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SUMMARY

Keywords

A systematic review on anti-diabetic action of 7-O-galloyl-D-
sedoheptulose, a polyphenol from Corni Fructus, in type 2 diabetic 
mice with hepatic and pancreatic damage

Chan Hum Park1,*, Jeong Sook Noh2, Jin Pyeong Jeon3,*, Takako Yokozawa4,*
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2 Department of Food Science and Nutrition, Tongmyong University, Busan, Republic of Korea;
3 Department of Neurosurgery, College of Medicine, Hallym University, Chuncheon, Republic of Korea;
4 Graduate School of Science and Engineering for Research, University of Toyama, Toyama, Japan.

7-O-galloyl-D-sedoheptulose, type 2 diabetes, liver, pancreas, oxidative stress, inflammation, 
fibrosis

Traditional medicines are recently being focused on to treat diabetes and its complications because of 
their lack of toxic and/or side effects. This report describes the effects of 7-O-galloyl-D-sedoheptulose 
(GS), a polyphenolic compound isolated from Corni Fructus, on type 2 diabetic db/db mice with 
hepatic and pancreatic damage. We examined several biochemical factors and oxidative stress- and 
inflammation-related markers. In the serum, levels of glucose, leptin, insulin, C-peptide, resistin, tumor 
necrosis factor-α, and interleukin-6 were down-regulated, while adiponectin was augmented by GS 
treatment. In addition, GS suppressed the reactive oxygen species and lipid peroxidation in the serum, 
liver, and pancreas, but increased the pancreatic insulin and pancreatic C-peptide contents. These 
results were derived from attenuating the expression of nicotinamide adenine dinucleotide phosphate 
oxidase subunit proteins, Nox-4 and p22phox. Augmented nuclear factor (NF)-E2-related factor 2 and 
heme oxygenase-1 were reduced with a decrease in oxidative stress during GS treatment. NF-κB-
related pro-inflammatory factors were also alleviated in hepatic tissue. Moreover, GS modulated the 
protein expressions of pro-inflammatory NF-κB, cyclooxygenase-2, inducible nitric oxide synthase, 
c-Jun N-terminal kinase (JNK), phosphor-JNK, activator protein-1, transforming growth factor-β1, and 
fibronectin. Based on these results, we demonstrated that the anti-diabetic action of GS may be due to 
its anti-oxidative stress property and anti-inflammatory action.

1. Introduction

Changes in lifestyle and diet have resulted in increasing 
rates of obesity, and obesity has been considered as 
a causative factor for several diseases, such as type 2 
diabetes, hypertension, cardiovascular disease, various 
infectious diseases, and cancer. Among these problems 
related to obesity, the most devastating may be type 2 
diabetes. Type 2 diabetes, a complex metabolic disorder, 
is a major health problem associated with high morbidity, 
mortality, and health-care costs (1). Therefore, prevention 
and the implementation of intervention for people with 
type 2 diabetes should become a public health priority 
worldwide.
	 Type 2 diabetes is a systematic multi-organ 
dysfunction caused by dynamic interplay among different 
organs (2). It is characterized by reduced responsiveness 

to normal circulating concentrations of insulin through a 
long period of insulin resistance (3). In particular, hepatic 
insulin resistance is a principal component of type 2 
diabetes. Decreased insulin sensitivity in the liver leads 
to elevated hepatic glucose production, hyperinsulinemia, 
β-cell stress, and hyperglycemia (4). Additionally, insulin 
resistance is accompanied by the intracellular production 
of free radicals, consequently causing elevated oxidative 
stress in the tissues of various organs (5). This indicates 
that there is a strong association between the degree of 
oxidative stress and risk of developing insulin resistance.
	 Increased oxidative stress induced by hyperglycemia 
is associated with type 2 diabetes. Reactive oxygen 
species (ROS) activate stress-sensitive intracellular 
signaling pathways, such as the transcription of nuclear 
factor-kappa B (NF-κB), which plays a central role in 
inflammation-related disease (6), and mitogen-activated 
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protein kinase (MAPK), which mediates the induction of 
NF-E2-related factor 2 (Nrf2) (7,8). Several researchers 
have demonstrated that ROS generation induced by 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase and the mitochondrial electron transport chain 
occurs in an early stage of diabetic development (9,10). 
In addition, oxidative stress activates different processes 
involving protein kinase C, cytokines, and others (6). 
Therefore, novel approaches are necessary to identify 
therapeutic agents that can act with a pleiotropic effect, 
including antioxidant properties, to prevent and treat 
diabetic development.
	 Marked effort has been made to identify safe and 
effective therapeutic agents from natural sources for 
metabolic disorders such as obesity and diabetes mellitus. 
Traditional medicines have been touted for their potential 
therapeutic actions in diabetes and its complications due 
to their lack of toxicity and side effects. Accordingly, 
previous studies from our group have reported that Corni 
Fructus (Cornus officinalis SIEB. et ZUCC.), which is 
used as a traditional medicine, exhibited antidiabetic 
effects by ameliorating glucose-mediated metabolic 
disorders as well as aminoguanidine, an inhibitor of 
advanced glycation endproduct (AGE) formation, in 
streptozotocin-induced diabetic rats (11). Furthermore, 
we screened out an iridoid glycoside fraction containing 
morroniside, loganin, mevaloside, loganic acid, and 
5-hydroxymethyl-2-furfural, and a low-molecular-
weight polyphenol fraction containing 7-O-galloyl-
D-sedoheptulose (GS) from Corni Fructus. These 
components may be important contributors to prevent 
or delay the onset of diabetic kidney disease (12). In 
particular, GS has only been isolated from Corni Fructus 
as far as we know (13), and the biological activity of GS 
has been poorly understood until now. For these reasons, 
we decided to clarify the mechanisms of GS in type 2 
diabetes using db/db mice as a model, especially in the 
liver and pancreas.

2. Purification of GS from Corni Fructus

As shown in Figure 1, a water extract of Corni Fructus 
(100 g) was fractionated by SephadexTM LH-20 column 
chromatography (32 × 5 cm) with water containing 
increasing proportions of methanol (0-100%, 10% 
stepwise gradient elution) and finally with 60% acetone 
to obtain four fractions: S1 (94.52 g), S2 (1.20 g), S3 (2.15 
g), and S4 (1.55 g). The fraction S1 was further separated 
by DiaionTM HP-20SS column chromatography (28 × 
5 cm) with water-methanol (0-100%, 10% stepwise 
gradient elution) to obtain S1D1 (85.64 g) and S1D2 
(7.88 g). TLC and HPLC analyses showed that S1D1 and 
S1D2 mainly contained sugars and iridoid glycosides, 
and S2, S3, and S4 contained phenolic substances. A 
portion of S2 (150 mg) was further purified by MCI-
gel CHP20P column chromatography (28 × 2 cm) 
with 0-10% methanol to obtain GS (98 mg). A white 

amorphous powder was analyzed by HR-FAB-MS; 
m/z: 363.0903, C14H19O11 [M+H] requires 363.0927. 
1H-NMR (acetone-d6 + D2O) of major anomer δ: 7.13 
(s, galloyl-H), 4.36 (m, H-4, H-7a), 4.23 (dd, J = 6.6, 
11.7 Hz, H-7b), 4.09 (d, J = 6.4 Hz, H-3), 4.05 (m, H-6), 
3.88 (t, J = 5.5 Hz, H-5), 3.5 (2H, br s, H-1), 1H-NMR 
(acetone-d6 + D2O) of major anomer δ: 167.0 (galloyl 
C-7), 145.9 (galloyl C-3,5), 138.7 (galloyl C-4), 121.5 
(galloyl C-1), 109.8 (galloyl C-2,6), 103.7 (C-2), 83.3 
(C-5), 78.0 (C-3), 77.1 (C-4), 71.1 (C-6), 66.2 (C-7), 
64.4 (C-1). Other anomeric carbon signals were observed 
at δ 98.2, 103.7, and 109.0. Assignments of the signals 
were achieved by COSY, HSQC, and HMBC spectral 
analysis. The structure was further confirmed by the 
formation of an osazone derivative: a mixture of the 
compound (10 mg), phenylhydrazine hydrochloride (20 
mg), and sodium acetate (30 mg) in water (0.5 mL) was 
heated at 80℃ for 25 min, and the resulting precipitates 
were collected by filtration. The 1H-NMR spectral data (in 
DMSO-d6) and [α]D value coincided with the data for the 
osazone derivative of GS (14,15).

3. General characteristics

Compared with the vehicle-treated db/db mice, the body 
weights were not changed by GS treatment throughout 
the experimental periods. However, the administration of 
GS led to a significant decrease of food intake in a dose-
dependent manner. The water intake showed a tendency 
toward a slight decrease (without significance) by 20 
and 100 mg of GS treatment for 6 weeks (14). Type 2 
diabetes causes characteristics such as hyperglycemia, 
hyperleptinemia and hyperinsulinemia, in db/db 
mice compared with m/m mice. GS administration 
significantly reduced the serum leptin and insulin levels 
at a dose of 100 mg/kg, and the C-peptide level at doses 
of 20 and 100 mg/kg, while the serum glucose level 
was slightly decreased without significance (16,17). 
Thus, GS administration can prevent diabetes in db/
db mice, as evidenced by improved insulin sensitivity 
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Figure 1. Fractionation of Corni Fructus.
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be related to the suppression of ROS-generating NADPH 
oxidase triggered by hyperglycemia, which is a potential 
source of oxidative stress in diabetes.
	 Oxidative stress also induces alterations in the Nrf2 
complex, and its gene transcription, such as that of 
heme-oxygenase-1 (HO-1), is enhanced (24). Under 
physiological conditions, Nrf2 is sequestered in the 
cytoplasm by Keap1, which facilitates its ubiquitination 
and proteasomic degradation (25). Upon exposure to 
oxidative stress, the sequestration complex breaks down 
and dissociated Nrf2 translocates into the nucleus, where 
it binds to cis-acting antioxidant response elements and 
promotes the transcription of numerous cytoprotective 
genes (26,27). NADPH oxidase-derived superoxide 
and the consequently induced activation of intracellular 
protein kinase cascades, such as mitogen-activated 
protein kinase, can mediate the induction of Nrf2 and 
HO-1 expression (7,8). Therefore, increased Nrf2-HO-1 
pathway activation may be a biomarker of oxidative 
stress and an adaptive response under pathological 
conditions. In our results, type 2 diabetic db/db mice 
showed enhanced expressions of Nrf2 and HO-1 in the 
liver compared with normal m/m mice; however, GS 
treatment significantly reduced these expressions (16). 
These results suggest that GS administration effectively 
alleviates oxidative stress and results in the down-
regulation of Nrf2 and HO-1.

4.2. Inflammation-related protein expression in the liver

Chronic hyperglycemia also favors the increased 
expression of cyclooxygenase-2 (COX-2) and inducible 
nitric oxide synthase (iNOS) mediated by the activation 
of NF-κB, which is also involved in ROS generation and 
inflammatory responses (28). Following inflammatory 
stimuli, both COX-2 and iNOS have been reported to 
induce deleterious effects on the liver (29). Among 
them, iNOS inhibitor improved hepatic insulin signaling 
at the levels of insulin receptor substrate-1 and -2 and 
protein kinase B in the liver of genetically obese diabetic 
mice (30). Excess nitric oxide (NO) generation, most of 
which is attributable to iNOS expression, often occurs 
under pathogenic conditions. High NO production by 
iNOS in macrophages and other cells is an inflammatory 
mediator (31). In db/db mice, NADPH oxidase-derived 
ROS and iNOS-produced NO were augmented together, 
suggesting that the type 2 diabetic condition augmented 
oxidative and nitrosative stress in the liver. In the 
present study, GS significantly suppressed hepatic NF-
κB, COX-2, and iNOS protein expressions in a type 
2 diabetic db/db mouse model, which was probably 
the result of reduced ROS and TBARS in the hepatic 
tissue. Additionally, these results suggest that GS can 
effectively prevent oxidative and nitrosative stress and 
their related inflammatory responses by attenuating the 
expression of NADPH oxidase subunits and NF-κB-
related protein (16).

through the maintenance of insulin and glucose levels 
and preservation of insulin and C-peptide levels in the 
pancreas, revealing that GS can ameliorate impaired 
glucose and insulin tolerance in db/db mice. In addition, 
the resistin, tumor necrosis factor-alpha (TNF-α), and 
interleukin-6 (IL-6) levels in serum were increased in 
the db/db control group compared with m/m group, 
and reduced by GS administration (17). Regarding the 
adiponectin level, the oral administration of GS at a dose 
of 100 mg/kg to db/db mice significantly enhanced the 
reduction. Moreover, oxidative stress-related biomarkers, 
such as ROS and thiobarbituric acid-reactive substance 
(TBARS), in the serum of db/db mice were higher 
than those in m/m mice. However, ROS and TBARS 
in the serum of GS-treated db/db mice were markedly 
reduced in a dose-dependent manner (17). Concerning 
hepatic functional parameters, the serum alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) levels were increased compared with m/m 
mice, and these augmented levels showed a significant 
decrease at a dose of 100 mg/kg (16).

4.  GS attenuates  diabetes- induced hepat ic 
damage through regulation of oxidative stress and 
inflammation

4.1. Oxidative stress-related protein expressions in the 
liver

As a major source of ROS generation, the Nox family 
of NADPH oxidase strongly contributes to the initial 
step and development of oxidative stress. Nox-derived 
ROS play a physiological role in stimulating various 
growth factors, cytokines, and hormones, including 
insulin (18), and have pathophysiological roles in 
endothelial dysfunction, inflammation, apoptosis, 
fibrosis, and angiogenesis, and important processes 
underlying diabetes and tissue injury (19). Structurally, 
NADPH oxidase comprises a membrane-associated 
cytochrome, b558, composed of one p22phox and one 
gp91phox subunit and at least four cytosolic subunits 
(p47phox, p67phox, p40phox, and the small GTPase rac1 or 
rac2) (20). Especially, Nox-4 and p22phox were found 
to be major sources of ROS production and play roles 
in pathological conditions (21-23). Therefore, we 
performed immunoblotting analyses of Nox-4 and 
p22phox in hepatic tissue of db/db mice. GS administration 
to db/db mice significantly attenuated oxidative stress 
by reducing ROS and TBARS levels in hepatic tissue, 
showing similar levels as those of normal m/m mice 
(16). These results suggest that the effect of GS involved 
the control of oxidative stress-induced hepatic injury, 
without serum glucose adjustment. Additionally, the 
increased expressions of hepatic Nox-4 and p22phox 
were significantly reduced by the administration of GS, 
which is also related to the reduction of hepatic ROS and 
TBARS levels (16). Therefore, the efficacy of GS may 
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5. The role of GS in ameliorating hyperglycemia-
mediated oxidative damage to the pancreas

The pancreas is a complex of exocrine and endocrine 
glands that controls many homeostatic functions. In 
the development of diabetes, chronic hyperglycemia 
can exert deleterious effects on β-cell function (32,33), 
and the mechanisms of glucotoxicity involve several 
transcriptional factors and are, at least in part, mediated 
by the generation of chronic oxidative stress (34,35). 
Furthermore, β-cell dysfunction caused by glucotoxicity 
has been reported to be potentially reversible with the 
restoration of metabolic control (36). Thus, an effective 
remedy to attenuate the decline in pancreatic function 
by suppressing oxidative stress with the restoration of 
glucose metabolism may help to prevent the development 
of diabetic complications, whereas attempts to stimulate 
insulin secretion and improve insulin action with drug 
therapies are temporarily helpful but are ultimately 
unable to prevent progressive β-cell dysfunction.
	 The destruction of β-cells and disorder of insulin 
secretion in the diabetic state generally causes physico-
metabolic abnormalities such as a decrease in body 
weight gain and an increase in the pancreatic weight, 
food intake, and water intake. The diabetic mice in 
this study also showed these changes. However, the 
administration of GS slightly, but not significantly, 
decreased these diabetes-induced physiological changes 
and led to a decrease in the pancreatic weight (17).
	 A number of mechanisms contribute to the 
development  of  pancreat ic  disorders  such as 
glucotoxicity, oxidative stress, AGE accumulation, 

fibrogenesis, and cytokine production (37). ROS play an 
important role in insulin resistance and pancreatic β-cell 
dysfunction, a highly prevalent condition implicated 
in the development of diabetes (38,39). Under diabetic 
conditions, hyperglycemia may induce large amounts of 
ROS that are responsible for the progressive dysfunction 
of β-cells, worsening insulin resistance and further 
promoting relative insulin deficiency (40). In particular, 
β-cells are sensitive to ROS because they are low in 
free radical quenching (anti-oxidant) enzymes (41). 
The excess ROS may also indirectly damage cells by 
activating a variety of stress-sensitive intracellular 
signaling pathways, including NF-κB and MAPK. In the 
present study, GS administration suppressed pancreatic 
ROS and TBARS in addition to c-Jun N-terminal kinase 
(JNK), p-JNK, and activator protein-1 (AP-1) oxidative 
stress-related proteins (17).
	 Since inflammation is considered a major factor 
contributing to type 2 diabetes (42), we examined the 
pro-inflammatory markers TNF-α and IL-6 in serum, and 
found that GS treatment inhibited serum TNF-α and IL-6 
(17), showing that the anti-diabetic action occurred due 
to an inhibition of inflammation. We further examined 
pro-inflammatory NF-κBp65, COX-2, and iNOS protein 
levels in the pancreas of db/db mice, and found that GS 
treatment down-regulated these levels (17).

6. Hepatic and pancreatic histological examination

The present study showed that in the results of 
h is to logica l  examinat ion  us ing  HE s ta in ing , 
which detects hepatocellular damage. The level of 

Figure 2. The effect of 7-O-galloyl-D-sedoheptulose against db/db mice.
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hepatocellular damage was higher in the liver of db/db 
mice compared with m/m mice. However, GS-treated 
db/db mice clearly showed decreased hepatocellular 
damage (16). To evaluate pancreatic fibrosis, sections 
of pancreatic tissue obtained from m/m and db/db mice 
were stained with Azan, along with representative blue-
stained fibrotic tissue sections from vehicle-treated db/db 
and GS-treated mice. The administration of GS showed a 
reduction of the blue-stained section (17).

7. Conclusion

Traditional medicine has been used widely in the 
treatment of diabetic mellitus in East Asia, including 
Japan, China, and Korea. In traditional medicine, 
Corni Fructus is the main ingredient for the treatment 
and prevention of diabetes. In our previous study, we 
analyzed the bioactive compounds of Corni Fructus, 
and morroniside, GS, and loganin were isolated (12). 
Notably, GS has only been found in Corni Fructus as 
far as we know, and the biological activity of GS has 
been poorly understood until now. The present study 
showed that GS treatment protected mice against type 
2 diabetes due to its ameliorating effects on oxidative 
stress, inflammation, and fibrosis, as summarized in 
Figure 2. We provided experimental evidence of GS as 
an anti-diabetic agent, which warrants further clinical 
investigation.
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The steady-state gut microbiome not only promotes the metabolism and absorption of nutrients that 
are difficult to digest by the host itself, but also participates in systemic metabolism. Once the dynamic 
balance is disturbed, the gut microbiome may lead to a variety of diseases. Recurrent pregnancy loss 
(RPL) affects 1-2% of women of reproductive age, and its prevalence has increased in recent years. 
According to the literature review, the gut microbiome is a new potential driver of the pathophysiology 
of recurrent abortion, and the gut microbiome has emerged as a new candidate for clinical prevention 
and treatment of RPL. However, few studies have concentrated on the direct correlation between 
RPL and the gut microbiome, and the mechanisms by which the gut microbiome influences recurrent 
miscarriage need further investigation. In this review, the effects of the gut microbiome on RPL were 
discussed and found to be associated with inflammatory response, the disruption of insulin signaling 
pathway and the formation of insulin resistance, maintenance of immunological tolerance at the 
maternal-fetal interface due to the interference with the immune imbalance of Treg/Th17 cells, and 
obesity.

1. Introduction

Recurrent pregnancy loss (RPL), whose definition has 
still remained controversial, was traditionally defined as 
multiple spontaneous abortions with the same spouse. 
The American Society for Reproductive Medicine 
(ASRM) defined two or more pregnancy failures 
and explicitly excluded biochemical pregnancies in 
2020 (1). In addition, the European Society of Human 
Reproduction and Embryology (ESHRE) defined two or 
more pregnancy failures before 24 weeks of gestation, 
including biochemical pregnancies (2). RPL could affect 
1-2% of women of reproductive age, and its prevalence 
has increased in recent years (2). Hence, RPL is a disease 
that impairs patients' physical and mental health and 
their families' stability. The etiology of RPL is complex, 
and the main recognized factors include chromosomal 
abnormalities, inflammation, insulin resistance (IR), 
immunity, obesity, etc. 
	 In an individual, the gut microbiome is composed 
of more than 1,000 species of bacteria, including 
approximately 3.8 × 1013 bacterial cells and 3.3 million 

genes (3). Compared with human genes, the gut 
microbiota contains 150 times more genes than the 
human genes (3,4), which are essential for the survival of 
these organisms in the gut and confer different functions 
to various bacteria that play important roles in regulating 
metabolism, immunity, and inflammation. Over time, 
this dynamic population evolves with the host, including 
bacteria, fungi, parasites, archaebacteria, and viruses. 
Metagenomic analyses of volunteers and lean mice 
have shown that the microbiome was comprised of two 
main primary phyla, Bacteroides and Firmicutes, and 
Bacteroidetes can be commonly found in healthy hosts, 
making them superior to Firmicutes (4). 
	 Gut microbiome can attach to the intestinal mucosal 
surface, forming a protective barrier and participating 
in the maintenance of homeostasis within the tissues 
to prevent the growth and invasion of pathogenic 
bacteria (5). The steady-state gut microbiome not only 
promotes the metabolism and absorption of nutrients 
that are difficult to digest by the host itself, but also 
participates in systemic metabolism (6). The intestinal 
barrier, primarily consisting of a mucus layer, an 
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epithelial barrier, and a gut vascular barrier, limits the 
transport of intestinal contents into systemic circulation 
by providing a physical and functional barrier. First, the 
tight junctions between the epithelial cells restrict the 
entry of bacteria and their products into the systemic 
circulation. Second, the mucin layer consists of the 
highly glycated protein mucin secreted by goblet cells, 
which does not allow bacteria to penetrate by firmly 
adhering to the epithelial cells (5). The thickness and 
composition of the mucus layer are mainly affected 
by the gut microbiome. Consequently, the interaction 
between the intestinal mucus layer and microorganisms 
is of great significance for maintaining healthy intestinal 
homeostasis. In addition, the gut microbiome participates 
in the establishment of mucosal immunity, and the 
glycine-rich structural domains on mucins can provide 
binding sites for certain microorganisms secreting 
specific lectins or glycosides for selective adhesion (7). 
In germ-free animals, there are fewer goblet cells, a 
thinner mucus layer, and a higher proportion of neutral 
mucin. Whereas the intestinal mucus layer of germ-free 
animals is restored rapidly after feeding on the bacterial 
products, which also promotes the maturation of the 
immune system through the mucosal system and protects 
the host from the attack of opportunistic pathogens (8). 
In general, the gut microbiome is in dynamic balance, 
while it is susceptible to the environmental factors, such 
as long-term dietary habits and medications. Once the 
dynamic balance is disturbed, the gut microbiome may 
lead to a variety of diseases. 
	 According to  the  avai lable  l i te ra ture ,  the 
gut microbiome is a new potential driver of the 
pathophysiology of recurrent abortion, and the gut 
microbiome has emerged as a new candidate for clinical 
prevention and treatment of RPL. However, few studies 
have concentrated on the direct correlation between RPL 
and the gut microbiome, and the mechanisms by which 
the gut microbiome influences recurrent miscarriage need 
further investigation. The present review aimed to discuss 
the relationship between RPL and gut microbiome. 

2. Effects of gut microbiome on RPL 

2.1. Insights into inflammation and gut microbial 
imbalance

Few studies have directly shown that gut microbes are 
associated with RPL, while there is strong evidence to 
support the correlation between the gut microbiome and 
the increased risk of inflammation, which in turn leads 
to IR. Dysfunction of intestinal microbiome involves 
abnormal production of cytokines, which may be at 
the risk of inflammation. There is significant evidence 
supporting that the increased risk of pro-inflammation 
is associated with a decrease in the diversity of the gut 
microbiome (9). In addition to the loss of diversity, Liu 
et al. reported a significant reduction in the dominant 
microbiota beneficial to human health and an increase 
in the proportion of Firmicutes in patients with abortion 
(10).  

2.1.1. Lipopolysaccharide (LPS)

LPS, known as endotoxin, is considered one of the 
initiators of inflammatory responses and apoptosis. 
Although the development of inflammation may be 
caused by several factors, according to studies on mice, 
the gut microbiome is one of the important causes, and 
the LPS is one of the best-studied inflammation inducers 
(5,11). In general, the intestinal barrier prevents the 
entry of LPS from the gut into systemic circulation. 
The toxicity of LPS is present in the portion of Lipid A 
moiety, which allows LPS to bind to toll-like receptor-4 
(TLR4), and then enter the systemic circulation. 
Intestinal alkaline phosphatase produced by epithelial 
cells catalyzes the dephosphorylation of Lipid A moiety 
to detoxify bacterial endotoxin, thereby preventing 
the translocation of LPS into the systemic circulation 
(5). However, changes in the ratio of Bacteroides to 
Firmicutes make LPS to translocate and move into the 
systemic circulation by the junctions (Figure 1). 

158

Figure 1. The possible mechanisms of RPL based on the effects of LPS by regulating gut microbiome. ↑: increase; ↓: decrease; -: inhibit.
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derived SCFAs. SCFAs include acetate, propionate, 
and butyrate (the highest level is 95%). In a study on 
rats, it was revealed that altering the gut microbiota 
was resulted in the increased acetate production, 
which activated the parasympathetic nervous system, 
thereby promoting the increased insulin secretion (22). 
Propionate is a substrate for hepatic gluconeogenesis. 
Several studies have shown that high levels of imidazole 
propionates produced by Bacteroides and Prevotella are 
involved in the immune activation and low inflammation 
(23,24). Besides, another study on mice showed that 
imidazole propionate inhibits insulin signaling at the 
level of IRS by activating P38 MAPKs and promoting 
the phosphorylation of P62 (25). 
	 Another SCFA, butyrate, is the most important 
metabolite in colonocyte metabolism. Of note, butyrate is 
an anti-inflammatory metabolite that inhibits pathways, 
leading to the production of pro-inflammatory cytokines. 
A previous study has demonstrated that Bifidobacterium 
bifidum strain Bb could decrease Prevotellaceae, a 
major driver of inflammation, by modulating SCFAs, 
particularly butyrate (26). Related to this anti-
inflammatory effect, butyrate induces extrathymic 
production of anti-inflammatory Treg cells, which in turn 
minimizes the risk of IR by improving insulin signaling 
(21). Besides, butyrate increases the expression levels 
of tight junction proteins, leading to reduced intestinal 
permeability (27) and maintenance of the intestinal 
barrier, thereby minimizing LPS mobility in the gut and 
reducing LPS-related effects.

2.1.3. Bile acids

Bile acids, metabolized by enzymes in gut microbiome, 
are essential for the maintenance of homeostatic 
metabolism, insulin sensitivity, and innate immunity. Gut 
microbes can convert primary bile acids to secondary 
bile acids via deconjugation, dihydroxylation, or 
dehydrogenation (28), and thus, gut microbiota can 
influence the synthesis of bile acids. Bile acids serve 
several functions, enabling lipids to be emulsified and 
absorbed by the body, as well as exerting their role as 
signaling ligands (13). Bile acids play an inflammatory 
role by activating the farnesoid X receptor signaling 
pathway in enterocytes (29). However, activation of 
Takeda G-protein receptor 5 by secondary bile acids 
activates glucagon-like peptide 1 (GLP1) secretion from 
L-cells in the intestine (30). Furthermore, GLP1 prevents 
IR (31). Meanwhile, bile acid metabolites are abundant 
in the intestinal tract of mammals and produce a large 
pool of bioactive molecules to control the differentiation 
of T helper 17 (Th17) cells and Treg cells (32). Hang 
et al. studied two different derivatives of lithocholic 
acid (LCA), 3-oxoLCA and isoalloLCA, and found that 
3-oxoLCA was directly associated with retinoic acid γt 
binding that could inhibit the differentiations of Th cells, 
a key transcription factor in Th17 cell differentiation. 

	 There is a specific interaction between LPS and 
TLR4. LPS-binding protein binds to LPS and delivers it 
to the TLR4/myeloid differentiation protein-2 complex, 
which then induces the early activation of nuclear factor-
kappa B (NF-κB), Interferon regulatory factor 3, and 
mitogen-activated protein kinase (MAPK) pathways, 
which can be mediated by the adapters myeloid 
differentiation primary response 88 (MyD88) and 
MyD88 adaptor-like. After the subsequent activation 
and phosphorylation of interleukin-1 receptor-associated 
kinase, tumor necrosis factor (TNF) receptor-associated 
factor 6 becomes activated (12), which gives rise 
to the expression of pro-inflammatory genes. Then, 
inflammatory cytokines lead to a low inflammatory 
response and IR (13). A contender for the MyD88-
independent branch of signaling pathways induced 
by LPS is dsRNA-dependent protein kinase (PKR), 
which has been shown to be associated with MyD88 
adaptor-like. The translocation of LPS also activates 
serine kinases, which induces serine phosphorylation 
of insulin receptor substrate 1 (IRS-1) and promotes IR 
formation. Moreover, LPS entering to the gut through a 
compromised intestinal barrier also affects S-nitrosation 
of IR and IRS-1 in insulin-sensitive tissues, leading 
to the impaired insulin signal (14,15). In addition, 
S-nitrosylation/S-nitrosylation has been shown to be a 
central phenomenon induced by endoplasmic reticulum 
stress, which could also be an important molecular 
mechanism of IR (16). 
	 Changes in the gut microbiome can activate the 
endocannabinoid system. LPS can exacerbate the 
inflammatory response by binding to cannabinoid 
receptor 1 to increase intestinal permeability and 
promote its absorption into the blood (17). LPS can also 
promote lipolysis directly, or indirectly through TNF-α, 
significantly increasing the production of free fatty acids 
(FFAs). The increased levels of FFAs can phosphorylate 
IRS1/2 serine and inhibit the activity of insulin receptor 
tyrosine kinase, leading to IR (18). In addition, LPS 
promotes the production of reactive oxygen species (ROS) 
and induces oxidative stress, which in turn increases the 
risk of IR (19). Importantly, in mice supplemented with 
lipoic acid, oxidative stress was lower than in mice that 
did not receive lipoic acid (20).

2.1.2. Short-chain fatty acids (SCFAs) 

Gut microbiome can metabolize dietary fiber and 
indigestible carbohydrates into SCFAs by producing 
specific enzymes (6). To our knowledge, SCFAs are 
immunomodulatory molecules that are involved in the 
regulation of cytokine production and T regulatory 
(Treg) cell expansion, activating or inhibiting of the 
inflammatory cascade (21).
	 With the progression of research, SCFAs can be 
detected in the blood circulation, suggesting a wide 
range of extra-gastrointestinal effects of gut microbiota-
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Nevertheless, isoalloLCA enhanced the differentiation of 
Treg cells by generating ROS (32). 

2.1.4. Cytokines

Cytokines are signaling molecules that influence several 
processes in the host, such as immune regulation. As 
a pro-thrombotic cytokine (IL), IL-6 is involved in the 
differentiation process of Th17 cells, and it is closely 
associated with RPL (33). Compared with normal 
pregnancy, levels of Th17-related cytokines (e.g., TNF-α 
and IL-17) were significantly elevated in the decidua 
of RPL patients (34). Furthermore, a study found that 
miscarriage was caused by abnormally elevated IL-17 
level at maternal-to-fetus interface, and administration 
of anti-IL-17 antibodies prevented unexplained recurrent 
miscarriages (35). 
	 Gut microbiota can induce an imbalance in cytokine 
levels (10), and a systematic review found the abundance 
of Bifidobacterium, Faecalibacterium, Ruminococcus, 
and Prevotella was negatively correlated with IL-6 
expression level (36). However, the underlying molecular 
mechanisms have not yet been fully clarified. 
	 Bacterial overgrowth in the intestine could lead 
to bacterial translocation, which could exacerbate 
the inflammation and disrupt tight junctions, thereby 
facilitating intestinal permeability (37). For instance, 
Collinia could increase intestinal permeability by 
decreasing the expression levels of tight junction proteins 
in epithelial cells and inducing IL17 expression level (38). 
Lactobacillus strains can modify production of cytokines 
in different cells. Aline et al. found that Lactobacillus 
strains could reduce concentrations of pro-inflammatory 
cytokines, such as IL-6 and TNF-α, and significantly 
increase concentrations of anti-inflammatory cytokines 
(39). Importantly, in patients with miscarriage, 
concentrations of IL-2, IL-17, TNF-α, and interferon-γ 
(IFN-γ) were upregulated, and microbial diversity and 
the relative abundance of Prevotella_1, Prevotellaceae_
UCG_003 and Selenomonas_1 were significantly 
reduced (10).
	 In addition, the gut microbiome metabolites modulate 
immunity through cytokines. Liu et al. found that 
imidazolepropionic acid and 1,4-methylimidazoleacetic 
acid were associated with recurrent miscarriage by Th1/
Th17-mediated immunity (10). Histone deacetylase 
inhibitory activity of butyrate induces changes in gene 
expression in dendritic cells, including inhibition of IL-6, 
which contributes to the differentiation of Treg cells (40). 
Butyrate regulates the immune response of macrophages 
by inhibiting the transcription of precursor macrophages, 
such as IL-6 (41), contributing to the maintenance of 
tolerance toward commensal bacteria.
	 TNF-α, a cytokine known as an inflammatory 
driver, activates various signaling pathways to develop 
metabolic disorders. Additionally, elevated incidence 
rates of metabolic disorders have been found to be 

associated with IR (42). To successfully establish a 
pregnancy, extravillous trophoblast cells must invade 
the placental bed. Harry A found that the increased level 
of TNF-α in women with miscarriage could inhibit 
extravillous trophoblast cells invasion by increasing 
trophoblast apoptosis, and/or altering production of active 
proteases (43). Importantly, TNF-α level was higher in 
mice with intestinal enrichment of Staphylococcus aureus 
and Danieliae than that in normal mice (44). However, 
Mechoud et al. demonstrated that Lactobacillus could 
reduce TNF-α production by interfering with the ability 
of NF-κB to bind to DNA targets (45).

2.2. Insights into IR and gut microbial imbalance 

The gut microbiome dysbiosis may reshape intestinal 
barrier functions and host metabolic and signaling 
pathways, which are directly or indirectly related to the 
IR in type 2 diabetes. Independent of obesity, insulin 
resistance and associated hyperglycemia trigger a 
rapid, drastic, and reversible intestinal dysbiosis, which 
contributes at least partly to enhanced gut permeability.
	 IR includes a series of pathological and clinical 
manifestations caused by a reduced or lost response of 
the target organs and tissues to the biological effects 
of insulin. During pregnancy, physiological IR is due 
to the high secretion of hormones, such as cortisol 
and progesterone, antagonizing the effects of insulin. 
Maternal tissue reduces blood glucose intake to maintain 
stable blood glucose levels to meet the needs of fetal 
growth. However, pathological IR is an important factor 
in adverse pregnancy outcomes. Destruction of intestinal 
barrier would destroy the symbiotic relationship between 
the gut microbiome and their hosts, leading to low-grade 
inflammation and metabolic disturbances that impair the 
insulin signaling pathway, alter insulin sensitivity, and 
ultimately lead to IR. The gut microbiome dysbiosis may 
reshape intestinal barrier functions and host metabolic 
and signaling pathways, which are directly or indirectly 
related to the insulin resistance in type 2 diabetes. 
Independent of obesity, IR and associated hyperglycemia 
trigger a rapid, drastic, and reversible intestinal 
dysbiosis, contributing at least partly to the enhanced gut 
permeability (46). Moreover, gut microbiota dysbiosis 
may result in IR.
	 Over the past decades, it was revealed that IR is one 
of the factors influencing the susceptibility of patients 
with polycystic ovarian syndrome (PCOS) to recurrent 
miscarriages, while the risk of IR in RPL patients 
remains noticeable after excluding PCOS- and diabetes-
related factors. In the newly published guidelines, 
abnormal insulin metabolism has been recognized as an 
independent risk factor for RPL (47).
	 There is a relationship between IR and PRL, while 
the mechanism of IR inducing abortion is complex. 
Hyperinsulinemia increases the expression level of 
plasminogen activator inhibitor-1, which can induce 
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a hypofibrinolytic state. This promotes vascular 
thrombosis reduces blood supply to the placenta, which 
in turn leads to trophoblast dysplasia and miscarriage 
(48). Insulin directly and indirectly stimulates the 
production and secretion of androgens by ovarian theca 
cells. First, high concentrations of insulin inpatients 
with IR can act directly on ovarian follicular membrane 
cells, accelerating the transformation of intracellular 
progesterone into 17α-hydroxyprogesterone and 
promoting the conversion of 17α-hydroxyprogesterone, 
androstenedione, and testosterone, ultimately resulting in 
hyperandrogenemia. Second, high levels of insulin can 
increase the luteinizing hormone (LH) pulse amplitude 
of pituitary gland by increasing the body's sensitivity to 
gonadotropin-releasing hormone, followed by worsening 
of hyperandrogenemia. In addition, IR reduces the 
production of sex hormone binding globulin in the 
liver, which increases free testosterone and functional 
hyper and rogenemia in the body. Furthermore, free 
androgens in serum can directly damage to ovum and 
embryo, and even lead to PRL in severe cases (49). 
Moreover, androgen receptor mediates the regulation of 
androgen in structure and function of uterine tissue, and 
a single nucleotide polymorphism of androgen receptor 
(G1733A) gene changes cytoskeletal tissue and cell 
cycle regulation, affecting decidualization of human 
endometrial stromal cells, which is detrimental to 
embryonic implantation and increases abortion rate (50). 
Hyperandrogenemia and IR may cause mitochondria-
mediated damage, cause the imbalance of oxidative 
stress and antioxidant stress response of the uterus, and 
ultimately lead to abortion (51). 
	 IR or hyperinsulinemia has various deleterious 
metabolic effects, such as increased serum level of 
hyperhomocysteinemia (HHcy). HHcy increases 
oxidative stress in the vascular endothelium and 
activates platelets by interfering with endometrial blood 
flow and vascular integrity, leading to implantation 
failure or abortion (52). Jakubowicz et al. found that 
hyperinsulinemia at the implantation situs could 
decrease the concentration of insulin-like growth 
factor binding protein-1 (53), promoting the adhesion 
process at the maternal-fetal interface. Thus, insulin is 
negatively associated with insulin-like growth factor 
binding protein-1 concentration, increasing the risk 
of miscarriage. In addition, hyperinsulinemia may 
cause dysregulation of prokineticin 1 expression level, 
which inhibits endometrial stromal cell migration and 
trophoblast invasion, and interferes with embryonic 
implantation, thereby leading to miscarriage (54).

2.3. Insights into immunity and gut microbial imbalance

The etiology of RPL is complex and approximately 
50% of the complexity is related to immune factors 
(34). Intestinal microorganisms are closely associated 
with Treg/Th17 cellular immune homeostasis, and gut 

microorganisms and their metabolites may interfere 
with Treg/Th17 cellular immune balance. First, Treg/
Th17 cellular immune imbalance may occur when gut 
microbial composition changes, leading to the increase 
of IL-17 secretion and a shift in Treg/Th17 homeostasis 
to Th17 cells (55). Liu et al. also found a significant 
decrease in the dominant microbiota beneficial to human 
health and an increase in the ratio of Firmicutes to 
Bacteroides. Further analysis showed that these changes 
in the gut microbiome were related to the increase in 
the levels of Th1- and Th17-related cytokines (10). 
Segmented filamentous bacteria could induce the 
differentiation of Th17 cells by stimulating ROS and 
promoting the production of serum amyloid A (56). 
Bifidobacterium was confirmed to induce differentiation 
of Th17 cells (57). However, Bacteroides fragilis could 
promote the differentiation of CD4+ T lymphocytes 
into Treg cells and inhibit the differentiation of CD4+ 

T lymphocytes into Th17 cells via the TLR signaling 
pathway on the surface of T lymphocytes (57). Second, 
each bacterium could also regulate the differentiation 
balance of Treg/Th17 cells by its metabolites. For 
instance, Clostridium clusters XIVa and IV could also 
induce Treg cell proliferation through SCFAs (58). 

2.3.1. Autoimmune diseases (AIDs)

AIDs refer to the syndromes, in which the body produces 
high titers of autoantibodies and/or auto-reactive 
lymphocytes that attack the corresponding normal cells 
and tissues, resulting in tissue and organ dysfunction. 
AIDs are characterized by disruption of immune 
tolerance, and they are an important cause of pregnancy-
associated complications, such as RPL. Christiansen et 
al. reported that the incidence of RPL was 1.7-5.3 times 
higher in pregnant women with AIDs, including lupus 
erythematosus and autoimmune thyroid disease (AITD) 
than in healthy controls (59). 
	 It is broadly accepted that dysfunction of the gut 
microbiome can cause an overactive immune system, 
leading to AIDs, while few in vivo relevant studies were 
conducted. In a seminal experiment performed by Min 
Jin et al. (9), significant differences between the positive 
and negative groups were identified by investigating the 
gut microbiota-induced recurrent miscarriages associated 
with immune antibody positivity. The relative abundance 
of Bacteroidetes was the highest in the positive 
group. In contrast, Bacteroides, Faecalibacterium, 
Erysipelotrichaceae_UCG-003, and Prevotella_9 had a 
high relative abundance in the negative group. The results 
of alpha diversity analysis showed that the community 
richness, community diversity, and phylogenetic 
diversity were higher in the positive group than those 
in the negative group. It is speculated that there may 
be some relationships between the gut microbiome and 
RPL with positive immune antibodies. However, the 
mechanism has not been extensively studied.
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	 Autoimmune factors-induced RPL refers to the 
presence of various autoimmune antibodies in the 
maternal, which attack the maternal tissues and 
placenta, thereby causing abortion. Autoantibodies can 
be classified as non-organ-specific antibodies, such as 
antiphospholipid antibody (aPL), antinuclear antibody 
(ANA), and organ-specific antibodies (e.g., anti-thyroid 
antibody).  
	 The antiphospholipid syndrome (APS) is an 
autoimmune disorder mediated by T cell-dependent 
aPL, and it is known as an RPL-related immunological 
diagnosis in the world. APL is the most common 
autoimmune antibody that causes RPL, which is 
composed of heterogeneous sets of antibodies that 
recognize plasma or cell surface antigens, including the 
antibodies against proteins related to coagulation, such as 
β2 glycoprotein I. 
	 The pathogenic aPLs inhibit fibrinolytic and protein 
C pathways and promote thrombosis in arterial vessels 
and microcirculation in multiple target cell types, such 
as endothelial cells, platelets, and monocytes. One-
third of the placental tissues in patients with APS is 
thrombosed, resulting in fetal ischemia and hypoxia (60). 
APLs affect prostaglandin production through decidual 
cells and various cytokines and increase secretion and 
expression levels of pro-inflammatory cytokines, such 
as TNF-α and IL-6. APL activates the innate immunity 
of trophoblast cells and inhibits the proliferative activity 
of trophoblast cells by binding pattern recognition 
receptors to the surface of trophoblast cells. This reduces 
the migration and invasion of trophoblast cells, and 
promotes the release of a large number of inflammatory 
factors, which accelerate apoptosis of trophoblast cells 
and interfere with uterine spiral artery recasting (61). 
Dietary changes can alter the gut microbiome and 
mortality of mice with high titers of β2 glycoprotein 
I antibodies, and APS manifestations are markedly 
reduced by dietary restriction. Importantly, probiotic 
bacterial strain could alter aPLs in non-autoimmune 
animals (62).
	 RPL may be attributed to the influence of ANA 
on the platelet activity, coagulation or anticoagulation 
mechanisms, and damage of vascular endothelial 
cells to induce thrombosis, thereby affecting placental 
angiogenesis and uterine hemodynamics (63). Gülden 
et al. administered a combination of four antibiotics 
into humanized mice to treat them with ANA and found 
an increase in the number of effector T cells in the gut, 
indicating how the microbiome could influence human 
immune cells (64). 

2.3.2. Autoimmune thyroid disease

AITD is an organ-specific autoimmune disorder 
mediated by Th1 cells. A meta-analysis showed that 
miscarriage was associated with a positive thyroid 
antibody (DR: 3.73, 95% confidence interval (CI): 

1.8-7.6) and RPL (odds ratio (OR): 2.3, 95% CI: 1.5-
3.5) (65). At present, it is widely accepted that changes 
in the composition and structures of the intestinal 
microbiota are associated with the occurrence and 
development of AITD. Proteins of certain strains of 
Yersinia, Bifidobacteria, and Lactobacillus have similar 
amino acid sequences with thyroid-stimulating hormone 
receptor, thyroglobulin, and thyroid peroxidase. When 
dysregulation of intestinal microbiota causes damage to 
the intestinal barrier, they can be entered into the blood 
by the gap, and break the immune tolerance to induce 
the autoimmune response through molecular simulation 
and other mechanisms, thereby inducing AITD (66,67). 
In addition, Phyllofilamentous, Prevotella, Eubacter 
rectum, and other bacteria may induce or aggravate 
AITD by affecting Th17/Treg axis (68,69). 

2.3.3. Maternal-fetal immunological disorder

As patients with recurrent abortion account for more 
than half of the population, the procedures are sometimes 
referred to as some of the unexplained recurrent 
miscarriages that might be explained by abnormalities 
in maternal-fetal immunology (34). Pregnancy is a 
unique immunological phenomenon, and maternal-fetal 
immune tolerance is the basis of embryonic implantation 
and pregnancy maintenance. Hence, a normal immune 
response is essential to maintain pregnancy in early-stage. 
The foundation is the development of immunological 
tolerance during pregnancy, which includes reduced 
activity of natural killer (NK) cells, Th2 type immune 
response, increased activity of Treg cells, and modest 
trophoblast infiltration. Any abnormalities may lead to 
imbalance of maternal-fetal immune tolerance (70). Once 
the immune tolerance is broken, the maternal immune 
system may reject the embryo, failing of embryonic 
implantation and abortion (34). 
	 Changes in the number and species of the gut 
microbiome and the concentrations and activities of their 
metabolites are important factors, affecting systemic 
immune response and endocrine. By interfering with 
the immunological balance of Treg/Th17 cells at the 
maternal-fetal interface, their aberrant alterations may 
result in IR and induce RPL (34,58). When Treg and 
Th17 cells interact with each other and tend to balance, 
the decidua can not only resist external infection but also 
prevent the embryo from being rejected by the maternal 
immune system. As a result, an imbalance of Treg/Th17 
cells is an important cause of maternal-fetal immune 
intolerance (34,70). 
	 In general, IFN-γ is involved in supporting uterine 
spiral artery remodeling and decidualization, and NK 
cells are beneficial to pregnancy by secretion of IFN-γ. 
At the maternal-fetal interface, a large number of NK 
cells are accumulated, and 70% of decidual lymphocytes 
are CD56brightCD16- NK cells. These cells can take part in 
endometrial vascular remodeling, trophoblast invasion, 
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and the maintenance of immunological tolerance at 
the maternal-fetal interface, according to research 
conducted on animals and humans (71). Therefore, 
abnormal number and activity of NK cells are closely 
related to URSA. Recently, Fu et al. demonstrated that 
the decidual NK cells could prevent the Th17 cells from 
secreting IFN-γ, which could cause a local inflammatory 
reaction, and lead to tolerance. Contrarily, in RPL 
patients or animal models, the number of decidual Th17 
could increase, and the inhibition of NK cell-mediated 
response could be vanish, finally leading to the loss of 
tolerance (71). Additionally, healthy decidual NK cells 
release large amounts of the anti-inflammatory cytokine 
IL-10, which is crucial for inhibiting TH17 cells (72). 
Therefore, NK cells could maintain fetal development 
at the maternal-fetal interface by controlling the local 
inflammation.
	 Intestinal microbiota can activate NK cells (73) and 
stimulate the development of the intestinal mucosal 
immune system directly or indirectly by activating helper 
cells (74). For instance, it was revealed that Lactobacillus 
Eosinophilus could promote the secretion of IL-12 
by dendritic cells, activating NK cells to promote the 
synthesis and secretion of IFN-γ (75). Lactobacillus 
plantarum could also promote synthesis of NK cells and 
secretion of IL-22 by recognizing TLR2, upregulating 
the expression levels of tight junction proteins in 
intestinal epithelial cells (73). In addition, Roseburia 
intestinalis was found to be positively associated with 
IL-22 and IL-6, improving insulin sensitivity (76). It 
was well documented that human leukocyte antigen 
class I molecules could regulate the function of NK 
cells. Importantly, changes in human leukocyte antigen 
structure could be associated with distinct variations in 
the gut microbiome (77).

2.4. Obesity can be an independent risk factor for RPL

In women of reproductive age, obesity is on the 
rise, and it has a detrimental effect on their capacity 
to conceive. Obesity causes RPL through heredity, 
inflammation, immune imbalance, decidua damage, 
endocrine disorder, pre-thrombotic state, etc. Obesity 
could be an independent risk factor for RPL. However, 
there is a significant difference in the gut microbiome 
diversity between healthy individuals and obese 
individuals, and the diversity is related to body mass 
index (BMI). Hence, the gut microbiome is associated 
with susceptibility to obesity (Figure 2). Schele et al. 
demonstrated that the gut microbiome reduced the 
expression level of proglucagon, which encoded the 
fat-suppressing peptide GLP1 in the brain stem and 
contributed to the increased fat mass (78). A previous 
study showed that Bacteroides to Firmicutes ratio was 
altered in obese individuals and this ratio could revert to 
normal weight loss, suggesting that the gut microbiome 
might play a key role in obesity (79). 

2.4.1. Heredity

Clinically, RPL is highly associated with an abnormal 
chromosomal  karyotype (80 ) .   Obese women 
were reported to be at a significantly higher risk of 
miscarriage, whereas at a lower risk of chromosomal 
abnormalities in stream products compared with women 
with normal BMI (81). Therefore, the majority of 
chromosomal abnormalities are irrelevant to obesity-
induced RPL. 

2.4.2. Obesity-induced gut microbiome promotes 
inflammation

The association between obesity and inflammation could 
be mediated by the inflammatory agents produced by gut 
microbiome, such as LPS and TNF-α. Wang et al. found 
that a high-fat diet (HFD) could result in an abundance of 
gram-negative bacteria in intestinal tracts of obese mice, 
which could cause damage to the mucosal barrier and 
increase intestinal permeability, releasing a significant 
quantity of LPS into the blood (82). Fei et al. used 
Enterobacteriaceae isolated from the gut microbiome 
of obese individuals to establish a genetic mouse model 
with only this microbiome, and it was revealed that the 
experimental group showed elevated LPS, developing 
obesity and IR, while their germ-free counterparts who 
were exposed to the same conditions exhibited no change 
(83). In accordance with Fei et al.'s findings (83), Just 
et al. concluded that germ-free mice would not become 
obese even if they were given an HFD (84). 
	 Additional inflammatory products are produced 
by gut microbiome in obese patients than in normal 
individuals. Li et al. found that obese mice in the HFD 
group had significantly higher levels of LPS and TNF-α 
compared with those in the control group (85). Moreover, 
the relative abundance of Firmicutes and Proteobacteria 
increased, while the relative abundance of Bacteroidetes, 
Actinobacteria, and Verrucomicrophyla decreased, 
suggesting that the high levels of LPS and TNF-α could 
be related to the changes of intestinal microbiota. LPS 
stimulates the pro-inflammatory pathway and causes 
IR by activating TLR4 on adipocytes and upregulating 
NF-κB expression level (86). When the function of 
adipocytes is abnormal, it's usually macrophages in fat 

Figure 2. The possible mechanisms of the effects of diet on the gut 
microbiome and the relationship leading to the increased risk of 
the development of RPL.
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tissue that may release IL-6 (42), downregulating the 
expression levels of glucose transporter-4 and IRS-
1 in adipocytes. TNF-α binding to insulin receptors 
in liver cells and skeletal muscle cells can inhibit IRS 
phosphorylation and decrease its activity, which may 
reduce the efficiency of insulin signal transmission and 
lead to IR (87). 
	 The gut microbiome in obese patients produces 
more inflammatory products. In contrast to the healthy 
control group, Zheng et al. demonstrated that obese 
HFD-fed mice had an intestinal microbiota that was 
dysregulated (88), and the bile acid content of their cecal 
contents had dramatically risen. Some scholars have 
shown that IL-18 and FFA levels were overexpressed 
in the endometrium of overweight patients with PCOS 
at the proliferative stage (89). Increased inflammatory 
substances cause reduction of ovarian blood, which 
may cause damage to granulosa and follicular 
membrane cells and lower progesterone production. 
The reduced progesterone production leads to attenuate 
endometrial secretory function, which is unconducive 
to embryonic implantation and growth, and it may 
manifest as infertility or abortion. Besides, an animal 
study showed that FFA could inhibit the synthesis of 
inflammatory kinases in pituitary gonadotropins and 
suppress activin-induced follicle-stimulating hormone 
β subunit expression level through Toll like receptor 2. 
The upregulated LH mRNA expression could inhibit 
FSH mRNA expression. In female HFD-fed mice, estrus 
cycle length was shortened and luteal count in the ovary 
was reduced, severely attenuating luteal function in 
early pregnancy because they did not experience the 
anticipated rise in LH and FSH levels before estrus (90).  

2.4.3. Obesity-mediated alterations in immunity

The cultivation of embryos requires maternal immune 
tolerance. Abortion and unsuccessful embryonic 
implantation originate from the maternal immune 
system rejecting the embryo after the immunological 
tolerance has been compromised. Parker et al. found 
that the expression of uterine CD8+ cells was reduced 
by nearly 40% in HFD-fed mice, suggesting that 
obesity could adversely affect maternal immunological 
adaptation (91). Thus, excessive fat may contribute to 
the development of AIDs. Long et al. reported that IL-18 
was significantly overexpressed in the endometrium of 
overweight patients with PCOS at the proliferative stage 
(89), its overexpression increased IFN-γ production, and 
led to chronic low-grade inflammation. Parker et al. fed 
C57/BL6 mice with a high fat/sugar diet for 12 weeks 
to establish an obese mouse model, and mice were fed 
with a low fat/sugar diet as control. Progesterone and 
prolactin levels in plasma were measured at 7.5 days 
after copulation. The results showed that the percentage 
of NK cells and the expression level of IFN-γ were 
significantly reduced in obese mice. Besides, IFN-γ is 

involved in supporting uterine spiral artery remodeling 
and decidualization (91). Therefore, it could be 
hypothesized that obesity during the first trimester of 
pregnancy could inhibit angiogenesis by upregulating 
IL-18 expression level and downregulating IFN-γ 
expression level in NK cells.

2.4.4. Internal secretion

Leptin is an adipocytokine synthesized and secreted 
into the blood by lipocytes. It was demonstrated that 
HFD-fed mice had gut microbiota-associated diseases, 
which accelerated the leptin response (78). Leptin 
can not only activate adenosine-activated protein 
kinase (AMPK) signal transduction pathway, but also 
directly regulate lipid metabolism. It can also mediate 
phosphatidylinositol 3-kinase signaling pathway through 
binding to its receptor in hypothalamus, promoting 
insulin sensitivity. Leptin resistance can develop 
from a noticeable drop in the sensitivity of the leptin 
receptor caused by an increase in blood levels of the 
hormone (92). Leptin resistance may lead to metabolic 
disorders and promote IR (93). In addition to leptin, the 
dysbiosis of intestinal microbiome caused by an HFD 
may also lead to adiponectin resistance. Furthermore, 
adiponectin, an insulin-sensitizing hormone, promotes 
fatty acid oxidation and reduces triglyceride level in the 
muscle and liver of obese mice by activating the AMPK 
signaling pathway. Adiponectin resistance decreases fatty 
acid oxidation by inhibiting AMPK activity. Moreover, 
adiponectin resistance impairs phosphorylation of 
important insulin signaling proteins (Akt and AS160) 
in muscle. Ultimately, adiponectin resistance decreases 
insulin sensitivity and IR (94). 
	 It is noteworthy that overweight individuals are 
at a lower risk of HHcy. A growing body of evidence 
demonstrated that the gut microbiota affects the blood 
homocysteine level of obese individuals, causing RPL. 
However, research has shown that folic acid generated 
by Bifidobacterium longum in the human intestines could 
lower the homocysteine level in individuals receiving 
hemodialysis (95). HHcy can damage endothelial cells 
by inhibiting the activity of glutathione oxidase and 
promoting the formation of peroxides. Further increase 
of the production of chemokines and cell adhesion 
molecules could promote platelet thrombosis, enhancing 
coagulation and preventing anticoagulation (52).

2.4.5. Uterine receptivity

Uterine receptivity is controlled by the activation of self-
regulating feedback loops of decidual stromal cells in 
the subluminal epithelium. For pregnancy to succeed, 
the endometrium should engage with an embryo, and 
the embryo is implanted into the decidual matrix. 
However, obesity may cause decreased endometrial 
receptivity and poor endometrial decidualization during 
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implantation. Endometrial stromal cells in decidua after 
being transformed to the biosensor might cause decidual 
chemical harm to the PRL mechanism because they are 
extremely fatty to provide enough decidual response 
when they are implanted (96). Rhee et al. mated female 
mice after 12 weeks of HFD and high-sugar diet and 
found that the number of syncytia in decidua after 
fertilization was significantly lower than that in female 
mice with a normal diet. They performed diagnostic 
curettage under hysteroscopy in obese women with 
BMI ≥ 30 kg/m2 and normal women with BMI < 25 
kg/m2. The expression levels of prolactin and insulin-
like binding protein in the endometrial decidua in the 
obese group were lower than those in the normal weight 
group. These two factors are important markers for 
endometrial decidua (97). Yu et al. found that β-sitosterol 
might regulate the endometrial receptivity of patients 
with PCOS by changes in the structure and composition 
of the gut microbiome (98). Hence, changes in the 
gut microbiome can be associated with endometrial 
receptivity, and further relevant research should be 
conducted in the future.

2.4.6. Prethrombotic state (PTS)

Although there is strong evidence indicating the 
association of the gut microbiome with an elevated 
risk of obesity, which in turn increases the risk of the 
PTS, there is no clear, direct method in which the 
gut microbiota is associated with the PTS. The PTS, 
which has been identified as a significant contributor to 
RPL, is a pathological hypercoagulant condition and a 
pathological process of coagulation and anticoagulation 
system dysfunction in the body. Obesity is a risk factor 
for PTS and increases the expression levels of plasma 
plasminogen activator inhibitor-1 and tissue factor (TF). 
TF drives several aspects of metabolic disorders through 
the G-protein-coupled protein-activated receptor (PAR2, 
PAR1) signaling pathway. TF-PAR2 signaling pathway 
in adipocytes leads to diet-induced obesity by attenuating 
metabolism, while TF-PAR2 signaling pathway in 
hematopoietic and myeloid cells causes inflammation. 
As a result, this inflammatory effect could activate TF-
induced clotting, and the two reinforce each other, 
leading to a vicious cycle (99).

3. Conclusions and future prospects

In  recent  years ,  a  growing body of  evidence 
demonstrated the association of the gut microbiota with 
a variety of diseases. Previous research suggested that 
the gut microbiome could respond to RPL, however, 
few studies have reported a direct correlation between 
RPL and intestinal microbes. Therefore, numerous 
physiological and pathological mechanisms need to 
be confirmed. In this review, the effects of the gut 
microbiome on RPL were discussed to be related 

to inflammatory response, the disruption of insulin 
signaling pathway and the formation of IR, maintenance 
of immunological tolerance at the maternal-fetal 
interface due to the interference with the immune 
imbalance of Treg/Th17 cells, and obesity. Exploring 
the effects of the gut microbiome on RPL is suggested 
via further research on the cytokines and signaling 
pathways involved in the pathogenesis of RPL caused 
by microorganisms, which may be beneficial for clinical 
prevention and treatment of RPL. 
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The use of harmful solvents during the preparation of pharmaceutical formulations is restricted to 
preserve environment and ensure safety of industrial operations. However, harmful solvents must 
be used to produce certain formulations. For instance, methylene chloride has been used in the 
fabrication of polylactic acid (PLA) and poly(lactic-co-glycolic) acid (PLGA) microspheres. This 
review highlights the latest advances in the strategy of PLA or PLGA microsphere production from 
non-halogenated solvents and describes advantages and limitations of these methods. The study 
also discusses the development of dry fabrication techniques for microsphere fabrication and the 
positioning of conventional and dry fabrication in the containment concept for workers' safety.

1. Introduction

Microsphere formulations play an important role in 
clinical drug therapy of various disorders. In drug 
delivery systems, microspheres are primarily used to 
control drug release. Most microsphere preparations 
for controlled drug release have particle sizes of several 
microns. The particle size determines the type of 
application. Microspheres with a size of 100-1,000 µm 
or more are mainly used as oral preparations, whereas 
microspheres with sizes ranging from several to tens 
of micrometers are used for injections. Long-acting 
injectable (LAI) microspheres are made of biodegradable 
polymers, including polylactic acid (PLA) and lactic 
acid-glycolic acid copolymer (PLGA).
	 The method for producing microspheres can be 
categorized based on the target particle size. For 
microspheres of 100 μm or more, a fabrication method 
by coating the core particles is mainly adopted, using 
a coating machine such as fluidized and tumbling 
fluidized bed coating machine. The conventional coating 
machine produces microspheres with sizes of several 
hundred micrometers. Because smaller microspheres 
tend to aggregate during the fabrication process, for their 
production, the coating machine needs to be equipped 
with specific functions. The Wurster method, utilized 
in one type of fluidized bed coating machines, can be 
used to produce microspheres of 100 μm (1) or smaller; 
however, it is difficult to obtain primary particles of 20-

50 μm (2). In contrast, in the production of microspheres 
of 100 μm or smaller, spray drying and solvent 
evaporation from emulsion formation are generally 
performed (3). Figure 1 shows the scheme of particle 
production using an oil-in-water-type emulsion-solvent 
evaporation method. Low boiling point, water-insoluble 
solvents, such as methylene chloride, are used to dissolve 
the polymer and form the oil phase, in which the drug is 
then dissolved or dispersed. The oil is emulsified in an 
aqueous solution containing an emulsion stabilizer, such 
as polyvinyl alcohol, to form an oil-in-water emulsion. 
The emulsification process determines microsphere 
particle size, which can be regulated by adjusting 
the emulsification sheering speed and surfactant 
concentration, so that oil droplets reach the target size. 
After the emulsification process, the obtained emulsion is 
stirred to remove the solvent from the oil droplets, which 
are solidified as microspheres by heating and pressure 
reduction, if necessary. The collected microspheres are 
washed with water and dried by freeze-drying, typically 
used to ensure good dispersibility. If necessary, the 
freeze-dried microspheres can be filled into vials by a 
powder-filling machine.
	 Fabrication of microspheres using coating machines 
usually uses water and less harmful solvents, such as 
ethanol. Some methods require no solvent at all (4). 
In contrast, harmful solvents are commonly used in 
microsphere fabrication by solvent evaporation, which 
is a problem that needs to be resolved. In addition, 
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workers' exposure to active pharmaceutical ingredients 
(API) can occur (Figure 1). This review mainly 
discusses the solutions proposed to solve the problems 
of the solvents used for the fabrication process of LAI 
microsphere formulations. The containment concept for 
workers' safety is explored in the microencapsulation 
of compounds with high pharmacological activity or 
toxicity. We hope that this review will promote further 
research into harmless and ecologically sound fabrication 
methods for LAI microsphere formulations.

2. Reduction of residual solvent content in PLGA 
microspheres

For the solvent evaporation method, it is instructed that 
a solvent should meet the following criteria: i) ability to 
dissolve the chosen polymer, ii) poor solubility in the 
continuous phase, iii) high volatility and low boiling 
point, and iv) low toxicity (5). In general, when PLGA 
microspheres are prepared by an oil-in-water-type 
emulsion-solvent evaporation method, it is common to 
use a halogen-based water-insoluble volatile organic 
solvent, such as methylene chloride, to dissolve PLGA 
because such solvents meet the criteria i), ii), and iii). 
However, halogen-containing organic solvents are highly 
toxic to the human body and have a significant impact 
on the environment. In the pharmaceutical industry, the 
use of such solvents is not prohibited, but the amount of 
the residual solvent in pharmaceuticals is regulated. For 
example, methylene chloride is categorized as a class 2 
solvent, and its concentration limit was set at 600 ppm by 
ICH Q3C (R6) guideline of the International Conference 
on Harmonization of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH), 
organized by the regulatory authorities of Japan, Europe, 

and the United States, and the 18th edition of the Japanese 
Pharmacopoeia (6).
	 In the oil-in-water-type emulsion-solvent evaporation 
method, the solvent removal process includes solvent 
extraction from the oil phase into the water phase and 
solvent evaporation from the water phase into the vapor 
phase (5,7). Solvent extraction occurs at the beginning 
of the process to reach the saturated solubility of the 
solvent in the water phase immediately before solvent 
evaporation occur simultaneously (8-11). The state 
of the dispersed phase that includes PLGA changes 
from liquid to gel as the solvent extraction/evaporation 
process progresses (7). As the state of the oil phase 
changes from liquid to gel and solid, the diffusion 
coefficient of the solvent decreases in the dispersed 
phase. The speed of solvent extraction from the liquid 
state of the oil phase varies negligibly at the start of the 
emulsification process, despite the differences in oil 
phase sizes. In fact, it has been reported that the solvent 
was extracted in approximately 10 s during fabrication 
of microparticles with mode diameters of 2 µm and 20 
µm (7). However, the speed of solvent extraction from 
the oil phase in gel state depends on the size of the oil 
phase and temperature. In our preliminary study, the 
residual methylene chloride in PLGA microspheres of 
approximately 10 and 40 µm, which were fabricated at 
25℃ for 3 h using the solvent evaporation method, was 
500-700 and 2,000-3,000 ppm, respectively. For the 
encapsulation of water-insoluble drugs, reduction of the 
microsphere size is an effective approach to decrease 
the concentration of the residual solvent. Increasing 
the temperature during solvent evaporation is another 
effective approach. However, for the microencapsulation 
of water-soluble drugs, the reduction of particle size and 
solvent evaporation/extraction at higher temperatures are 
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Figure 1. Solvent evaporation procedure for fabricating LAI microspheres. Dash line frame indicates the example of the risk points for 
workers’ exposure to harmful ingredients or products; (A) charging ingredients in the oil phase preparation process, (B) charging oil phase in 
an emulsification process, (C) discharging the collected microspheres in a microspheres collection process, (D) charging and discharging the 
collected microspheres into a freeze dryer in the freeze-drying process, and (E) charging freeze-dried microspheres in a powder filling process.
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The immersion of water in the oil phase causes the 
formation of micropores in the fabricated microspheres, 
which explains their low transparency. The porosity 
caused by the immersion of water also often decreases 
the efficiency of water-soluble drug encapsulation (22). 
Ethyl formate (23,24) and methyl propionate (25) have 
also been proposed as candidates to substitute methylene 
chloride for microsphere fabrication. A report shows 
that ethyl formate surpasses ethyl acetate in relation 
to volatility and water miscibility, which improves 
microsphere manufacturing process, helping to produce 
PLGA microspheres with better quality in terms of 
drug crystallization, drug encapsulation efficiency, 
microsphere size homogeneity, and residual solvent 
content (23,24).
	 Among other low toxicity solvents, acetone is 
another good option for PLGA and PLA microsphere 
production (26-28). Acetone is a popular solvent in 
industrial applications. Because acetone is miscible 
with water, it cannot form an emulsion, so the method 
of solvent evaporation from an oil-in-water emulsion is 
not applicable. However, phase separation occurs in the 
aqueous glycerin solution, when glycerin concentration 
is above a certain level (Figure 2A). Therefore, if a 
glycerin solution containing polyvinyl alcohol is used 
as the continuous phase, a polymer acetone solution 
can be emulsified as a dispersed phase. Microspheres 
can then be obtained by extracting the solvent from 
the dispersed phase by increasing the water content in 
the continuous phase. Figure 2B shows the dissolution 
of cyanocobalamin from PLGA microspheres. The 
dissolution was confirmed to be equivalent to that 
from conventional microspheres prepared using 
methylene chloride. Encapsulation efficiency of the 
resultant microspheres was also equivalent to that of the 
microspheres prepared with methylene chloride (26,27).

4. Development of a dry, solventless method for 
microsphere manufacturing

The manufacturing method introduced in the previous 
section uses a low toxicity organic solvent. In the 
fabrication of microspheres releasing controlled drugs, 
using an organic solvent is considered fundamental to 
PLGA microsphere fabrication because water-insoluble 
PLGA is required to dissolve in order to encapsulate the 
drug. However, because these organic solvents still have 
some negative effect on the environment despite their 
low toxicity, their use requires setting up the equipment 
for solvent recovery. Nonetheless, social demand for 
the development of fabrication methods that do not use 
organic solvents is increasing.
	 Mechanofusion is a dry manufacturing method used 
in fine particle design, whereby composite particles are 
obtained by attaching guest particles on the surface of 
core (host) particles for surface modification purposes 
(29-31). There are many commercially available 

not always possible in a proper approach. For smaller 
microspheres, extraction of a water-soluble drug into 
the water phase during the process increases, resulting 
in low encapsulation efficiency (12). In addition, the 
initial burst release was reported to increase during 
fabrication at higher temperature (12-14). The reduction 
in particle size and high-temperature fabrication can be a 
disadvantage for the properties of microspheres, although 
residual solvents can be reduced. Heating the dried 
(water removed) hardened microspheres with mannitol 
is an effective approach to solve the problem of residual 
solvents and improve other properties of microspheres, 
as this procedure guarantees the maintenance of 
encapsulation efficiency. Heating over the glass 
transition temperature of a base ingredient increases the 
diffusion coefficient in solidified microspheres, thereby 
reducing residual solvent. However, heating over the 
glass transition temperature can induce aggregation 
and deformation of the microspheres. Mannitol is a 
commonly used inactive ingredient in the lyophilization 
process that prevents aggregation. Co-heating with 
mannitol also suppresses aggregation. For example, co-
heating microspheres with mannitol at a temperature 
3-5℃ higher than glass transition temperature for 24-120 
h reduced the low level of residual methylene chloride 
(< 100 ppm) without microspheres aggregation or 
deformation and suppressed an initial burst release (15).

3 .  D e v e l o p m e n t  o f  a  P L G A m i c r o s p h e r e 
manufacturing method using low toxicity solvent

As we mentioned above, halogenated organic solvents 
have restricted industrial use owing to their toxicity 
and potential damage to the environment. Several less 
harmful solvents have been investigated as substitute 
solvents for the fabrication of PLGA microspheres. 
These solvents are classified as low toxicity solvents and 
are regulated by Good Manufacturing Practice or other 
quality standards described in guideline Q3C (R6) of the 
ICH and the 18th edition of the Japanese Pharmacopoeia. 
Ethyl acetate is a class 3, non-halogenated, low toxicity 
solvent, which is most used for the fabrication of PLGA 
microspheres as a substitute for halogenated solvents 
(16-21). Ethyl acetate has a boiling point of 77℃ and 
a water solubility of 8.7 g/100 mL at 20℃, which are 
higher than those of methylene chloride. Therefore, in 
the case of ethyl acetate, solvent extraction rather than 
evaporation is the dominant mechanism of solidifying 
PLGA microspheres during fabrication. Although 
methylene chloride can contain very little water, ethyl 
acetate contains more, which leads to the immersion 
of water-in-oil phase of ethyl acetate during the 
emulsification process and formation of microspheres 
with a rough surface. PLGA microspheres prepared with 
the use of methylene chloride have high transparency, 
whereas those prepared using ethyl acetate often have 
low transparency during optical microscopic observation. 
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formulation machines for mechanofusion technology. 
Following physical impact provided by these machines, 
van der Waals and electrostatic forces between particles 
as well as mechanochemical bonding forces are 
generated when particles collide. In general, the binding 
force between particles is relatively weak and considered 
unsuitable for the controlled release of water-soluble 
drugs. Furthermore, because the guest particles are 
usually smaller than the host particles, it is necessary 
to use nanoparticles as guest particles to fabricate 
particles of several to tens of micrometers using the 
mechanofusion method. In applying nanoparticles to the 
mechanofusion method, the preparation of soft-ordered 
nanocomposite particles with tens of micrometers for 
inhalation has been reported (32,33).

	 A dry manufacturing method can be introduced to 
fabricate sustained-release microspheres using a higher 
physical force than that of the mechanofusion machine 
(34-36). This method can use common manufacturing 
equipment such as a ball mill (34). A characteristic 
feature of this method is that milling is performed at a 
relatively low speed for a long time, so that the sample 
temperature does not become excessively high. An 
example of ball-milled pulverized quinine hydrochloride 
powder and carnauba wax is shown in Figures 3A and 
3B. The obtained microspheres had an average particle 
size of approximately 10 µm, and their morphology 
changed from irregular to rounded particles as milling 
time increased (Figure 3A). In addition, the drug release 
time was also prolonged with milling time (Figure 

Figure 2. Microsphere fabrication using acetone as solvent in the oil phase. (A) Phase diagram of the acetone-glycerin-water ternary system 
(26). (B) Dissolution profiles of cyanocobalamin from poly(lactic-co-glycolic) acid microspheres fabricated using the acetone-glycerin-water 
ternary system: ●, microspheres fabrication using acetone; ■, microspheres fabrication using methylene chloride (conventional method) (26).

Figure 3. Method of solventless dry microsphere fabrication using a ball mill. (A) Influence of the milling time on the morphology of 
carnauba wax microspheres (34). (B) Influence of milling time on the duration of quinine release from carnauba wax microspheres: ■, pulverized 
quinine; ▲, milling time 0.5 h; ○, milling time 6 h; ●, milling time 12 h (34). (C) Cyanocobalamin release from poly(lactic-co-glycolic) acid 
microspheres: ●, solventless dry fabrication method; ■, conventional solvent evaporation method using methylene chloride (35).
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3B). When particles smaller than 10 μm undergo dry 
pulverization with a ball mill, it is difficult to further 
decrease their sizes because agglomeration between 
particles rather than reduction in their size becomes a 
dominant process. As milling progresses, the coating 
materials with a large particle size become finer, but 
particle size of the pulverized drug powder is retained. 
The fine coating material particles generated during 
milling collide and become attached to the drug particles, 
forming agglomerates. When a coating material with 
a low melting point or a low softening point is used, 
melting occurs in the limited area at the collision point 
owing to the thermal energy generated by the collision 
between the particles and during prolonged processing, 
the melted part stochastically spreads over the entire 
particle and, as a result, fills the gaps in the composite 
particles.
	 This method also allows for the fabrication of PLGA 
microspheres (35). Figure 3C shows a profile of drug 
release from microspheres fabricated by ball milling 
finely ground cyanocobalamin powder and PLGA. 
Fabrication of conventional microspheres by the oil-
in-water emulsion-solvent evaporation method using 
methylene chloride is accompanied by some drug 
loss, which was not observed during manufacturing of 
microspheres by ball milling. In addition, microspheres 
manufactured by the latter method showed drug release 
equivalent to microspheres fabricated by the solvent 
evaporation method. The morphology of the particles 
obtained by ball milling was irregular, whereas the 
conventional method generated spherical particles. 
Unlike carnauba, PLGA has a low plasticity to form a 
spherical shape. Ball milling is considered inefficient 
in providing enough energy generated by the collision 
between the PLGA particles to form a spherical shape.
	 Technologies using pulverizers other than ball mill 
were also used for the fabrication of microspheres. The 
preparation of protein-loaded microparticles using a jet 
mill has been reported (36). This technology produces 
spherical microparticles owing to the stronger force 
generated by the jet mill compared to that of the ball 
mill. The spherical shape allows better redispersion of 
the microparticles and easier passage through the needle 
during injection.
	 An additional feature of the dry fabrication method 
using a ball mill is its high airtightness owing to the 
excellent sealing performance of the ball mill. This 
property is advantageous for the aseptic preparation 
and containment fabrication of microspheres containing 
highly pharmacologically active substances.

5. Future prospective for harmless and ecologically 
acceptable LAI fabrication

To summarize and provide a prospective view, because 
some organic solvents used in manufacturing affect 
workers' health and the environment through exposure 

and leakage, respectively, there is an increasing social 
demand for harmless and ecologically acceptable 
fabrication technologies. Concerns are raised not only 
about solvents, but also about encapsulated drugs. Over 
the past decade, the impact of biotechnology on the 
global pharmaceutical industry has led to technological 
breakthroughs in new manufacturing and formulations. 
Biopharmaceutical formulations based on new drug 
delivery technologies are a significant value-added 
proposition. Although the dose of a drug encapsulated in 
LAI microspheres is limited, biological drugs with high 
pharmacological activity show efficacy in very low doses 
and are considered compatible with such microsphere 
formulations. Thus, the launch of LAI microsphere-
encapsulated biopharmaceuticals is expected to increase. 
However, their manufacturing often inevitably includes 
a process that is harmful or environmentally unfriendly 
owing to their high pharmacological activity. Food 
and Drug Administration commented the following on 
workers' safety against exposure; "ICH Q7 does not 
define high pharmacological activity or toxicity; these 
characteristics are generally determined by evaluating 
relevant animal and human data collected during 
research and development. Important considerations in 
this evaluation of pharmacological activity or toxicity 
may include occupational exposure limit (OEL), 
permitted daily exposure (PDE), acceptable daily 
exposure (ADE), the threshold for toxicological concerns 
(TTC), no observed adverse effect level (NOAEL), and 
the consequences of cross-contamination" (37). Among 
these values, OELs, widely used for categorization, 
are regulatory values which indicate levels of exposure 
that are considered safe (health-based) for a chemical 
substance in the air of a workplace (38). Due to strict 
regulatory definitions, pharmaceutical companies set 
their own containment strategy by categorizing active 
pharmaceutical ingredients based on their individual 
OELs (39). The control approach is set using decision 
tools based on product OEL and exposure potential, such 
as substance allocated to dustiness or volatility band and a 
band for the scale of use (40). Moreover, the containment 
pyramid is commonly used as a decision tool (41). In 
general, rigid isolators, ventilated laminar flow cabinets, 
custom-designed glove bags, and bag-in/bag-out 
systems are used for the containment control approach 
(42). As the risk categorization increases, the system 
used to prevent exposure should become rigorous. For 
example, according to the Health and Safety Executive 
(HSE) of a United Kingdom government agency, as 
the categorization levels increase, the system should 
be selected in the order of general ventilation, local 
exhaust ventilation, full enclosures and containment, and 
expert advice (40). For LAI microspheres preparation, 
the containment level will not only be high if a high 
pharmacological activity drug is microencapsulated, 
but exposure potential will increase. LAI microsphere 
preparation by the conventional evaporation method 
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is inconvenient to these closed systems. In a closed 
system operation, the risk of breaking the closed system 
will increase when charging materials and solvents or 
discharging samples. LAI microspheres preparation 
includes lots of possible charging/discharging points due 
to its complicated procedure (Figure 1). The numbers 
of exposure risk points are considerably more than the 
ordinary injection formulations prepared by filling the 
API solution into vials. In addition, a solvent-recovering 
device for the evaporated solvents should be installed in/
with the closed system. In contrast, the techniques that 
can guarantee containment, such as the dry fabrication 
method using a ball mill, can reduce the charging/
discharging opportunities and the risk of workers' 
exposure to harmful ingredients or products.

6. Conclusion

In conclusion, harmless and ecologically acceptable 
fabrication technologies, such as containment and dry 
fabrication, enable safer and easier manufacturing of PLA 
or PLGA microspheres and facilitate the development of 
LAI formulations for biopharmaceuticals, which include 
microspheres as drug carriers.
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The coronavirus disease 2019 (COVID-19) vaccines have been shown to be effective in protecting 
people from severe disease progression, hospitalisation and death. However, a wide range of side 
effects have been reported worldwide. New onset or flare-up of autoimmune hepatitis (AIH) is 
an extremely rare adverse event following COVID-19 vaccination, with the majority of cases 
presenting with mild symptoms. Unfortunately, there have been cases of fatal complications. In this 
mini-review, we have summarised the clinical characteristics of a total of 35 currently reported cases 
of AIH after COVID-19 vaccination and suggest that patients with autoimmune diseases may be at 
higher risk of developing AIH after vaccination.

Coronavirus disease 2019 (COVID-19) vaccines are 
becoming an important means of reducing the likelihood 
of severe progression and death from infection, and may 
also act as a risk factor for the induction of autoimmune 
phenomena. Recently, there have been increasing 
reports of autoimmune disease flares or new onset after 
COVID-19 vaccination, ranging from mild to life-
threatening. It is therefore necessary to develop effective 
strategies to identify and manage these adverse events 
in routine clinical practice. With more than 60% of the 
world's population having received at least one dose of 
the vaccine, there is an opportunity to further investigate 
the rare adverse events, particularly those not reported 
in the original trials.
	 Autoimmune hepatitis (AIH) after COVID-19 
vaccination was first reported by Bril et al. (1). To 
the best of our knowledge, a total of 35 cases of AIH 
following COVID-19 vaccination have been reported 
worldwide, including two deaths (Table 1) (1-26). 
AIH after COVID-19 vaccination has been observed 
with mRNA vaccines (mRNA-1273; BNT162b2), 
recombinant  adenovirus vaccines (ChAdOx1; 
Covishield) and inactivated vaccines (CoronaVac; 
Sinopharm). Patients range in age from 35 to 89 years 
with a female predominance (80%) and no cases have 
been reported in children or adolescents. Jaundice, 
pruritus, choluria and asthenia are the most common 
manifestations at onset, except in three cases which 
were asymptomatic and only hypertransaminasemia was 
found on routine liver function tests (9,10,17). Of these 

three cases, two developed obvious symptoms after a 
latency period of 5 weeks, while the other remained 
asymptomatic and liver enzymes returned to normal 
levels after steroid therapy (9).
	 The majority of cases occurred 1-3 weeks after 
the first dose of COVID-19 vaccine, but several cases 
showed rapid onset at 2-3 days, while one late case 
occurred 51 days after vaccination. Five cases showed 
significant symptoms 2 days to 3 weeks after the second 
dose of vaccine, and one case of AIH flare-up occurred 
after the third dose of vaccine (26). Usually, symptoms 
after the first dose were mild or non-specific and became 
more obvious or worse with the second dose. In general, 
physical and imaging examinations showed no obvious 
positive findings, except for occasional hepatomegaly. 
Levels of total/direct bilirubin, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma 
glutamyl transferase (GGT), alkaline phosphatase (ALP) 
and international normalised ratio (INR) were elevated 
in the early phase of the disease in most cases, and no 
hepatophilic virus tests were positive, except in one case 
with a history of HCV treatment (24).
	 Anti-nuclear antibodies (ANA) were positive in 
the majority of AIH cases, mainly with a haemorrhagic 
or speckled pattern. The second most common 
autoantibody was anti-smooth muscle antibody 
(ASMA). Four cases were negative for autoantibodies 
(2,4,5,18). Total IgG was often elevated in most cases. 
Although the efficacy of these COVID-19 vaccines has 
not been fully reported, two cases had an extremely 
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high vaccine antibody titre of 1,000 fold the upper 
normal level (4,5).
	 Histology of liver biopsies revealed typical AIH 
characterised by interface hepatitis, lymphoplasmacytic 
infiltrate and varying degrees of hepatocyte necrosis 
from scattered to widespread. Ten cases were classified 
as definite AIH according to simplified or revised 
systems. Eosinophilic infiltrate was found in 8 cases, 
and 4 cases showed ductal reaction, characterised by 
proliferation of reactive bile ducts induced by liver 
injury. In addition, significant hepatic fibrosis was 
observed in one fifth of the cases, suggesting the 
possibility of pre-existing subclinical liver disease in 
some patients.
	 Most patients with AIH had a good response 
to steroid treatment and no relapses were reported 
after drug-withdrawal. Two cases with poor steroid 
response died of liver failure (2,3). The deceased 
patients were not receiving concomitant life-threatening 
medications prior to COVID-19 vaccination. There was 
also no significant difference in the onset of clinical 
manifestations between the deceased and cured cases, 
except that one deceased case had two episodes of 
jaundice in the past decades (2).
	 There appears to be an association between the 
occurrence of AIH and the patients' pre-existing 
autoimmunity. At least 7 cases had an autoimmune 
disorder prior to COVID-19 vaccination, including 
Hash imoto ' s  thyro id i t i s  (3  cases )  (7 ,11 ,16 ) , 
primary sclerosing cholangitis (2 cases) (8,14), 
glomerulonephritis (1 case) (16), sarcoidosis (1 case) 
(9), and celiac disease (1 case) (2,3). Two patients with 
AIH had a history of symptomatic COVID-19 infection 
(7,11), both in the context of Hashimoto's thyroiditis.
	 More recently, Brubaker et al. (25) described a 
35-year-old female AIH patient in remission who had 
a relapse two weeks after the second dose of mRNA 
vaccination. Mahalingham et al. (26) reported a stable 
post-transplant AIH patient who had a flare coinciding 
with mRNA vaccination. Therefore, COVID-19 
vaccination may not only trigger the onset of AIH, but 
also promote immune reactivation. Although objective 
causality has not yet been established, the time course 
from vaccination to altered liver manifestations was 
significant in almost all reported cases. A significant 
percentage of patients had a history of liver-damaging 
drugs, suggesting that AIH following COVID-19 
vaccination may be drug-induced rather than vaccine-
induced. Liver histology in some cases also showed a 
marked eosinophilic infiltrate, characteristic of drug-
induced autoimmune hepatitis (DIAIH). However, there 
are two lines of evidence against this possibility: firstly, 
DIAIH usually has a latency period of 2 to 24 weeks 
after drug treatment, and secondly, no recurrence has 
been observed after withdrawal of glucocorticoids in 
all reported cases. Therefore, it is now widely accepted 
that vaccines, which stimulate an abnormal immune 

response, are the main cause of AIH. Another important 
piece of evidence is that antibodies against the spike 
protein S1 of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) had a high affinity for 
human liver proteins such as transglutaminase (27), 
suggesting that vaccination may directly induce spike-
directed antibodies and thus autoimmune hepatocyte 
damage in predisposed individuals.
	 Although the underlying mechanisms have not been 
elucidated, various hypotheses have been suggested to 
establish a relationship between clinical manifestations 
of AIH and the active ingredients and adjuvants of 
vaccines (28). One of the major explanations for 
AIH following COVID-19 vaccines, particularly 
inactivated ones, is molecular mimicry, which is 
based on significant homology between amino acid 
sequences of vaccine determinants and prominent 
liver antigens (22). Moreover, the incorporation of 
lipid nanoparticle and adenovirus vectors in recently 
authorized vaccines could potentially enhance the 
inflammatory background, consequently resulting in an 
amplified immune response. Recent studies have also 
suggested that various types of vaccines may facilitate 
the promotion of autoimmunity through different 
mechanisms. mRNA vaccines may bind to pattern 
recognition receptors (PRRs) like Toll-like receptor 7 
(TLR7), initiating multiple pro-inflammatory cascades, 
while adenovirus vaccines may activate innate immune 
responses by involving TLR9 to produce type 1 
interferon secretion (29).
	 Another special group that requires our attention 
are vaccinated children. Clinical manifestations of AIH 
in children can be very variable, ranging from acute to 
chronic or even silent presentations (30). Although AIH 
after COVID-19 vaccination has not been reported in 
children and adolescents, several subclinical cases with 
hypertransaminasemia have been reported, suggesting 
that AIH may be a potential complication of vaccination 
in this population. Therefore, it is important to monitor 
vaccinated children for signs and symptoms of AIH, as 
it is possible that the cases identified now are just the tip 
of the iceberg, and as the vaccinated population expands 
to include children, asymptomatic or symptomatic 
paediatric AIH following COVID-19 vaccination may 
emerge in the near future. In children with abnormal 
liver function tests after COVID-19 vaccination, AIH 
should be considered and early diagnosis must be made 
to avoid progression to cirrhosis without treatment.
	 There is no doubt that vaccines have an important 
role to play in controlling the COVID-19 pandemic. As 
a large percentage of the world's population has been 
rapidly vaccinated, particularly with the introduction 
of mRNA vaccines in humans for the first time, in 
addition to the benefits of vaccination, some rare but 
serious adverse events are becoming more apparent. A 
number of autoimmune phenomena have been reported 
following COVID-19 vaccination, with different 
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clinical manifestations adding to the complexity of the 
existing human disease spectrum. As a life-threatening 
autoimmune adverse event, the risk assessment of AIH 
before and after COVID-19 vaccination should be of 
particular concern. Therefore, more efforts are needed 
to evaluate the predisposing autoimmune situation 
before and after COVID-19 vaccination. Furthermore, 
although a clear association between COVID-19 
vaccination and AIH has been established, multicentre, 
prospective, longitudinal studies enrolling patients 
worldwide should be conducted in the future to clarify 
the clinical diversity, detailed pathological mechanisms, 
outcome prediction and management.
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The development of new anti-HIV drugs and advances in antiretroviral therapy (ART) regimens 
have enabled longer and more effective treatments in people living with HIV (PLWH). However, 
the aging of PLWHs is another issue that needs to be addressed. In addition to ART, many PLWHs 
frequently receive medications for various comorbidities. However, real-world data on the 
occurrence of adverse events in PLWHs and their causative drugs are rare. Therefore, this study 
aimed to clarify the characteristics of adverse event reports among PLWHs in Japan. PLWH cases 
with adverse events were comprehensively searched and analyzed using the Japanese Adverse Drug 
Event Report database (JADER). Despite changes in guideline-recommended ART regimens, anti-
HIV drugs were the main cause of adverse events in PLWHs throughout the study period. However, 
considerable variations have been observed in the reporting rate of anti-HIV drug classes registered 
as causative drugs in JADER, especially for anchor drugs. In other words, the reporting rate of 
integrase strand transfer inhibitors has increased in recent years, while that of protease inhibitors and 
non-nucleoside reverse transcriptase inhibitors has decreased. Immune reconstitution inflammatory 
syndrome was the most reported adverse event and was frequently noticed by healthcare providers 
managing patients with HIV infections. The trends in adverse event reports for female and older 
patients differed from those for the overall population. This study may provide insights that can help 
in the establishment of optimal management strategies for PLWHs.

1. Introduction

Current World Health Organization and most national 
guidelines recommend the initiation of antiretroviral 
therapy (ART) for all people living with human 
immunodeficiency virus (HIV) (PLWH) regardless of 
clinical or immune status (1-3). In Japan, combination 
antiretroviral therapy (cART) with three or more anti-
HIV drugs has become available since 1997, and this 
has inhibited viral proliferation and restored immunity 
in PLWH (4). However, early ART regimens have many 
clinical limitations, such as various adverse events, 
interactions with concomitant drugs and food, and a 
high pill burden (5). The development of antiviral drugs, 
especially anti-HIV drugs, has been a remarkable feat 
(6). Furthermore, anti-HIV drugs developed in recent 
years have fewer problems than those developed earlier 

(5). Five classes of anti-HIV drugs, classified based on 
their mechanism of action, are used in Japan: nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs), non-
nucleoside reverse transcriptase inhibitors (NNRTIs), 
protease inhibitors (PIs), integrase strand transfer 
inhibitors (INSTIs), and C-C chemokine receptor type 
5 antagonist (CCR5A) (3). HIV treatment guidelines 
generally recommend ART regimens that consist of two 
NRTIs as backbone drugs plus a third "anchor drug" 
from another drug class (INSTI, PI, or NNRTI) (1-3). 
However, with the advent of drugs with high anti-HIV 
activity in recent years, dual therapy regimens have 
become an option for eligible patients (7). All in all, the 
treatment modalities for HIV infection are frequently 
updated, and developing novel anti-HIV drugs and ART 
regimens has led to decreased HIV-related morbidity 
and mortality in PLWHs (8). However, HIV infection 
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is a chronic disease that cannot be cured by ART and 
thus needs lifelong treatment. In addition, an increasing 
lifetime risk of developing non-AIDS comorbidities 
owing to the increasing life expectancy and long-term 
use of ART among PLWHs has become a critical issue 
(9-12).
	 PLWHs are frequently prescribed drugs to prevent 
or treat opportunistic infections before or after cART 
initiation. In addition, with the increased life expectancy 
of PLWHs, new problems, such as the need for drug 
therapy for chronic complications associated with the 
aging of PLWH, have emerged (9-12). The proportion of 
older PLWHs (aged ≥ 50 years) with at least one chronic 
disease in addition to HIV exceeded 50% in a French 
study (9) and even reached 94% in a United States 
study (10). Regarding comorbidities among PLWHs 
in Japan, Naito et al. analyzed data from the National 
Database between 2009 and 2019 and found that 81.5% 
of the patients had chronic comorbidities (11). The most 
frequent comorbidities were diabetes, lipid disorders, 
psychiatric disorders, and hypertension. Therefore, the 
management of chronic diseases in PLWHs is becoming 
increasingly important. In addition, a previous study 
found that non-AIDS-defining cancers occurred more 
frequently in PLWHs aged ≥ 60 years, and this was 
attributed to an increase in older PLWHs (13). Therefore, 
cancer chemotherapy in PLWHs has also become an 
important consideration in the management of HIV 
infections.
	 Thus, PLWHs may frequently receive medications 
for various comorbidities in addition to ART. However, 
real-world data on the occurrence of adverse events in 
PLWHs and their causative drugs are rare. Therefore, 
this study aimed to comprehensively investigate and 
characterize the adverse event reports of PLWHs using 
the Japanese Adverse Drug Event Report database 
(JADER).

2. Materials and Methods

2.1. Data source

JADER is a large Japanese database that can be used 
to identify trends in the occurrence of adverse events; 
it is a spontaneously reporting database made publicly 
available by the Pharmaceuticals and Medical Devices 
Agency (https://www.pmda.go.jp). In this study, we 
downloaded and analyzed data registered in JADER in 
the period between April 2004 and March 2020. The 
database consists of four file types: "Demo" (patients' 
demographic information, such as sex and age), "Drug" 
(e.g., drug name [generic and product names], causal 
relationship), "Reac" (e.g., adverse events, clinical 
outcomes), and "Hist" (e.g., medical history, primary 
disease). Based on their level of involvement in adverse 
events, drugs in the "Drug" file were assigned to one of 
three categories: "suspected drug," "interaction," and 

"concomitant drug."

2.2. PLWH cases

Cases that included anti-HIV drugs (Table S1, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=148) in the "Drug" file and/or those that 
included terms related to HIV infection (Table S2, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=148) in their "Hist" file were selected as PLWH 
cases. Given that lamivudine, tenofovir disoproxil 
fumarate, and tenofovir arafenamide fumarate are also 
used to treat hepatitis B virus infection, cases judged to 
have been treated for diseases other than HIV infection 
or unknown based on the product name, dose, and 
medical history were excluded from the analysis. In 
addition, cases treated with zidovudine in combination 
with interferon alpha for low-grade adult T-cell leukemia 
lymphoma were also excluded. Moreover, cases treated 
with lopinavir/ritonavir combination, an anti-HIV drug 
that was used for COVID-19 treatment, were excluded.

2.3. Causative drugs

Drugs registered as "suspected drug" or "interaction" in 
JADER were redefined as "causative drug" of adverse 
events, and all causative drugs reported in PLWHs 
were counted. The main ingredients of fixed-dose 
combinations of anti-HIV drugs were also evaluated. In 
addition, anti-HIV drugs were classified into five classes 
(NRTI, NNRTI, PI, INSTI, and CCR5A/fusion inhibitor 
[FI]) based on their mechanism of action. Given that 
some anti-HIV drugs belong to same class, drug classes 
appearing more than once in the same report were 
counted only once.

2.4. Adverse events

Adverse events were analyzed using the preferred term 
(PT) and system organ class (SOC) in the Medical 
Dictionary for Regulatory Activities (MedDRA). In 
general, adverse events in JADER are based on PTs. 
As the top level of the MedDRA hierarchy, the SOC 
provides the broadest concepts for data retrieval. There 
are a total of 27 SOCs in MedDRA, and the analysis 
of adverse events coded by PT assigned to the SOC 
may better reflect the impact on an organ or system 
of the human body. In this study, all individual PTs 
were mapped to SOC based on MedDRA. Considering 
that some PTs may belong to more than one SOC, we 
counted all SOCs for each. Although different PTs were 
assigned to the same SOC within the same report after 
mapping, the duplicated SOC was only counted once.

2.5. Statistical analysis

Demographic characteristics, causative drugs, and 
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grouped into classes based on their mechanism of 
action, the reporting rate was higher for NRTIs (71.59%, 
2389/3,337 cases), PIs (41.32%, 1379/3,337 cases), 
INSTIs (26.16%, 873/3,337 cases), NNRTIs (19.60%, 
654/3,337 cases), and CCR5A/FI (1.68%, 56/3,337 
cases). Furthermore, Figure 2 shows the time trends. 
In FY 2004, the reporting rate of NRTI, the backbone 
drag, was 88.05% (280/318 cases), but it has declined to 
approximately 60-70% since FY 2014. For anchor drugs, 
the reporting rate of INSTIs had increased in recent 
years, whereas that of PIs and NNRTIs had decreased.
	 For non-anti-HIV drugs, the sulfamethoxazole/
trimethoprim combination, valganciclovir hydrochloride, 
doxorubicin hydrochloride, azithromycin hydrate, and 
atovaquone ranked high among causative drugs (Table 2). 
The reporting rates for drugs other than anti-HIV drugs 

adverse events were summarized descriptively based 
on the number of cases and their rates. All statistical 
analyses were performed using Microsoft® Excel® 2016 
(Microsoft Corp, Redmond, WA, USA).

3. Results

3.1. PLWH characteristics

Among the 640,991 cases registered in JADER during 
the study period, 3,337 cases were included in the 
analysis. Table 1 shows the background data for the 3,337 
PLWH cases with adverse events. Males accounted for 
87.23%, and those in their 30s-40s accounted for 47.56% 
of the total population. Figure 1A shows the changes 
in the number of adverse event reports in PLWH over 
time. The highest number of reports was in fiscal year 
(FY) 2004, and the lowest was in FY 2011. The number 
of adverse event reports in PLWH showed a decreasing 
trend from FY 2004 to FY 2011. However, it had 
recently increased to the same level as that of FY 2004. 
Figures 1B and 1C show the longitudinal changes in the 
composition rate of sex and age in PLWH with adverse 
events, respectively. There were no considerable changes 
in the sex composition rate throughout the study period, 
whereas the composition of the 20-49 years age group 
declined in recent years. However, the interpretation 
of the results should consider the recent increase in the 
number of reports with incomplete data on sex and age.

3.2. Causative drugs

The causative drugs of some adverse events in more 
than 30 PLWHs are listed in Table 2. A total of 42 drugs 
were listed, of which 24 (57.1%) were anti-HIV drugs. 
Lamivudine was the most frequently reported causative 
drug, followed by ritonavir, tenofovir disoproxil 
fumarate, emtricitabine, and abacavir sulfate. When 

Figure 1. Time trends in the number of PLWH cases with 
reported adverse events and their sex and age structure. 
(A) Number of PLWH cases. (B) Composition rate of sex. (C) 
Composition rate of age groups

Table 1. Population characteristics

Characteristic

Total
Sex
     Male
     Female
     Unknown
Age (years)
     <10
     10-19
     20-29
     30-39
     40-49
     50-59
     60-69
     70-79
     80-89
     90-99
     Unknown

n (%)

3337

  2911 (87.23)
  329 (9.86)
    97 (2.91)

  37 (1.11)
    7 (0.21)
279 (8.36)

  791 (23.70)
  796 (23.85)
  539 (16.15)
  386 (11.57)
124 (3.72)
  19 (0.57)
    1 (0.03)

  358 (10.73)
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ranged from 22.9% to 39.9% throughout the study period 
(Figure 3).

3.3. Adverse events

Table 3 summarizes the top 20 adverse events reported 
at the PT level. The most frequently reported adverse 
event was immune reconstitution inflammatory 
syndrome (IRIS) (346/3,337 cases, 10.37%), followed 
by renal impairment (178/3,337 cases, 5.33%), anaemia 
(122/3,337 cases, 3.66%), diabetes mellitus (99/3,337 
cases, 2.97%), and hepatic function abnormal (88/3,337 
cases, 2.64%). Table 4 summarizes the reported 
adverse events at the SOC level. "General disorders 
and administration site conditions" (649/3,337 cases, 
19.45%) was the most frequently reported, followed by 
"immune system disorders" (625/3,337 cases, 18.73%), 

"infections and infestations" (605/3,337 cases, 18.13%), 
"metabolism and nutrition disorders" (552/3,337 cases, 
16.54%), and "blood and lymphatic system disorders" 
(500/3,337 cases, 14.98%). The SOC-level adverse 
events according to sex and age are shown in Figure 4. 
The trends for females and those aged ≥ 50 years were 
different from those in the overall population. Among 
females, "immune system disorders" (68/329 cases, 
20.67%) and "metabolism and nutrition disorders" 
(68/329 cases, 20.67%) were the most commonly 
reported, followed by "blood and lymphatic system 
disorders" (66/329 cases, 20.61%), "general disorders 
and administration site conditions" (51/329 cases, 
15.50%), and "infections and infestations" (51/329 cases, 
15.50%). In addition, "reproductive system and breast 
disorders" and "gestational and perinatal conditions" 
were mostly reported in females, probably because 

Figure 2. Time trends in reporting rates of anti-HIV drug-related 
adverse events by drug mechanism of action. NRTI, nucleoside/
nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; 
NNRTI, non-nucleoside reverse transcriptase inhibitor; INSTI, 
integrase strand transfer inhibitor; CCR5A, C-C chemokine receptor 
type 5 antagonist; FI, fusion inhibitor

Figure 3. Time trends in reporting rates of non-anti-HIV drug-
related adverse events.

Table 2. Causative drugs of adverse events in more than 
30 PLWH cases

Causative drugs

Lamivudine
Ritonavir
Tenofovir disoproxil fumarate
Emtricitabine
Abacavir sulfate
Efavirenz
Dolutegravir sodium
Lopinavir
Zidovudine
Sanilvudine
Raltegravir potassium
Darunavir ethanolate
Atazanavir sulfate
Tenofovir arafenamide fumarate
Sulfamethoxazole/Trimethoprim combination
Nelfinavir mesylate
Didanosine
Valganciclovir hydrochloride
Fosamprenavir calcium hydrate
Doxorubicin hydrochloride
Cobicistat
Azithromycin hydrate
Atovaquone
Prednisolone
Ethambutol hydrochloride
Rilpivirine hydrochloride
Elvitegravir
Nevirapine
Ribavirin
Indinavir sulfate ethanolate
Ganciclovir
Maraviroc
Clarithromycin
Rifabutin
Etravirine
Fluconazole
Peginterferon alfa-2b (Genetical Recombination)
Vincristine sulfate
Cyclophosphamide hydrate
Amphotericin B
Foscarnet sodium hydrate
Pentamidine isetionate

Reporting rate 
(n, %)

1311 (39.29)
1058 (31.71)
  951 (28.50)
  843 (25.26)
  786 (23.55)
  498 (14.92)
  472 (14.14)
  455 (13.64)
  428 (12.83)
  410 (12.29)
  372 (11.15)
  358 (10.73)
  339 (10.16)
185 (5.54)
178 (5.33)
153 (4.58)
132 (3.96)
122 (3.66)
110 (3.30)
  85 (2.55)
  83 (2.49)
  81 (2.43)
  69 (2.07)
  66 (1.98)
  65 (1.95)
  63 (1.89)
  62 (1.86)
  60 (1.80)
  55 (1.65)
  55 (1.65)
  54 (1.62)
  53 (1.59)
  52 (1.56)
  46 (1.38)
  46 (1.38)
  44 (1.32)
  43 (1.29)
  43 (1.29)
  39 (1.17)
  33 (0.99)
  30 (0.90)
  30 (0.90)
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of biological differences. In those aged ≥ 50 years, 
"metabolism and nutrition disorders" (202/1,069 cases, 
18.90%) were the most commonly reported, followed by 
"renal and urinary disorders" (188/1,069 cases, 17.59%), 
"infections and infestations" (166/1,069 cases, 15.53%), 
"vascular disorders" (164/1,069 cases, 15.34%), and 
"nervous system disorders" (160/1,069 cases, 14.97%).

4. Discussion

The actual status of adverse event reports in PLWH 
remains unclear. In this study, anti-HIV drugs were 
the main causative drugs for adverse events in PLWHs 
throughout the study period. However, age composition 
and causative drugs also changed markedly during 
the study period. In addition, by analyzing the PT and 
SOC levels in the MedDRA hierarchy, it was possible 
to characterize the adverse events reported in PLWH 
cases. To our knowledge, this is the first study to identify 
trends in adverse event reports in PLWH in the real 
world using the JADER. Our study identifying the 
characteristics of adverse event reports among PLWHs in 
Japan has important implications for establishing optimal 
management strategies for this population.
	 Males accounted for 87.23% of the cases, consistent 
with findings that males account for more than 90% 
of PLWHs receiving cART in Japan (14). The annual 
number of reports differed to up to 196. Overall, the 
number of reports decreased until FY 2011 and then 
increased thereafter. This change in the number of 
reports may be related to the status of the development of 
an infrastructure for pharmacovigilance in Japan (15). It 
may also reflect adverse events associated with the long-
term use of anti-HIV drugs and/or the "Weber effect" (16) 
on new drugs. In any case, future trends in the number of 

reports should be monitored. The time trends of the age 
structure of PLWHs with adverse events may reflect the 
aging of PLWHs in Japan. However, it should be noted 
that, in recent years, an increasing number of reports 
have provided unclear information on age. Nevertheless, 
it appears that the reporting rate for the 20-49 years age 
group has decreased, while that for the ≥ 50 years age 
group has increased.
	 A total of 42 drugs, 24 of which were anti-HIV 
drugs, were reported as causative drugs in more than 30 
PLWHs. The top five causative drugs were lamivudine, 
ritonavir, tenofovir disoproxil fumarate, emtricitabine, 
and abacavir sulfate. Of these, lamivudine, tenofovir 
disoproxil fumarate, emtricitabine, and abacavir sulfate 
are NRTIs and are included in most standard ART 
regimens. Ritonavir inhibits intestinal and hepatic 
cytochrome P450 3A, and low-dose ritonavir is widely 
used as a booster for other PIs. This could explain these 
drugs being the top causative drugs of adverse events. 
The other causative drugs were efavirenz, an NNRTI; 
dolutegravir sodium, an INSTI; and lopinavir, a PI. 
Their reporting rates were similar (14.92%, 14.14%, 
and 13.64%, respectively). With respect to anti-HIV 
drug class, it varied markedly throughout the study 
period, which may have been influenced by the guideline 
recommendation of cART (1-3). In contrast, non-anti-
HIV drugs accounted for only approximately 20-40% 
of adverse events cases throughout the study period. 

Table 3. Top 20 adverse events at the PT level

PT

Immune reconstitution inflammatory syndrome
Renal impairment
Anaemia
Diabetes mellitus
Hepatic function abnormal
White blood cell count decreased
Liver disorder
Rash
Pyrexia
Acute kidney injury
Cytomegalovirus chorioretinitis
Pancytopenia
Platelet count decreased
Diarrhoea
Pneumocystis jirovecii pneumonia
Drug eruption
Nausea
Renal disorder
Vomiting
Myelosuppression

Reporting rate 
(n, %)

  346 (10.37)
178 (5.33)
122 (3.66)
  99 (2.97)
  88 (2.64)
  77 (2.31)
  70 (2.10)
  65 (1.95)
  65 (1.95)
  63 (1.89)
  59 (1.77)
  57 (1.71)
  56 (1.68)
  54 (1.62)
  47 (1.41)
  45 (1.35)
  45 (1.35)
  44 (1.32)
  42 (1.26)
  41 (1.23)

Table 4. Adverse events at the SOC level

SOC

General disorders and administration site conditions
Immune system disorders
Infections and infestations
Metabolism and nutrition disorders
Blood and lymphatic system disorders
Vascular disorders
Nervous system disorders
Renal and urinary disorders
Investigations
Hepatobiliary disorders
Gastrointestinal disorders
Skin and subcutaneous tissue disorders
Respiratory, thoracic and mediastinal disorders
Cardiac disorders
Endocrine disorders
Musculoskeletal and connective tissue disorders
Injury, poisoning and procedural complications
Psychiatric disorders
Neoplasms benign, malignant, and unspecified (incl 
cysts and polyps)
Eye disorders
Pregnancy, puerperium and perinatal conditions
Congenital, familial and genetic disorders
Reproductive system and breast disorders
Surgical and medical procedures
Ear and labyrinth disorders
Social circumstances
Product issues

Reporting rate 
(n, %)

  649 (19.45)
  625 (18.73)
  605 (18.13)
  552 (16.54)
  500 (14.98)
  451 (13.52)
  450 (13.49)
  444 (13.31)
  431 (12.92)
  405 (12.14)
  382 (11.45)
  352 (10.55)
269 (8.06)
236 (7.07)
231 (6.92)
212 (6.35)
207 (6.20)
186 (5.57)
186 (5.57)

122 (3.66)
  63 (1.89)
  32 (0.96)
  31 (0.93)
  20 (0.60)
  13 (0.39)
    2 (0.06)
    1 (0.03)
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Apparently, anti-HIV drugs were the primary causative 
drugs of adverse events in PLWHs. The most common 
non-anti-HIV drugs that caused adverse events were 
those used to prevent or treat AIDS-related diseases 
(opportunistic infections and AIDS-related cancers). 
Therefore, even if HIV infection can be controlled by 
cART, adverse events associated with these drugs must 
be carefully monitored. Using a large Japanese healthcare 
database, Ruzica et al. analyzed the 10 most common 
co-medications in PLWHs treated with cART. They 
found that all top 10 medications had higher rates of 
use in PLWHs than in the non-HIV-infected population 
(17). Therefore, healthcare providers involved in the 
treatment of HIV infection should also pay attention to 
the occurrence of adverse events associated with the use 

of these drugs.
	 In this study, IRIS was the most frequently reported 
adverse event at the PT level. IRIS is an undesirable 
disease- or pathogen-specific inflammatory reaction 
that may be triggered by the restoration of immune 
system function following cART initiation (18) and 
is a characteristic adverse event among PLWHs. This 
result is expected to some extent in studies of PLWH 
cases that use spontaneous reporting of adverse event 
databases, such as the current study. Common or high-
incidence adverse events are not necessarily reported 
more frequently. The disadvantage of studies using 
spontaneous reporting adverse event databases is that it is 
not possible to calculate the incidence of adverse events 
owing to the lack of a denominator (19). However, if 

Figure 4. Comparison of adverse events at the SOC level by sex and age group. (A) Reporting rates by sex. (B) Reporting rates by age group.
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the study is limited to a particular population, it may 
be possible to identify adverse events and the risk 
factors that are characteristic of that population. We 
focused on this feature and reported the results of our 
analysis of factors affecting the clinical outcomes of 
IRIS using the JADER (20). It may also be better to 
conduct an analysis at the SOC level rather than at the 
PT level to characterize adverse events occurring in 
a particular patient population. For example, "hepatic 
function abnormal" and "liver disorder" at the PT level 
(Table 2) may not be clinically distinct. These two PTs 
are classified as "hepatobiliary disorders" at the SOC 
level. The analysis of adverse events at the SOC level 
can better reflect their effects on human organs and 
systems. The top five SOC-level adverse events in this 
study were general disorders and administration site 
conditions, immune system disorders, infections and 
infestations, metabolism and nutrition disorders, and 
blood and lymphatic system disorders. However, it has 
been suggested that the occurrence of adverse events is 
influenced by sex and age, including in PLWHs (21). 
Thus, because 87.23% of the study population was male, 
the above results strongly reflect the status of adverse 
event reports in males. Therefore, when we analyzed 
SOC-level adverse events by sex and age, we found that 
the trends in females and in those aged ≥50 years were 
different from that in the overall group.
	 Recently, the life expectancy of properly treated 
PLWHs has approached that of non-HIV-infected 
individuals owing to the excellent efficacy of cART 
(8). However, the increasing number of PLWHs with 
comorbidities and the adverse events associated with 
long-term exposure to anti-HIV drugs have become a 
problem with the aging of PLWHs (9-12). Medications 
for comorbidities can cause problems related to 
polypharmacy and drug interactions (22). This problem 
is further complicated by an aging-related physiological 
decline (23).
	 Our study has some limitations. First, data from 
spontaneous reporting adverse event databases, such as 
JADER, has issues of over-reporting, under-reporting, 
missing data, lack of a denominator, and the presence 
of confounding factors (19). Second, adverse events are 
not always induced by treatment. Particularly, PLWHs 
are known to have higher rates of cardiovascular, renal, 
neurocognitive, oncology, and osteoporotic diseases than 
non-HIV-infected individuals (12). These factors may 
have affected the current analysis. Third, although trends 
in adverse event reports among PLWHs were examined 
in this study, the influence of the drug on the occurrence 
of each adverse event was not assessed.
	 In conclusion, despite the improved efficacy and 
safety of cART, anti-HIV drugs remain the leading cause 
of adverse events in PLWHs. In addition, the trends 
in adverse events differed according to sex and age, 
with females and those aged ≥ 50 years showing trends 
different from that in the overall population. Thus, the 

management of HIV infection and drug-related adverse 
events should consider age and sex. The findings of 
this study will be helpful for establishing optimal 
management strategies for PLWHs.

Funding: This research was partially funded by the Japan 
Society for the Promotion of Science (JSPS) KAKENHI 
[Grant No. 20K18892].

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1.	 World Health Organization. Guidelines for managing 
advanced HIV disease and rapid initiation of antiretroviral 
therapy July 2017. https://www.who.int/publications/i/
item/9789241550062 (accessed January 10, 2023).

2.	 Department of Health and Human Services. Panel on 
Antiretroviral Guidelines for Adults and Adolescents, 
Guidelines for the Use of Antiretroviral Agents in Adults 
and Adolescents with HIV. https://clinicalinfo.hiv.gov/
sites/default/files/guidelines/documents/adult-adolescent-
arv/guidelines-adult-adolescent-arv.pdf (accessed January 
10, 2023).

3.	 Ministry of Health, Labour and Welfare. The Guidelines 
for the Treatment of HIV Infection, March 2022 Version. 
https://hiv-guidelines.jp/pdf/guideline2022.pdf (accessed 
January 10, 2023). (In Japanese).

4.	 Crum NF, Riffenburgh RH, Wegner S, Agan BK, Tasker 
SA, Spooner KM, Armstrong AW, Fraser S, Wallace MR. 
Triservice AIDS Clinical Consortium. Comparison of 
causes of death and mortality rates among HIV-infected 
persons: analysis of the pre-, early, and late HAART (highly 
active antiretroviral therapy) eras. J Acquir Immune Defic 
Syndr. 2006; 41:194-200.

5.	 Tanaka H, Wada T, Takayama Y, Matsumoto K, Atsuda K, 
Satoh M. Evaluation of the efficacy and safety of changes 
in antiretroviral regimens for HIV-infected patients. J 
Pharm Pharm Sci. 2014; 17:316-323.

6.	 De Clercq E, Li G. Approved antiviral drugs over the past 
50 years. Clin Microbiol Rev. 2016; 29:695-747.

7.	 Pandit NS, Chastain DB, Pallotta AM, Badowski ME, 
Huesgen EC, Michienzi SM. Simplifying ARV therapy in 
the setting of resistance. Curr Infect Dis Rep. 2019; 21:38.

8.	 Antiretroviral Therapy Cohort Collaboration. Survival 
of HIV-positive patients starting antiretroviral therapy 
between 1996 and 2013: a collaborative analysis of cohort 
studies. Lancet HIV. 2017; 4:e349-e356.

9.	 Hentzien M, Dramé M, Allavena C, Jacomet C, Valantin 
MA, Cabié A, Cuzin L, Rey D, Pugliese P, Bani-
Sadr F; Dat'AIDS Study Group. Impact of age-related 
comorbidities on five-year overall mortality among elderly 
HIV-infected patients in the late HAART era--role of 
chronic renal disease. J Nutr Health Aging. 2016; 20:408-
414.

10.	 Balderson BH, Grothaus L, Harrison RG, McCoy K, 
Mahoney C, Catz S. Chronic illness burden and quality 
of life in an aging HIV population. AIDS Care. 2013; 
25:451-458.

11.	 Naito T, Suzuki M, Fukushima S, Yuda M, Fukui N, 
Tsukamoto S, Fujibayashi K, Goto-Hirano K, Kuwatsuru 
R. Comorbidities and co-medications among 28089 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2023; 17(3):183-190.190

people living with HIV: A nationwide cohort study from 
2009 to 2019 in Japan. HIV Med. 2022; 23:485-493.

12.	 Wing EJ. HIV and aging. Int J Infect Dis. 2016; 53:61-68.
13.	 Ruzicka DJ, Imai K, Takahashi K, Naito T. Comorbidities 

and the use of comedications in people living with HIV 
on antiretroviral therapy in Japan: A cross-sectional 
study using a hospital claims database. BMJ Open. 2018; 
8:e019985.

14.	 Tanaka H, Onoda T, Ishii T. Understanding the actual 
use of anti-HIV drugs in Japan from 2016 to 2019: 
Demonstrating epidemiological relevance of NDB Open 
Data Japan for understanding Japanese medical care. Int J 
Environ Res Public Health. 2022; 19:12130.

15.	 Kobayashi T, Noda A, Obara T, Tsuchiya M, Akasaka K, 
Yoshida M, Matsuura M, Sato M, Murai Y, Yamaguchi 
H, Tsuchiya F, Kihira K, Mano N. Knowledge, 
attitudes, and practice of hospital pharmacists regarding 
pharmacovigilance and adverse drug reaction reporting in 
Japan. Hosp Pharm. 2021; 56:7-16.

16.	 Wallenstein EJ, Fife D. Temporal patterns of NSAID 
spontaneous adverse event reports: the Weber effect 
revisited. Drug Saf. 2001; 24:233-237.

17.	 Ruzicka DJ, Imai K, Takahashi K, Naito T. Greater 
burden of chronic comorbidities and co-medications 
among people living with HIV versus people without 
HIV in Japan: A hospital claims database study. J Infect 
Chemother. 2019; 25:89-95.

18.	 French MA, Lenzo N, John M, Mallal SA, McKinnon EJ, 
James IR, Price P, Flexman JP, Tay-Kearney ML. Immune 
restoration disease after the treatment of immunodeficient 
HIV-infected patients with highly active antiretroviral 
therapy. HIV Med. 2000; 1:107-115.

19.	 Poluzzi E, Raschi E, Moretti U, De Ponti F. Drug-induced 
torsades de pointes: data mining of the public version 
of the FDA Adverse Event Reporting System (AERS). 

Pharmacoepidemiol Drug Saf. 2009; 18:512-518.
20.	 Tanaka H, Wada T, Ohyama K, Ishii T. Analysis of the 

time-to-onset and factors affecting clinical outcomes 
of immune reconstitution inflammatory syndrome in 
people living with HIV using data from the Japanese 
spontaneous reporting database. J Pharm Pharm Sci. 
2021; 24:153-160.

21.	 Xiao J, Wang Y, Li Z, Zhang X, Feng K, Liu L. Assessing 
the gender differences of adverse effects in HIV infection 
treatment based on FDA AERS database. Curr Bioinform. 
2013; 8:583-590.

22.	 Danjuma MI, Adegboye OA, Aboughalia A, Soliman N, 
Almishal R, Abdul H, Mohamed MFH, Elshafie MN, 
AlKhal A, Elzouki A, Al-Saud A, Chaponda M, Bidmos 
MA. Prevalence and global trends of polypharmacy 
among people living with HIV: A systematic review 
and meta -ana lys i s . Ther Adv Drug Saf . 2022; 
13:20420986221080795.

23.	 Demessine L, Peyro-Saint-Paul L, Gardner EM, Ghosn 
J, Parienti JJ. Risk and cost associated with drug-
drug interactions among aging HIV patients receiving 
combined antiretroviral therapy in France. Open Forum 
Infect Dis. 2019; 6:ofz051.

Received February 2, 2023; Revised June 9, 2023; Accepted 
June 10, 2023.

*Address correspondence to:
Hiroyuki Tanaka, Department of Practical Pharmacy, Faculty 
of Pharmaceutical Sciences, Toho University, 2-2-1 Miyama, 
Funabashi, Chiba 274-8510, Japan.
E-mail: hiroyuki.tanaka@phar.toho-u.ac.jp

Released online in J-STAGE as advance publication June 16, 
2023.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2023; 17(3):191-200. 191

DOI: 10.5582/ddt.2022.01095Original Article

SUMMARY

Keywords

The role of APOBEC3A in cervical cancer development and 
progression: A retrospective study

Mo Zhang1,2, Zhi Wei1,2, Hongbo Zhao1,2, Sai Zhang1,2, Jing Wu1,2, Jing Zhou3,4,5,
Yan Wang3,4, Ling Wang3,4,5,*, Yan Du1,2,*

1 Clinical Research Unit, Obstetrics and Gynecology Hospital, Fudan University, Shanghai, China;
2 Department of Obstetrics and Gynecology of Shanghai Medical School, Fudan University, Shanghai, China;
3 Laboratory for Reproductive Immunology, Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China;
4 The Academy of Integrative Medicine of Fudan University, Shanghai, China;
5 Shanghai Key Laboratory of Female Reproductive Endocrine-related Diseases, Shanghai, China.

APOBEC3A, expression, cervical cancer, bioinformatics, SNP, survival

The majority of cervical cancer cases are contributed to chronic infection with high-risk human 
papillomavirus (HPV), while only a fraction of infected women finally develop cancer. It is 
suggested that apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3A (APOBEC3A), 
a type of mRNA editing enzyme, may be involved in the development and progression of HPV-
related tumors. This study aimed to explore the role and potential mechanisms of APOBEC3A in 
cervical cancer. First, the expression levels, prognostic values and genetic alterations of APOBEC3A 
in cervical cancer were explored using various bioinformatics tools and databases. Then, functional 
enrichment analyses were performed. Finally, genetic polymorphisms (rs12157810 and rs12628403) 
of APOBEC3A were genotyped in our clinical sample of 91 cervical patients. The associations 
between APOBEC3A polymorphisms and clinical characteristics as well as patient overall survival 
were further evaluated. Compared with normal tissues, the expression level of APOBEC3A was 
significantly elevated in cervical cancer. High expression of APOBEC3A had better survival 
compared with the low expression group. The immunohistochemistry results showed that the 
expression of APOBEC3A protein was localized in the nucleus. APOBEC3A expression level in 
cervical and endocervical cancer (CESC) was negatively correlated with the infiltration level of 
cancer-associated fibroblasts, and positively correlated with the infiltration level of gamma delta T 
cells. No association was observed between APOBEC3A polymorphisms and patient survival. The 
expression of APOBEC3A was significantly higher in cervical cancer tissues, while high expression 
was associated with better prognosis in cervical cancer patients. APOBEC3A has the potential of 
being used in prognostic evaluation in cervical cancer patients.

1. Introduction

Worldwide, cervical cancer is the fourth most commonly 
diagnosed and the fourth leading cause of cancer death 
among women (1). There were an estimated 569,847 new 
cases of and 311,365 deaths caused by cervical cancer 
in 2018. The burden of cervical cancer is even higher in 
countries and regions with lower human development 
index (HDI) (1). Almost all cases of cervical cancer 
are attributed to persistent infection with high-risk 
human papillomavirus (HPV) genotypes (2). However, 
only a small fraction (about 10%) of infected women 
will develop viral persistence, and only some of those 
chronically infected with carcinogenic HPV types will 

eventually progress to neoplastic lesions (3). In addition, 
invasive cervical cancer is preventable through HPV 
vaccination (4). Furthermore, screening and removing 
precancerous cervical lesions can prevent its development 
into cervical cancer (5). Despite implementation of 
above public health intervention measures, health system 
barriers such as accessibility and affordability exist, 
especially in lower HDI countries and regions. Cervical 
cancer is and will continue to be a public health burden 
in China in the foreseeable future (6). It is important to 
have a better understanding of the molecular mechanisms 
so as to provide more opportunities for early diagnosis 
and prognosis assessment.
	 Apolipoprotein B mRNA editing enzyme, catalytic 
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polypeptide-like 3A (APOBEC3A) is a member of 
the APOBECs family, which plays an important role 
in the defense process of anti-viral infection (7). It is 
reported that APOBEC3A can enhance the ability of 
human immune system to recognize HPV infection (8). 
Research has shown that APOBEC3A has the function of 
genetic editing HPV DNA in the nucleus, thus playing an 
important role in combating and clearing HPV. Therefore, 
it is speculated that APOBEC3A may be involved in the 
inhibition of the occurrence and development of HPV-
related tumors (9). However, some studies have shown 
that APOBEC3A may damage the DNA of its own cells, 
and the signature mutation of APOBEC3A increases in 
HPV-associated tumors, suggesting that APOBEC3A 
may also be closely related to tumorigenesis (10-12). 
Cancer is a complex disease resulting from interactions 
of various factors, and the same factor may also act 
differently at different stages of tumor development and 
progression. Furthermore, genetic variations may also 
affect an individual's susceptibility to cervical cancer 
and its prognosis. Therefore, it is important to conduct 
bioinformatics analysis of interested genes to assess 
its correlation with clinical prognosis and fully explore 
potential molecular mechanisms using publicly available 
database.
	 In this study, we first utilized various bioinformatics 
databases and tools to comprehensively analyze the 
relationship between APOBEC3A and the occurrence, 
development, and prognosis of cervical cancer. We 
further evaluated the effects of APOBEC3A genetic 
polymorphisms on the overall survival (OS) of cervical 
cancer in our own clinical samples.

2. Materials and Methods

2.1. Tumor Immune Estimation Resource (TIMER)

TIMER (version 2.0) (http://timer.cistrome.org/) is 
a resource for systematic analyses of immune cell 
infiltration across various cancer types based on The 
Cancer Genome Atlas (TCGA) database (13). In this 
study, "Exploration" module was used to display the 
differential gene expression of APOBEC3A in various 
tumor tissues (and corresponding normal tissues). 
The "Immune" module of the TIMER web server was 
used to explore the association between APOBEC3A 
expression and immune infiltrates of TCGA cervical and 
endocervical cancer (CESC). Purity-adjusted Spearman's 
rank correlation test was used to obtain p-values and 
partial correlation (rho) values. Algorithms of TIMER, 
EPIC, MCPCOUNTER, CIBERSORT, CIBERSORT-
ABS, QUANTISEQ, XCELL, naïve_XCELL, and TIDE 
were used for immune infiltration estimations.

2.2. Oncomine database

Oncomine database (http://www.oncomine.org) is a 

web-based chip data-mining platform, including 715 
tumor microarrays, and 86,733 cancer and normal 
tissue samples (14). Oncomine was used to analyze 
the mRNA expression of APOBEC3A in cervical 
cancer tissues and normal tissues, using the following 
parameters: Gene: APOBEC3A; Analysis Type: Cancer 
vs. Normal Analysis; Data Type: mRNA; threshold: p 
value < 0.05, Fold change > 2 and gene rank = top 10%.

2.3. Gene Expression Profiling Interactive Analysis 
(GEPIA) dataset analysis

GEPIA (version 2) (http://gepia.cancer-pku.cn/) is 
a database containing RNA sequencing expression 
data from TCGA and Genotype-tissue Expression 
dataset (GTEx) projects. It is a visual analysis website 
including information from 33 tumor types, 9736 
tumor samples, and 8587 normal samples (15). In this 
study, GEPIA was applied to evaluate the differential 
expression of APOBEC3A in cervical squamous cell 
carcinoma and endocervical adenocarcinoma vs. normal 
cervical tissues. The criteria were: |Log2FC| Cutoff: 2; 
p-value Cutoff: 0.05. GEPIA was also used to evaluate 
the prognostic value of APOBEC3A expression in 
cervical cancer patients, with group cutoff set as 
Median.

2.4. TCGA data mining

The expression data of cervical squamous cell carcinoma 
tissues were downloaded from TCGA (https://
cancergenome.nih.gov/) in TCGA-CESC dataset and 
utilized to analyze the expression of APOBEC3A. The 
TCGA-CESC dataset contains data of 308 cervical 
cancer cases; however, only 304 cases have expression 
data needed and hence were selected for relative 
expression analysis. Among them, 304 cervical cancer 
cases have detailed follow-up information of OS and 
174 with recurrence-free survival (RFS) information, 
and were used for Kaplan-Meier analysis. These patients 
were divided into high and low APOBEC3A expression 
groups based on the RNA-Seq by Expectation-
Maximization (RSEM) with an auto selected best cutoff 
value of 2.105.

2.5. Human Protein Atlas (HPA)

HPA (https://www.proteinatlas.org/) (Version: 20.0, 
updated date: 2020-11-19) is a free public platform 
that can be used for genome-wide exploration of 
individual proteins on clinical outcome in major human 
cancers (16). The database can provide the location, 
expression and prognosis of proteins in normal 
tissues, tumor tissues, cell lines and blood cells with 
immunology method. In this study, HPA database was 
used to analyze the immunohistochemical staining of 
APOBEC3A in cervical cancer tissues.
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as median (range). Fisher's exact test was used to 
determine the differences of discrete variables between 
high- and low-expression subgroups. Kaplan-Meier 
survival analysis and log-rank test were used to assess 
the influence of APOBEC3A SNPs on cervical cancer 
prognosis. All significance tests were two sided; p value 
of < 0.05 was considered as statistically significant. 
Data analyses were performed by STATA version 15 
(StataCorp LLC, College Station, TX, USA).

3. Results

3.1. Expression level of APOBEC3A mRNA in patients 
with various cancer types

The expression of APOBEC3A was evaluated in 
different tumor types and adjacent normal tissues 
using TIMER database. As shown in Figure 1A, the 
expression level of APOBEC3A was significantly 
higher than that in adjacent normal tissues in the 
following cancers: breast invasive carcinoma (BRCA), 
CESC, cholangiocarcinoma (CHOL), esophageal 
carcinoma (ESCA), head and neck cancer (HNSC), 
kidney renal clear cell carcinoma (KIRC), stomach 
adenocarcinoma (STAD),  and uter ine  corpus 
endometrial carcinoma (UCEC).
	 We further detected the level of APOBEC3A mRNA 
in different cervical cancer types vs. normal tissues 
using Oncomine (Figure 1B and Table 1). In Pyeon 
Multi-cancer statistics, the level of APOBEC3A mRNA 
expression was significantly upregulated in cervical 
cancer compared with normal tissues (fold change = 
2.010, p = 0.026). Although not meeting our screening 
criteria, in Biewenga Cervix statistics, the level of 
APOBEC3A mRNA expression was also elevated 
in cervical squamous cell carcinoma compared with 
normal tissues (fold change = 1.791, p = 0.046).

3.2. Differential expression level of APOBEC3A 
mRNA and protein in patients with cervical cancer

Cerv i ca l  squamous  ce l l  c a r c inoma  cons i s t s 
about 80% of cervical cancer cases and cervical 
adenocarcinomas accounts for 10%-20% of the cases 
(7). We then investigated APOBEC3A expression in 
cervical squamous cell carcinoma and endocervical 
adenocarcinoma vs. normal cervical tissues. GEPIA 
results showed that the expression level of APOBEC3A 
was significantly higher in cervical cancer tissues than 
that in normal tissues (p < 0.05) (Figure 1C), while 
there was no association between APOBEC3A mRNA 
level and Federation of Gynecologists and Obstetricians 
(FIGO) stage (Figure 1D).
	 We further explored the expression of APOBEC3A 
protein in cervical cancer tissues and normal tissues 
using immunohistochemistry with the HPA database. 
The immunohistochemistry staining results showed 

2.6. Tumor-Immune System Interactions (TISIDB) 
immune analysis

TISIDB database (http://cis.hku.hk/TISIDB) (17) 
integrates data related to immune-associated anti-
tumor genes, high-throughput screening techniques, 
molecular profiles, and paracancerous multi-omics. In 
this study, TISIDB is used to explore the correlations 
of  APOBEC3A express ion  wi th  lymphocyte , 
immunomodulators, and major histocompatibility 
molecules (MHCs) in ovarian cancer.

2.7. Clinical samples and follow-up

The study patients were recruited at the Obstetrics and 
Gynecology Hospital of Fudan University in Shanghai. 
The study protocol was approved by the Institutional 
Review Board of the hospital, and all patients provided 
written informed consent. Cases were randomly selected 
newly diagnosed sporadic cervical cancer patients 
undergoing surgery at our hospital from November 
2013 to September 2017. Pathological diagnosis was 
confirmed independently by two pathologists. Patients 
received any pre-operative therapies were not included. 
All patients were ethnic Han Chinese. Follow-up started 
after 6 months of the surgery. A dedicated unit in our 
hospital performed the follow-up every 3 months on an 
outpatient bases and/or by telephone calls according to 
standard protocol (18).

2.8. APOBEC3A SNP and genotyping

QIAquick PCR purification kits (QIAGEN, Hilden, 
Germany) were used to extract genomic DNA 
from blood samples. APOBEC3A single nucleotide 
polymorphism (SNP) rs12157810 (-535 A>C) was 
selected because it represented the haplotype block 
in the promoter region of APOBEC3A determined 
by Haploview 4.2. Intronic SNP rs12628403 (+4340 
A>C) was selected for genotyping based on previous 
literatures and as the proxy tag of APOBEC3B 
deletion (19,20). Genotyping was conducted using 
fluorescent probe real-time quantitative PCR in a 
LightCyclerTM480 (Roche, Basel, Switzerland). 
Primers and probes (Minor Groove Binder [MGB]) 
were designed by GeneCore Bio Technologies Co. Ltd. 
(Shanghai, China). The primer and probe sequences 
were presented at Table S1 (http://www.ddtjournal.
com/action/getSupplementalData.php?ID=139). Blind 
duplicates (5% of the samples) were included to assess 
laboratory reliability, and 100% concordance rate was 
achieved.

2.9. Statistical analysis

Categorical variables were summarized as number 
(percentage), and continuous variables were presented 

http://www.ddtjournal.com/action/getSupplementalData.php?ID=139
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that in both normal tissues and cervical squamous 
cell carcinoma tissues, the expression of APOBEC3A 
protein was localized in the nucleus. In normal cervix 
and uterine tissues, the intensity was moderate, and the 
staining was medium. While in cervical cancer tissues, 
the intensity was between moderate to strong, and the 
staining was between medium to high (Figure S1, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=139).

3.3. Prognostic value of APOBEC3A expression in 
cervical cancer patients

The prognostic value of APOBEC3A expression in 
cervical cancer was first explored by GEPIA, a total of 

292 cases were selected. No association was found for 
APOBEC3A expression and OS [hazard ratio (HR) = 
0.83, log-rank p = 0.44] (Figure 2A). At 200 months 
follow-up, the high APOBEC3A expression group 
had a significantly better disease-free survival (DFS) 
compared with the low APOBEC3A expression group 
(HR = 0.53, log-rank p = 0.033) (Figure 2B).
	 TCGA dataset analysis showed that the median 
survival time was 45.73 months and 21.4 months in 
the high expression group and low expression group, 
respectively. Kaplan-Meier analysis revealed that the 
high APOBEC3A expression group was associated 
with both better 10-year OS (HR = 0.62, 95% CI: 0.39-
1, log-rank p = 0.047, Figure 2C) and RFS (HR = 0.3, 
95% CI: 0.14-0.66, log-rank p = 0.0015, Figure 2D) 

Figure 1. Expression of APOBEC3A mRNA in different cancer types and correlation between APOBEC3A expression and tumor stages 
in cervical cancer (TIMER, Oncomine and GEPIA). (A) Expression status of the APOBEC3A gene in different cancers or specific cancer 
subtypes was analyzed using TIMER. *p < 0.05; **p < 0.01; ***p < 0.001. (B) Expression of APOBEC3A in cervical cancer explored using 
Oncomine. The value represents the number of unique analyses. (C) APOBEC3A in cervical and normal tissues from GEPIA dataset. *p < 0.05 
(D) APOBEC3A in different tumor stages in cervical cancer patients from GEPIA dataset. TPM: Transcripts Per Kilobase Million. T: tumor; N: 
normal.

http://www.ddtjournal.com/action/getSupplementalData.php?ID=139
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compared with the low APOBEC3A expression group.

3.4. Correlation between APOBEC3A expression and 
immune factors in cervical cancer

We evaluated the correlation of APOBEC3A expression 

and the estimated infiltration value of cancer-associated 
fibroblasts for the TCGA tumors of CESC (n = 306) 
using TIMER. The scatterplot data shows the correlation 
analysis of APOBEC3A expression with immune 
infiltration of cancer-associated fibroblasts. The 
APOBEC3A expression level in CESC was negatively 

Table 1. APOBEC3A mRNA expression in different types of cervical cancer and normal cervical tissues (Oncomine).

Dataset

Zhai Cervix

TCGA Cervix

Scotto Cervix 2

Pyeon Multi-cancer

Biewenga Cervix
Scotto Cervix

Tumor (cases)

Cervical Squamous Cell Carcinoma (21)
High Grade Cervical Squamous Intraepithelial 
Neoplasia (7)
Cervical Non-Keratinizing Squamous Cell 
Carcinoma (13)
Cervical Squamous Cell Carcinoma (82)
Cervical Keratinizing Squamous Cell Carcinoma 
(5)
Cervical Squamous Cell Carcinoma (32)

Cervical Cancer (20)

Cervical Squamous Cell Carcinoma (40)
Cervical Squamous Cell Carcinoma (79)
Cervical Adenocarcinoma (5)

Normal (cases)

Cervix Squamous Epithelium (10)
Cervix Squamous Epithelium (10)

Blood (93) + Cervix Uteri (3)

Blood (93) + Cervix Uteri (3)
Blood (93) + Cervix Uteri (3)

Cervix Squamous Epithelium (21) 
+ Cervix Uteri (3)
Cervix Uteri (8) + Oral Cavity (9) 
+ Palate (1) + Tonsil (4)
Cervix Uteri (5)
Cervix Squamous Epithelium (7)
Cervix Squamous Epithelium (7)

Fold change

 1.631
-2.019

 1.034

-1.002
-1.033

-1.103

 2.010

 1.791
 1.035
-1.004

t-test

 1.035
-1.456

 0.752

-0.107
-0.470

-0.291

 2.002

 2.032
 1.663
-0.120

p-value

0.160
0.916

0.233

0.543
0.669

0.614

0.026

0.046
0.067
0.546

Figure 2. Prognostic value of APOBEC3A in cervical cancer (GEPIA and TCGA). (A) Relationship between the expression of APOBEC3A 
and overall survival in cervical cancer patients from GEPIA. (B) Relationship between the expression of APOBEC3A and disease-free survival 
in cervical cancer patients from GEPIA. (C) Relationship between the expression of APOBEC3A and overall survival in cervical cancer patients 
from TCGA. (D) Relationship between the expression of APOBEC3A and recurrence-free survival in cervical cancer patients from TCGA.
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correlated with the infiltration level of cancer-associated 
fibroblasts based on EPIC, MCPCOUNTER, XCELL, 
and TIDE algorithms (Figure 3). The APOBEC3A 
expression level in CESC was positively correlated with 
the infiltration level of gamma delta T cells based on 
XCELL algorithm (rho = 0.395, p = 8.60e-12).
	 TISIDB database was utilized to analyze the 
correlations of APOBEC3A expression with tumor-
infiltrating lymphocytes (TILs) and immunomodulators 
by Spearman correlation. Table S2 (http://www.
ddt journal .com/act ion/getSupplementalData.
php?ID=139) presents detailed information of TILs, 
immunoinhibitors, immunostimulators, and MHCs 
that were significantly correlated with APOBEC3A 
expression in CESC.

3 .5 .  Re la t ionsh ip  o f  APOBEC3A  SNPs  wi th 
clinicopathological parameters and survival of cervical 
cancer patients

All patients were high-risk HPV associated cervical 
cancer. Table S3 (http://www.ddtjournal.com/action/
getSupplementalData.php?ID=139) presents the 
clinicopathological characteristics of the 91 study 
patients. Briefly, most of the patients (71/91, 78%) were 
more than 39 years old, and about half (50/91, 54.9%) 
were before menopause. The majority of the patients 
were diagnosed as squamous cell carcinoma (82/91, 
90.1%) and well differentiated (79/91, 86.8%). About 
60% (n = 56) of the patients were diagnosed at the early 
FIGO stage (IA1-IB1), and a significant proportion 
of them received chemotherapy (61/91, 67%) and/or 
radiotherapy (56/91, 61.5%) after surgery.
	 In terms of associations between clinicopathological 
characteristics and APOBEC3A SNPs, only SNP 
rs12157810 was statistically significantly associated 
with FIGO stage (p = 0.02) (Table 2). Wide type of 
rs12157810 (AA genotype) was more prevalent in early 
stage (FIGO stage IA1-IB1) cervical cancer patients. 

Figure 3. Correlation analysis between APOBEC3A expression and immune infiltration of cancer-associated fibroblasts (TISIDB). (A), 
Correlation between APOBEC3A expression and the infiltration level of cancer-associated fibroblasts based on EPIC, MCPCOUNTER, XCELL, 
and TIDE algorithms. (B), Negative correlation between APOBEC3A expression and cancer-associated fibroblasts.

http://www.ddtjournal.com/action/getSupplementalData.php?ID=139
http://www.ddtjournal.com/action/getSupplementalData.php?ID=139
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After a median observation of 60 months (range 24.17-
74.17 months), 3 patients had died. In general, no 
association was observed between APOBEC3A SNPs 
and OS in our cohort of cervical cancer patients (Figure 
4).

4. Discussion

In this study, we used a series of public bioinformatics 
databases and tools to conduct analyses of APOBEC3A 
and cervical cancer. We explored a number of aspects, 
including gene expression, survival status, immune 
factors and immune infiltration, to investigate the 
probable mechanism of APOBEC3A in the occurrence 
and/or prognosis of cervical cancer. Furthermore, we 
tested the association of genetic polymorphisms of 
APOBEC3A with clinicophathological characteristics 
and survival of cervical cancer patients.

	 Our bioinformatics analyses showed that the 
expression of APOBEC3A was significantly higher 
in the cervical tumor tissues compared with normal 
tissues. APOBEC3A, located on chromosome 22q13.1, 
is a member of the cytidine deaminase gene family. It 
has two transcript variants encoding different isoforms. 
It is suggested that APOBEC3A may link immunity 
and viral infection during HPV-driven carcinogenesis. 
The protein encoded by APOBEC3A plays a role 
in immunity, by restricting viral infection (21). 
APOBEC3A protein can recognize HPV infection and 
restrict foreign DNA via catalyzing the deamination of 
cytosine bases in nucleic acids, causing the conversion 
of target cytosine (C) to uracil (U), which leads to DNA 
degradation. APOBEC3A may play a role in cancer 
development and progression through mediating the 
interactions between HPV and the host genome (7). 
Of the cancer types with high APOBEC3A expression 

Figure 4. Association between APOBEC3A SNPs and overall survival in clinical samples. (A) Association between APOBEC3A rs12628403 
and overall survival. (B) Association between APOBEC3A rs12157810 and overall survival.

Table 2. Correlation of clinicopathological characteristics with APOBEC3A SNPs in cervical cancer patients. (n = 87)

Characteristics

Age
     ≤39
     >39
Histology
     Squamous cell carcinoma
Adenocarcinoma
Adenosquamous carcinoma
Tumor size (cm)※ (n = 63)
     ≤5
     >5
Differentiation
     Well
     Moderate
     Poor
     Unknown
FIGO stage
     IA1-IB1
     IB2-IIA2
     IIB

AA (n = 49)

13
36

45
  2
  2

30
  5

43
  1
  1
  4

36
12
  1

p value*

0.44

0.55

0.22

0.53

0.02

AC+CC (n = 40)

  7
33

35
  4
  1

21
  8

35
  3
  1
  1

20
20
  0

AA (n = 13)

  5
  8

12
  1
  0

  6
  2

11
  0
  1
  1

  9
  4
  0

AC+CC (n = 75)

15
60

67
  5
  3

46
  9

65
  4
  1
  5

45
29
  1

p value*

0.14

1.00

0.62

0.41

0.79

rs12157810 rs12628403

FIGO, Federation of Gynecologists and Obstetricians. *Fisher's exact test. ※ n = 64 for rs12157810 and n = 63 for rs12628403.
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discovered by TIMER database analyses, CESC, 
ESCA, and HNSC are HPV-related cancers. It is 
speculated that APOBEC3A may play a role in cancer 
occurrence via generating DNA mutations. Previous 
studies have found signature mutations of APOBEC3A 
in cervical cancer and other HPV-related tumor cancers 
(22-24). In addition, APOBEC3A was up-regulated in 
HPV-positive keratinocytes and cancer cells (25,26).
	 APOBEC family members are closely related to the 
occurrence and development of a variety of tumors. A 
recent meta-analysis of 20 eligible studies including 
26,225 cases and 37,201 controls has reported that 
APOBEC3 deletion was significantly associated with 
increased cancer risk in homozygous codominant 
inheritance model (27). After stratified by cancer 
type, the positive association was observed in breast 
cancer (10 studies including 14,757 cases and 17,930 
controls) in heterozygous codominant, dominant, 
overdominant and allele inheritance models (27). 
APOBEC3 may promote hepatocellular carcinoma 
(HCC) development through promoting the generation 
of high-risk hepatitis B virus mutations. A study by Liu 
et al. reported that APOBEC3B genetic polymorphisms 
(rs2267401-G allele) significantly increased HCC 
risk; and APOBEC3B rs2267401-GG genotype, higher 
APOBEC3B expression, and higher APOBEC3B/ uracil 
DNA glycosylase (UNG) expression ratio predicted 
poor prognosis of HCC patients (19). Our previous 
research has found that higher APOBEC3B expression 
independently predicted worse survival of ovarian 
cancer patients. Our cell line experiments suggested 
that APOBEC3B may play a role in ovarian cancer 
prognosis possibly via affecting viability of ovarian 
cancer (28).
	 Interestingly, our bioinformatics analyses showed 
that higher expression of APOBEC3A was associated 
with better OS and DFS/RFS. Cancer is a complex 
disease that results from gene-gene and gene-
environment interactions. It is also very likely that the 
same factor may function differently at various stages 
of cancer development and progression. Furthermore, 
the favorable role of APOBEC3A expression in cervical 
cancer was supported by its negative association 
with the infiltration level of cancer-associated 
fibroblasts, and positive association with gamma delta 
T cell. As important elements constituting the tumor 
microenvironment, tumor-infiltrating immune cells are 
closely associated with cancer initiation, progression 
and/or metastasis (29). The functions of tumor-
infiltrating immune cells are thought to be modulated by 
cancer-associated fibroblasts, which regulate cell-cell 
contact, release regulatory factors, and synthesize and 
remodel the extracellular matrix (30). Human gamma 
delta T cell is an important component of natural 
tumor surveillance and has the capacity for tumor cell 
killing. It has been a focus for the development of new 
cancer immunotherapy, especially for tumors lacking 

effective treatment (31). Moreover, a group of Chinese 
investigators studied the effect of APOBEC3A on the 
biological behaviors of cervical cancer using Hela 
cells. They found that transfection of APOBEC3A can 
suppress the migration ability and promote apoptosis 
of Hela cells, through inhibiting cell proliferation and 
growth (32). Therefore, high expression of APOBEC3A 
may facilitate better survival of cervical cancer patients, 
and may become a new therapeutic target for the 
treatment of cervical cancer.
	 Even though we detected a significant association 
between APOBEC3A expression and cervical cancer 
survival via bioinformatics analyses, we did not 
observe significant association between APOBEC3A 
polymorphisms and cervical cancer patient survival 
in our own clinical samples. One possible explanation 
is that the survival of early-stage cervical cancer is 
optimal, with a 4,5-year OS of about 90% for early-
stage patients (33). We did not have enough follow-
up time and enough events (only 3 deaths in our 
clinical samples) to detect a significant association 
between SNP and survival. Future prospective studies 
with a large sample size are needed to evaluate the 
associations. Functional studies are also required to 
further elucidate the underlying mechanisms.

5. Conclusion

To summarize, our bioinformatics analyses found that 
APOBEC3A expression was significantly higher in 
cervical cancer tissues compared with normal tissues, 
while high expression of APOBEC3A predicted 
better prognosis for cervical cancer patients. The 
APOBEC3A expression level in CESC was negatively 
correlated with the infiltration level of cancer-
associated fibroblasts, and positively correlated with the 
infiltration level of gamma delta T cells. APOBEC3A 
has the potential of being used in prognostic evaluation 
in cervical cancer. Further studies are needed to 
investigate the mechanism and multilevel function 
of APOBEC3A in cervical cancer development and 
progression.
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Since itching without rash frequently among older adults' population, study about skin properties of 
itching without rash is important to develop prevention methods. Therefore, this study explored the 
skin properties related to itching without rash and the factors associated with them. A correlation, 
predictive designs study was conducted at Indonesian Long-term Care (LTC) facilities. Skin properties 
including skin barrier function and skin inflammation were examined by photographs (macroscopic 
and microscopic), stratum corneum (SC) hydration, skin Potential of Hydrogen (pH), and skin blotting. 
Itching experience and skincare behavior were obtained by questionnaire. The itching-related skin 
properties and associated factors were analyzed. A total of 405 residents participated in this study, with 
mean age was 74 years. The prevalence of itching on the whole body was 69.1%, and 50.3% of those 
manifesting itching on the left forearm involved itching without macroscopic abnormalities (itching 
without rash). SC hydration, skin pH, albumin and nerve growth factor β (NGFβ) were associated 
with itching without rash (p = 0.007, 0.012, < 0.001, and < 0.001, respectively). Additionally, factors 
associated with skin properties were age, sex, sun exposure experience, skincare, and hygiene care 
in the linear regression analysis. Measurement of skin biomarkers using skin blotting was a possible 
objective measurement of itching skin properties without rash regardless of the environmental 
condition.

1. Introduction

Itching is a predominant skin symptom in older adults 
(1-3). While these adults who suffer from itching can 
express the need for treatment and skincare, those with 
cognitive impairment have difficulty expressing their 
discomfort. Health workers in long-term care (LTC) must 
detect itching from the skin appearance in such cases. 
Itching can be due to dermatological diseases (4) but 
may also occur without macroscopic skin abnormalities, 
making them difficult to be assessed in bedridden 
patients.
	 Appropr ia te  t rea tment  requires  val id  skin 
examination (5). There is an objective skin assessment 
technique to measure skin properties (6). A study on the 
validity of skin blotting to test for the presence of itchy 

skin found that albumin, nerve growth factor β (NGFβ), 
and thymic stromal lymphopoietin (TSLP) are associated 
with itching (7). However, the association of these skin 
blotting biomarkers with itchy skin without rash needs to 
be examined.
	 Early detection of skin conditions will help 
health workers to cure and prevent severe itching (8). 
Knowledge of the factors associated with the skin 
properties of itchy skin without rash is also important 
for planning preventative measures. Therefore, we 
conducted a dermato-epidemiological study of itchy skin 
to determine measures to prevent itching.
	 As the triggers of itching differ among inflammation 
types, we planned to separately assess itching without 
rash-associated factors of each inflammation type and 
skin barrier functionality to identify intervention targets 
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for preventing itching without rash. Previous studies 
have reported an association between itching and factors 
such as age, sweat, sun exposure, season, and systemic 
disease (9-12). However, existing studies have focused 
on the general population and general itching but did 
not examine the factors associated with the properties of 
itchy skin.
	 This study aims to examine the properties and 
associated factors of itchy skin without rash, including 
skin barrier function and inflammation status, in older 
adults at LTC facilities in Indonesia.

2. Materials and Methods

2.1. Study design and setting

This study used a correlative, predictive design. It 
clarified itching without rash among the older adult 
population (prevalence, skin properties, and factors 
related to those skin properties). The participant was 
older adults who stayed at three LTCs in Indonesia 
between January and September 2016. The current 
study was analyzed and reported after we confirmed the 
validity of skin blotting examination to detect itching on 
the skin of older adults (7). 	These facil i t ies provide 
accommodation for physically and cognitively relative 
normal older adults and are funded by the government.

2.2. Study participants

All residents of the three LTCs constituted the study 
population. For sample size, we performed a power 
analysis based on the effect size of itchy skin in the 
preliminary study (alpha = 0.05, power = 0.80), along 
with the number of study variables. We recruited all 
older adults at the three LTCs to account for attrition. The 
inclusion criterion was age ≥ 65 years. The exclusion 
criteria were difficulty in communicating; clinically 
inappropriate (e.g., severe illness, total paralysis); 
memory difficulties; and participation in the preliminary 
study. A preliminary study was conducted among 35 
older adults to confirm the research protocols, tools, and 
skin examinations.
	 All participants received an explanation of the study. 
Participants were told not to bathe or perform ablution 
30 minutes before the skin examination and not to use 
skincare/ointment products on that day. Residents in the 
LTC receive equal daily care, while residents who need 
medical treatment are transferred to the hospital.

2.3. Measurements

Measurement was conducted using the cross-sectional 
method. Data collection was performed by certified 
wound, ostomy, and continence nurse researchers. The 
nurse researcher was trained to perform skin blotting and 
other skin examinations.

	 The study protocol was approved by the Research 
Ethics Committee of the Graduate School of Medicine, 
the University of Tokyo (11076). All procedures followed 
the Declaration of Helsinki. The presence of adverse 
events of skin examination was confirmed the day after. 
The principal investigator conducted the interviews and 
skin measurements. The researcher explained the study 
protocol and obtained written informed consent from all 
participants.

2.4. Investigation of itching

Information regarding itching was collected through a 
questionnaire based on the guidelines of the International 
Forum for the Study of Itch (13). We defined itching 
as the sensation of needing to scratch the skin. The 
questionnaire included the body parts affected (forearm, 
back, thighs, chest, legs, abdomen, instep, fingers, palm, 
groin), frequency of itching (daily, weekly, monthly), 
length/duration of daily itching (< 6, 6-12, and > 12 h/
day), intensity (mild, moderate, and severe), sensation of 
itching (pure itching, stinging, burning, mixed sensation), 
and scratch response to itching (rubbing, squeezing, skin 
pinching).

2.5. Classification of itching

The dermatologist diagnosed the skin disease based on 
the interview data and skin photographs (macroscopic 
and microscopic). In patients with itching, clinical signs 
such as scaly areas, inflammation, swelling, rash, leathery 
patches, crusting, visible sweat ducts, and dark colored 
patches of skin were assessed. The dermatologist defined 
normal skin, itching without rash, or other skin diseases 
such as xerosis, prurigo, miliaria, or eczema. The term 
"itching without rash" was used when participants who 
complained of itchy skin but had no skin signs while the 
term "normal skin" was used when the participants had 
no clinical signs or itching symptoms.

2.6. Skin properties

Skin property examinations, including macroscopic 
and microscopic examination, stratum corneum 
(SC) hydration and skin Potential of Hydrogen (pH) 
measurement, and skin blotting, were performed to 
evaluate skin inflammation and barrier function. We 
examined the skin on the outer side of the left forearm 
between the elbow and wrist. The selection of skin 
examination site was based on the skin blotting reliability 
and validity in a previous studies (7,14).
	 Details of the skin examination procedure have 
been described elsewhere (7). Briefly, macroscopic 
examination using a digital camera (Samsung, Seoul, 
KOR) and microscopic examination (3R Systems, 
Fukuoka, JP) were performed. Photographs were taken 
three times for each forearm and included color charts. 
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reaction's reactivity, specificity, and linearity using 
dot blot and western blot samples. We used different 
amounts (0.2-200 ng) of full-length recombinant 
proteins for dot blot examination and cell lysate or 
tissue homogenate, including the target proteins, for 
western blot examination. We used only those antibodies 
whose specificity and dose-dependent immunoreactivity 
was confirmed in these examinations. Direct method 
using appropriate secondary antibodies labelled with 
peroxidase was used to detect albumin, while NGFβ, 
IL2, and TSLP using indirect method.
	 We used SNAP i.d. 2.0 Protein Detection System 
(Merck Millipore, Billerica, MA) for immunostaining 
procedures. Then, immunoreactivity was visualized using 
chemiluminescent substrates for alkaline phosphatase 
(BioFX Laboratories,  Owings Mills,  MD) and 
peroxidase (Merck Millipore, Billerica, MA). Thereafter, 
a chemiluminescence imaging system (Liponics Inc., 
Tokyo, JP) was used to capture the signal. All process 
of immunostaining was conducted by a professional 
laboratory staff.
	 Biomarker levels on the skin blot were quantified 
using ImageJ image analysis software (National Institutes 
of Health, Bethesda, MD). ImageJ separated the pictures 
into red, green, blue (RGB) color images. Then, the 
overlaying of corresponding bright field images by GNU 
Image Manipulation Program 2.6.5 was used to measure 
the area. The level of biomarker protein secretion was 
identified based on the signal intensity level on the skin 
blotting membrane using ImageJ. Skin blotting pictures 
were normalized with that of the positive control.

2.7. Participant characteristics and skincare behaviors

These were obtained through the questionnaires and 
medical records. Participant characteristics included age, 
sex, body mass index (BMI), literacy, cumulative lifetime 
sun exposure at work, and activities of daily living (ADL) 
using the Barthel Index (23,24). The cumulative lifetime 
sun exposure at work was calculated from the average 
daily sun exposure (hours) across 365 days for the total 
years of work (25).
	 Skincare behavior (current and past) included 
bathing frequency and duration, body washing while 
bathing, clothing change frequency, and clothing type 
and material. Data on prevalence and experience of 
itching were collected using a questionnaire based on the 
International Forum for the Study of Itching guideline 
(13).

2.8. Statistical analysis

The prevalence of itching was described using frequency 
distributions and measures of central tendency. To 
confirm the skin properties of itchy skin without rash, 
we classified participants into 'itching without rash' and 
'normal skin' groups. The Mann-Whitney U test was 

From the photos and participants' itch symptoms, 
a dermatologist and certified wound, ostomy, and 
continence nurse researcher made the diagnoses. The 
participant data were blinded to the skin blotting results, 
without names. We diagnosed the skin for itch without 
abnormal skin appearance or with abnormalities such as 
dry skin, eczema, miliaria, or prurigo.
	 After skin photography, we measured SC hydration 
and skin pH, SC hydration was measured using mobile 
skin moisture (Courage+Khazaka Electronic GmbH, 
Cologne, DE) and skin pH using Skincheck1 (Hanna 
Instruments, Woonsocket, RI). These measurements 
were performed three times, and the mean of those 
examinations was used. The mobile skin moisture was 
attached to the measurement site until a value appeared 
on the screen. Higher SC hydration levels indicated 
good skin moisture and skin barrier function (15). To 
measure skin pH, the SkincheckTM1 was attached to the 
measurement site after dipping in a neutral solution. 
The skin pH value is displayed on the screen. A natural 
skin surface was indicated by lower skin pH (4.7-< 5) 
(16).
	 For skin blotting, the biomarkers were albumin for 
skin barrier function (17), nerve growth factor β (NGFβ) 
for epidermal inflammation (18), interleukin (IL) 2 for 
Th1 inflammation (19) and TSLP for Th2 inflammation 
(20). The presence of those biomarkers on the blotting 
membrane has been validated previously (7,14,17,21,22). 
We confirmed the validity of skin blotting for measuring 
albumin and NGFβ to detect itching of the skin in older 
adults (7).
	 Skin blotting was developed as an objective skin 
assessment technique to measure skin biomarkers (6). 
To prepare the skin blotting kit, a piece of 1-cm square 
nitrocellulose membrane (Bio-Rad Inc., Hercules, CA) 
was attached with filter paper, gentle medical adhesive 
tape (Nitoms, Inc., Tokyo, JP), and adhesive tape. 
To attach the skin blot to the skin, a skin blotting kit 
pre-wetted with 50 µL of normal saline was attached 
with medical tape to the measurement site for 10 min. 
Participants were asked to limit movement of the 
measurement site. Thereafter, the blot was removed from 
the skin with a minimal stimulus. Then skin blotting kit 
was attached to filter paper. The collected membranes 
were kept dry and stored at 4°C until staining (6).
	 For skin blotting analysis, we analyzed biomarkers 
for albumin, NGFβ, IL2, and TSLP. Skin blotting 
membrane was divided into two pieces, and each 
piece was subjected to immunological double staining 
according the host of antibodies. Therefore, we 
performed double staining for albumin (American 
Qualex Inc., San Clemente, CA) and NGFβ (Abcam Plc., 
Cambridge, UK) or TSLP (R&D Systems, Minneapolis, 
MN) and IL2 (Cell Signaling Technology, Inc., Danvers, 
MA) after blocking using Blocking One (Nacalai Tesque, 
Kyoto, JP).
	 Before staining, we confirmed the antibody 
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used to compare skin properties between the groups. 
The Kruskal-Wallis and Mann-Whitney U tests were 
used to measure the association between participant 
characteristics and skin properties for categorical and 
continuous variables, respectively.
	 To predict the associated factors of skin properties of 
itching without rash, multiple linear regression analyses 
were performed using skin properties as the dependent 
variable. Variables were simultaneously entered in the 
models based on the literature review; variables with p ≤ 
0.05 in univariate analysis were considered significant. A 
multicollinearity test was conducted before the variables 
were entered in the models, and the variance inflation 
factor was calculated. All analyses were performed using 
SPSS ver. 26 for Windows (IBM corp., Armonk, USA), 
and p < 0.05 was considered statistically significant.

3. Results

3.1. Participant characteristics and skincare behaviors

A total of 469 eligible residents were available in 
LTCs. We excluded 64 older adults because of severe 
psychological conditions, hospitalization, communication 
disorders, an inability to speak Indonesian or Java, and 
participation in a preliminary study. Of the remaining 
405 residents (response rate = 96.5%), 14 declined to 
participate, so 391 participants were included.
	 As shown in Table 1, the mean age was 74 years 
and 61.6% were female. The proportion of independent 
older adults was 66.8%. For skincare behavior, 30.2% of 
participants had a skincare routine before moving into 
the LTC, with only 10.2% continuing thereafter. Overall, 
49.9% bathed ≥ 2 times/day, while 63.9% changed their 
clothes ≤ 1 time/day, implying that they wore the same 
clothing during the day and night.
	 For the prevalence of itching, 69.1% had itching 
symptoms, which occurred mainly on the forearms 
(43.7%), back (40.7%), and thighs (34.8%). Older adults 
who reported forearm itching (n = 171) experienced it 
daily (95.9%).

3.2. Skin diagnosis and itching symptoms

Table 2 shows the left forearm diagnosis by a 
dermatologist. There were 193 participants who did not 
report itching and were diagnosed as having normal skin 
on forearm (Figure 1a). Of the 165 participants who 
reported left forearm itching, 50.3% were diagnosed 
with itching without rash on forearm (Figure 1b) and 
49.7% with other skin diseases because itching was 
accompanied by clinical signs on forearm (Figure 1c).

3.3. Itching-related skin properties

To identify the specific skin properties associated 
with itching without rash, we compared the properties 

between participants who had itching without rash and 
those with normal skin (Table 3). We excluded skin 
with other diseases (n = 115). Participants with itching 
without rash had significantly higher skin pH, albumin, 

Table 1. Participant characteristics (n = 391)

Items

Demographic factors
     Age (years)
     Sex (male)
     BMI (kg/m2)
     Barthel Index, (independent)
     Literate (yes)
     Cumulative lifetime sun exposure at work
     (hours)
Skincare behaviors
     Past skincare regimen (yes)
     Current skincare regimen (yes)
     Bathing frequency (≥ 2 times/day)
     Bathing duration (≥ 5 minutes)
     Wash body while bathing (yes)
     Clothing change frequency (≤ 1 time/day)
     Clothing type (short sleeves)
     Clothing material (cotton)
Itching experience*
     Itching perception on any part of body (yes)†:
          Forearm
          Back
          Thighs
          Chest
          Legs
          Abdomen
          Instep
          Fingers
          Palm
          Groin
Experience of left forearm itch ‡ (n = 171)
     Frequency (daily)
     Duration of symptoms (> 12 h/day)
     Intensity (moderate)
     Sensory (pure itching)
     Scratch response (rubbing)

BMI, Body Mass Index; SD, Standard deviation. * One participant 
had more than one itchy skin area. †Prevalence of itching in older 
adults. ‡The complete skin examination was conducted on the left 
forearm: Frequency (daily, weekly, monthly), Duration of symptoms 
(< 6 h/d, 6-12 h/d, > 12 h/d), Intensity (mild, moderate, severe), 
Sensory (pure itching, stinging, burning, mixed sensation), Scratch 
response (rubbing, squeezing, pinching the skin).

Mean ± SD or n (%)

74.3 ± 7.3
241 (61.6)
21.2 ± 3.3
261 (66.8)
172 (44.0)

79.210.1 ± 28.072.4

118 (30.2)
  40 (10.2)
195 (49.9)
299 (76.5)
308 (78.7)
250 (63.9)
344 (88.0)
377 (96.4)

270 (69.1)
171 (43.7)
159 (40.7)
136 (34.8)
126 (32.2)
114 (29.2)
110 (28.1)
102 (26.1)
  99 (25.3)
101 (25.8)
  85 (21.7)

164 (95.9)
  69 (40.4)
  87 (50.9)
155 (90.6)
169 (98.8)

Table 2. Skin diagnosis on left forearm by a dermatologist*

Items

Normal skin
Itching without rash
Xerosis
Eczema
Others†

No (n = 226)

 193 (85.4)
0 (0)

17 (7.5)
  4 (1.8)
12 (5.3)

* The dermatologist diagnosed the skin on the left forearm based 
on skin photographs (macroscopic and microscopic) and itching 
symptoms. For example, a participant had itching on their left 
forearm without skin signs. A dermatologist then diagnosed 'itching 
without rash'. †Other skin diseases: prurigo, miliaria, dry skin.

Yes (n = 165)

0 (0)
   83 (50.3)
   30 (18.2)
   44 (26.7)
   8 (4.8)

Itching symptoms n (%)
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and NGFβ (p = 0.012, < 0.001, < 0.001, respectively), 
and significantly lower SC hydration (p = 0.007) than 
those with normal skin.

3.4. Factors associated with skin properties of itching 
without rash

Differences in SC hydration, skin pH, and skin blotting 

findings based on the participants' characteristics were 
analyzed using univariate analysis (data not shown). The 
following associations were observed: SC hydration with 
past skin care (p = 0.001), bathing frequency (p = 0.002), 
bathing duration (p = 0.035), clothing change frequency 
(p = 0.038), and clothing type (p = 0.011); skin pH with 
past skin care (p = 0.018), bathing frequency (p = 0.004), 
and clothing change frequency (p = 0.031); albumin 
level with cumulative lifetime sun exposure at work (p 
= 0.046), past skin care (p < 0.001), bathing frequency 
(p < 0.001), and clothing type (p = 0.002); and NGFβ 
level with cumulative lifetime sun exposure at work (p = 
0.002), past skin care (p < 0.001), bathing frequency (p = 
0.012), and bathing duration (p = 0.016).
	 In the multiple linear regression model (Table 4), 
the following associations were observed: SC hydration 
with clothing change frequency (β = 0.135, p = 0.029) 
and clothing type (β = − 0.139, p = 0.021); skin pH with 
clothing change frequency (β = − 0.137, p = 0.029); 
albumin level with age (β = − 0.130, p=0.044); and 
NGFβ with cumulative lifetime sun exposure at work (β 
= 0.145, p = 0.026) and bathing duration (β = − 0.151, p 
= 0.022).

4. Discussion

This study evaluated albumin and NGFβ levels using 
skin blotting as a novel method of assessing itching 
without rash. This contributes to understanding the 
pathophysiology of itching in older adults. High albumin 
and NGFβ levels indicated disrupted skin barrier function 
and epidermal inflammation associated with itching 
without rash. Furthermore, the association of albumin 
and NGFβ with bathing emphasized the importance of 
skincare and hygiene in keeping the skin healthy and 
preventing itching in older adults.
	 The prevalence of itching in this study was 69.1%. 
The prevalence of itching in older adults was reported 
to be 6-42% in western countries (1). The relatively 
higher prevalence in this study was probably due to 
environmental conditions and racial skin property 
differences between western and Asian people (26). 
This study was conducted in a tropical region on the 
equator, with high temperatures and long sun exposure 

Figure 1. Macroscopic and microscopic photographs of forearm. 
(a). Normal skin: macroscopic photograph sample from participants 
without itching symptoms and skin disease signs. The microscopic 
photograph shows good skin structure, i.e., skin with hair and sweat 
glands, clear skin triangle line, and no scales. (b). Itching without 
rash: macroscopic photograph sample from participants with itching 
symptoms but no skin disease signs, i.e., no rash. The microscopic 
photograph shows bad skin structure, i.e., skin without hair and sweat 
glands, and no skin triangle line, but no scales. (c). Itching with other 
skin diseases: microscopic photograph sample from participants with 
itching symptoms and skin disease signs. In this case, a dermatologist 
diagnosed eczema. The microscopic photograph shows bad skin 
structure, i.e., skin without hair and sweat glands, unstructured skin 
triangle line, and with scales.

Table 3. Comparison of skin properties between the itching without rash and normal skin groups (n = 276)

Items

SC hydration 
Skin pH 
Albumin (ng), n = 257
IL2 (pg)
NGFβ (ng)
TSLP (ng), n = 257

Itching without rash (n = 83)

  66.0 (47.7-86.3)
5.0 (4.6-5.7)

    284.1 (206.2-536.4)
    337.8 (261.8-401.5)
    276.0 (207.7-393.0)

2.1 (1.7-2.4)

SC, Stratum corneum; IL2, Interleukin 2; NGFβ, Nerve growth factor β; TSLP, Thymic stromal lymphopoietin. Differences were compared using 
the Mann–Whitney U test.

Normal skin  (n = 193)

  76.3 (59.8-89.8)
4.8 (4.4-5.2)

    201.6 (145.8-265.3)
    334.2 (263.6-425.1)
    209.1 (161.9-332.2)

2.0 (1.8-2.3)

Median (Range)
p-value

   0.007
   0.012
< 0.001
   0.654
< 0.001
   0.900
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throughout the year. The residents have therefore 
experienced relatively long sun exposure, resulting 
in photoaging. Skin stimulated by sunlight releases 
histamine in epidermal cells (10), which may contribute 
significantly to skin inflammation and itching (27). 
More than half the cases of itchy skin in this study 
were diagnosed as itching without rash. Itching without 
rash shows no macroscopic abnormalities; therefore, 
caregivers overlook itching symptoms in older adults, 
especially if the affected individuals cannot report it 
themselves. Thus, these results emphasize the importance 
of an objective assessment tool for itching without rash 
in older adults.
	 Skin pH, SC hydration, and albumin levels in skin 
blot are indicators of skin barrier functionality (17,28). 
As they were all associated with itching without rash, 
they are candidate tools for its objective assessment. 
The skin barrier consists of sebum, a corneocyte lipid 
envelope, and tight junctions of the stratum granulosum. 
Sebum, the lipid-rich substance secreted from the 
sebaceous glands, forms a hydrophobic thin layer on 
the skin's surface. Skin commensal bacteria hydrolyze 
sebum and release free fatty acids. As a result, the skin 
surface is kept in an acidic state to prevent the growth 
of pathogenic microbes (29). The corneocyte lipid 
envelope consists of ceramide and fatty acids and forms 
a lamellar structure overlying the water and lipid layers 
to restrict water and electrolyte leakage and prevent 
irritant invasion (30). The tight junction in the stratum 
granulosum plays an important role in the selective 
permeability of substances, including albumin (31).
	 However, in this study, skin pH and SC hydration 
findings did not indicate impaired skin barrier function. 
These results were similar to those previously reported in 
healthy skin, although the results in the itching without 
rash group were significantly different from those in 
the normal skin group in this study (28,32). Lower SC 

hydration and higher skin pH significantly correlated 
with a low clothing change frequency and use of short 
sleeves. Skin with hair, scales, and sweat glands was 
significantly correlated with low cumulative lifetime 
sun exposure, doing skin care, low bathing frequency, 
and low clothing change frequency. These correlations 
suggested that stimulation with sweat, water, and sun 
exposure induced itching without rash (33). In contrast, 
skin blotting showed higher albumin levels in the itching 
without rash group than in the normal skin group, 
suggesting that this method could evaluate skin barrier 
function appropriately regardless of environmental 
conditions.
	 Invisible skin inflammatory status was evaluated 
by skin blotting using NGFβ, IL2, and TSLP levels. 
NGFβ is a marker for epidermal inflammation, while 
IL2 and TSLP are markers of Th1-type and Th2-type 
inflammation, respectively. A higher NGFβ level was 
significantly related to the presence of itching without 
rash, whereas no significant difference was found 
between itchy skin without rash and normal skin in IL2 
and TSLP. NGFβ upregulates neuropeptides, especially 
substance P (SP) and calcitonin-gene-related peptide, in 
adult rat primary sensory neurons (34). Neuropeptides 
are involved in hypersensitivity itch sensation, and 
neurogenic inflammation also causes skin scratching 
(35). Furthermore, factors associated with a higher 
NGFβ level were bathing duration and cumulative 
lifetime sun exposure at work. These results suggest that 
itching without rash is induced by water exposure during 
hygiene care (aquagenic pruritus) (36) and sun exposure 
induces cutaneous inflammation (35). Hypo-osmotic 
shock by water exposure leads to cellular damage in the 
epidermis, and keratinocytes release NGFβ, inducing 
the elongation of C nerve fibers in the epidermis and 
resulting in hypersensitive itching (18,37). Our findings 
showed that the skin blotting examination of NGFβ is a 

Table 4. Multiple linear regression analysis predicting associated factors of skin properties of itching without rash

SC, Stratum corneum; NGFβ, Nerve growth factor β. Sex: 0 = Male, 1 = Female, Cumulative lifetime sun exposure at work (hours): 0 = ≤100,000 h, 
1 = ≥ 100,001, Bathing frequency: 0 = ≤ 1 time/day, 1 = ≥ 2 times/day, Bathing duration: 0 = ≤ 5 minutes, 1 = > 5 minutes, Clothing change 
frequency: 0 = ≤ 1 time/day, 1 = ≥ 2 times/day, Clothing type: 0 = Long sleeves, 1 = Short sleeves. β: standardized partial regression coefficients; 
R2: coefficients of determination.

SC hydration
(n = 276)

Items

Age (years)
Sex 
Body mass index (kg/m2)
Barthel Index
Cumulative lifetime sun exposure at work (hours)
Current skincare regimen
Bathing frequency
Bathing duration
Clothing change frequency
Clothing type
R2

Adjusted R2

P

β

 0.020
 0.075
 0.077
-0.028
 0.045
 0.026
 0.109
 0.098
 0.135
-0.139
 0.092
 0.058
 0.004

p

0.746
0.220
0.193
0.668
0.479
0.678
0.094
0.129
0.029
0.021

β

 0.106
-0.084
-0.049
 0.061
-0.013
-0.067
-0.059
-0.038
-0.137
 0.092
 0.077
 0.042
 0.017

p

0.087
0.177
0.411
0.353
0.837
0.282
0.368
0.557
0.029
0.130

β

-0.130
 0.061
 0.057
 0.081
 0.118
-0.023
-0.134
-0.054
 0.116
 0.056
 0.082
 0.045
 0.018

p

0.044
0.341
0.358
0.237
0.076
0.727
0.051
0.423
0.072
0.370

β

-0.055
 0.031
 0.014
-0.024
 0.145
-0.039
-0.040
-0.151
-0.003
 0.015
 0.058
 0.023
 0.095

p

0.378
0.620
0.823
0.716
0.026
0.533
0.546
0.022
0.958
0.806

Skin pH
(n = 276)

Albumin
(n = 257)

NGFβ
(n = 276)
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possible assessment tool for itching without rash.
	 In this study, the multiple linear regression model 
analysis revealed the association of skin properties 
of itching without rash with sun exposure, bathing 
frequency, bathing duration, and clothing change 
frequency. These findings implied the importance of 
skincare and hygiene care for preventing itching without 
rash. Future studies should be based on longitudinal 
designs to test the association direction and further 
potential presence of itching without rash.
	 Certain limitations of this study should be mentioned. 
First, this study was conducted in LTCs in a city without 
randomizing selection. Nevertheless, we assumed that 
public LTCs have the same standard of care, thereby 
reducing bias due to non-randomization. Second, 
for participants without itching on their forearm, we 
performed skin examinations only on the left forearm. 
In the previous study, we confirmed that normal skin on 
both forearms have similar skin properties (7,14).
	 In conclusion, the prevalence of itching was 69.1%, 
and approximately half these cases were diagnosed as 
itching without rash. Albumin and NGFβ in skin blotting, 
SC hydration, and skin pH were significantly correlated 
with itching without rash. The skin properties of pruritic 
skin were significantly correlated with skincare; hygiene 
care practices, including bathing and changing clothes; 
and aging and sun exposure. However, further studies are 
needed to reveal which skincare regimes and maximum 
duration of water exposure are compatible with hygiene 
care for older adults' skin. Measurement of albumin and 
NGFβ levels using skin blotting was identified as an 
objective and non-invasive assessment method. Thus, 
albumin and NGFβ are appropriate biomarkers for 
itching without rash.
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Docosahexaenoic acid contributes to increased CaMKII protein 
expression and a tendency to increase nNOS protein expression in 
differentiated NG108-15 cells

Daisuke Miyazawa*, Kinari Suzuki, Hikari Sato, Natsumi Katsurayama, Tomoko Tahira, 
Hideki Mizutani, Naoki Ohara

College of Pharmacy, Kinjo Gakuin University, Nagoya, Japan.

DHA, n-3 polyunsaturated fatty acids, neuronal cell, nNOS, CaMKII

Docosahexaenoic acid (DHA; 22:6n-3), an n-3 polyunsaturated fatty acid, has various important roles 
in brain functions. Nitric oxide (NO) produced by neuronal NO synthase (nNOS) and Ca2+/calmodulin-
dependent protein kinase II (CaMKII) is also involved in brain functions. We investigated the influence 
of DHA on nNOS and CaMKII protein expression in differentiated NG108-15 cells. NG108-15 cells 
were seeded in 12-well plates, and after 24 h, the medium was replaced with Dulbecco's modified 
Eagle's medium containing 1% fetal bovine serum, 0.2 mM dibutyryl cyclic adenosine monophosphate 
and 100 nM dexamethasone as differentiation-inducing medium. When cells were cultured in 
differentiation-inducing medium, neurite-like outgrowths were observed on days 5 and 6. However, 
no significant difference in morphology was observed in cells with or without DHA treatment. With 
or without DHA addition, nNOS protein expression was increased on days 5 and 6 compared with 
day 0. This increase tended to be enhanced by DHA. CaMKII protein expression did not change after 
differentiation without DHA, but was significantly increased on day 6 compared with day 0 with DHA 
addition. These data indicate that DHA is involved in brain functions by regulating CaMKII and nNOS 
protein expression.

1. Introduction

In the brain, nitric oxide (NO) plays important roles in 
neural development, neuroprotection, synaptic plasticity, 
long-term potentiation, learning, and memory (1-4). NO 
is synthesized from L-arginine by NO synthases (NOSs). 
Three NOS isoforms have been characterized, namely 
neuronal NOS (nNOS), endothelial NOS, and inducible 
NOS (5,6). In particular, nNOS has been found in 
neuronal tissue (7,8). The activity of this enzyme requires 
Ca2+ and calmodulin (8). Ca2+/calmodulin-dependent 
protein kinase II (CaMKII) is highly expressed in the 
brain (9-11). Neuronal activation induces CaMKII to 
translocate from the cytoplasm to the active zone at 
presynaptic membranes and the postsynaptic density 
(12,13). Presynaptic CaMKII regulates neurotransmitter 
synthesis and release (14). CaMKII is an important 
protein of synaptic plasticity (15).
	 Polyunsaturated fatty acids are essential components 
of  membrane l ipids  in  the mammalian brain. 
Docosahexaenoic acid (DHA), an n-3 polyunsaturated 
fatty acid, is a phospholipid component of the cell 

membrane, which is particularly abundant in neuronal 
tissues and essential for neuronal functions including 
neurite outgrowth, synaptic plasticity, behavior, mood 
regulation, learning, and memory (11,16-20).
	 In this study, we examined the effect of DHA 
addition to differentiation-inducing medium on nNOS 
and CaMKII protein expression in the neuroblastoma - 
glioma hybrid cell line NG108-15.

2. Materials and Methods

2.1. Materials

NG108-15 cells were purchased from the American 
Type Culture Collection (Manassas, VA, USA). Cell 
culture medium and dexamethasone (DEX) were 
purchased from Fujifilm Wako (Osaka, Japan). Fetal 
bovine serum (FBS) was purchased from Gibco (Grand 
Island, NY, USA). Penicillin and streptomycin were 
purchased from Nacalai Tesque (Kyoto, Japan). HAT 
supplement (hypoxanthine, aminopterin, and thymidine, 
50×) was purchased from MP biomedicals (Santa 
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Ana, CA, USA). DHA was purchased from Cayman 
(Ann Arbor, MI, USA). Dibutyryl cyclic adenosine 
monophosphate (dbcAMP) was purchased from Sigma 
(St. Louis, MO, USA).

2.2. Cell culture and microscopy

NG108-15 cells were grown and maintained in high-
glucose Dulbecco's modified Eagle's medium (DMEM) 
containing 10% FBS, HAT (0.1 mM hypoxanthine, 0.4 
µM aminopterin, and 16 µM thymidine), 100 U/mL 
penicillin, and 100 µg/mL streptomycin at 37°C with 
5% CO2. Figure 1 shows the study design. Cells were 
seeded in 12-well plates 5000 cells/cm2. After 24 h, 
the medium was replaced with DMEM supplemented 
with 1% FBS, 1% HAT, 100 U/mL penicillin, 100 
µg/mL streptomycin, 10 µM α-tocopherol, 0.2 mM 
dbcAMP, and 100 nM DEX, which was added to induce 
differentiation (21,22). DHA (2 µM) bound to 0.05% 
fatty acid-free bovine serum albumin was added to 
the appropriate treatment groups. Then, the cells were 

cultured for 5 or 6 days. Microscopy performed under 
an Axiovert200 (Carl Zeiss, Oberkochen, Germany).

2.3. Preparation of samples for western blotting

Cells were harvested in ice-cold lysis buffer (20 mM 
Tris-HCl, pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 
1 mM EGTA, 1% Triton X-100, 2.5 mM sodium 
pyrophosphate, 1 mM β-glycerophosphate, 1 mM 
Na3VO4, 1 µg/mL leupeptin, and 1 mM PMSF), and 
the samples were sonicated. The protein concentration 
was determined with a BCA protein assay kit (Pierce, 
Rockford, IL, USA) using bovine serum albumin as the 
standard (23).
	 Aliquots were mixed with concentrated sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) sample buffer (final concentrations: 62.5 
mM Tris-HCl, pH 6.8, 2% 2-mercaptoethanol, 10% 
glycerol, 2% SDS, and 10% bromophenol blue).

2.4. Western blotting

For SDS-PAGE, samples containing equal amounts of 
protein were loaded onto 10% SDS-polyacrylamide gels 
and subsequently transferred to polyvinylidene fluoride 
(PVDF) membranes. The membranes were blocked 
with PVDF blocking reagent (Toyobo, Osaka, Japan) 
and then incubated overnight at 4°C with primary 
antibodies [nNOS (#4236, Cell Signaling Technology, 
Danvers, MA, USA), CaMKII (#3362, Cell Signaling 
Technology), and β-actin (Sigma)]. The membranes 
were then incubated with horseradish peroxidase-
conjugated secondary antibodies (Dako, Glostrup, 
Denmark) and developed with SuperSignal West Pico 
(Thermo Fisher, Waltham, MA, USA) or ImmunoStar 
LD reagents (Fujifilm Wako). Signal detection and 
quantification of the band intensity were performed 
using an Amersham Imager 680 (Cytiva, Marlborough, 
MA, USA).

2.5. Statistical analysis

Significant differences among day 0, 5, and 6 values 
within each group were evaluated by Fisher's test and 
between the DIF(+)DHA(−) and DIF(+)DHA(+) groups 
within each day were evaluated by Student's t test. p < 
0.05 was considered significant. Excel-Toukei software 
(2012, Social Survey Research Information Co., Ltd., 
Tokyo, Japan) was used for the statistical analysis.

3. Results and Discussion

To determine the effects of DHA on differentiated 
NG108-15 cells, we investigated nNOS and CaMKII 
protein expression on day 0 (undifferentiated) and 
days 5 and 6 (differentiated). This cell line is known 
to differentiate on days 4-6 of induced differentiation, 

210

Figure 1. Cell culture and treatment. The day after seeding cells 
(day 0), differentiation medium and/or docosahexaenoic acid were 
added. At day 6, cells were observed by microscopy and collected. 
DIF, differentiation medium; DHA, docosahexaenoic acid; DEX, 
dexamethasone; dbcAMP, dibutyryl cyclic AMP.
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and the changes on days 0, 5, and 6 were confirmed to 
assess time dependency.
	 Figure 2 shows micrographs of the cell morphology. 
Neurite outgrowth occurred on days 5 and 6 of 
differentiation. However, no significant morphological 
changes due to DHA addition were observed on days 5 
or 6.
	 Figure 3 shows nNOS protein expression in 
NG108-15 cells after incubation for 5 or 6 days in 
differentiation-inducing medium. In the DIF(+)DHA(−) 
group, nNOS protein expression was increased on 
days 5 and 6 compared with day 0. Additionally, in the 
DIF(+)DHA(+) group, nNOS protein expression was 
increased on days 5 and 6 compared with day 0. These 
increases tended to be enhanced by DHA addition.
	 Figure 4 shows CaMKII protein expression 
in NG108-15 cells. No significant difference was 
observed in the DIF(+)DHA(−) group even on days 5 
and 6 after treatment. However, in the DIF(+)DHA(+) 
group, a significant increase was observed on day 6 
compared with day 0, and a non-significant tendency to 
increase was observed on day 5 compared with day 0. 
However. the expressions of nNOS and CaMKII were 
not significantly different between DIF(+)DHA(-) and 

Figure 2. Microscopy observation of NG108-15 cells. The upper 
micrograph shows the day 0 (undifferentiated), the middle micrograph 
shows the DIF(+)DHA(−) group, and the lower micrograph shows the 
DIF(+)DHA(+) group.

Figure 3. Western blot analysis of nNOS expression in NG108-
15 cells on days 0 (undifferentiated), 5, and 6 of differentiation. 
(A) Representative western blots of nNOS and β-actin. (B) 
Semiquantitative analysis of nNOS/β-actin. Each column and bar 
represents the mean and SEM of four individual experiments. (* p 
< 0.05) nNOS, neuronal NO synthase; DIF, differentiation medium; 
DHA, docosahexaenoic acid; DEX, dexamethasone; dbcAMP, 
dibutyryl cyclic AMP.

Figure 4. Western blot analysis of CaMKII expression in NG108-
15 cells on days 0 (undifferentiated), 5, and 6 of differentiation. 
(A) Representative western blots of CaMKII and β-actin. (B) 
Semiquantitative analysis of CaMKII/β-actin. Each column and 
bar represents the mean and SEM of four individual experiments 
(* p < 0.05). CaMKII Ca2+/calmodulin-dependent protein kinase II; 
DIF, differentiation medium; DHA, docosahexaenoic acid; DEX, 
dexamethasone; dbcAMP, dibutyryl cyclic AMP.
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DIF(+)DHA(+) groups on day 5 and 6.
	 nNOS protein expression was increased on days 5 
and 6 compared with day 0 by differentiation without 
DHA. These increases tended to be enhanced by DHA 
(Figure 3). CaMKII protein expression was increased on 
day 6 compared with day 0 by differentiation with DHA, 
but its expression in the DHA(−) group did not change 
from day 0 to days 5 and 6. (Figure 4). Therefore, nNOS 
and CaMKII protein expression in NG108-15 cells was 
simultaneously affected by DHA.
	 It has been reported that DHA regulates the 
expression of several transcription factors. For example, 
it has been reported that DHA increases the expression 
of NeuroD, a transcription factor, which is involved in 
neural differentiation (24). It has also been reported that 
DHA increases the expression of several proteins via the 
tyrosine kinase receptor B (trkB) – extracellular signal-
regulated kinase (ERK)1/2 – cAMP-response element 
binding protein (CREB) pathway (25). In this study, it 
may be that the protein levels of CaMKII and nNOS 
were changed by being involved in these pathways and/
or other transcriptional regulation.
	 Long-term potentiation (LTP) of hippocampal 
synaptic transmission plays a role in the mechanism of 
learning memory. Glutamate receptors are involved in 
LTP induction. Glutamate receptors are ionotropic or G 
protein-coupled receptors, and the ionotropic NMDA 
receptor and its downstream CaMKII pathway play 
an important role in LTP induction (26), learning, and 
memory (27). Additionally, nNOS/endothelial NOS 
double mutations reduce hippocampal LTP in mice 
(4). It has also been reported that the NMDA receptor-
nNOS pathway acts in the induction of presynaptic 
plasticity (28). Several studies have reported that 
CaMKII and nNOS act in concert with each other 
(29,30), and colocalization of CaMKII, nNOS, and 
postsynaptic density 95 is important for acting together 
in a coordinated manner (31). nNOS activity is 
suppressed by phosphorylation of Ser845 by CaMKII 
(29). NO overproduced during ischemia suppresses 
CaMKII activity via S-nitrosylation of Cys6 (30). It has 
been reported that nNOS and CaMKII may perform 
appropriate functions by coordinating their activities with 
each other (32).
	 Several studies have reported that DHA is involved 
in neuroplasticity, LTP, learning, and memory (11,19,20). 
Although our experiments were performed in cells, 
addition of DHA caused a significant increase in 
CaMKII protein expression and a tendency to increase 
nNOS protein expression. Our findings and those 
in other reports (11,19,20) suggest that recovery of 
synaptic plasticity and learning memory by n-3 fatty 
acids is affected by regulation of nNOS and/or CaMKII 
expression by n-3 fatty acids. We believe that further 
research, including gene expression, phosphorylation, 
and intracellular localization of nNOS and CaMKII in 
vitro and in vivo, may reveal the mechanisms by which 

DHA plays several roles in brain functions.
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The interruption of anticancer infusion processes in patients undergoing chemotherapy may affect 
their quality of life and the efficacy and safety of the therapy. We experienced several interruptions 
of carboplatin infusion in multiple patients receiving paclitaxel-carboplatin combination therapy. 
Therefore, we investigated the causes of these interruptions. The filter and catheter surfaces were 
evaluated by scanning electron microscopy. Moreover, using a texture analyzer, the mechanical 
strengths of catheter-attached syringes were compared pre- and post-administration. We observed that 
the syringe pushing force requirement was higher following dripping failure. However, precipitates 
were not evident on the filter surfaces, regardless of the dripping failure route. In this case, some of 
the drug adhered to the catheters' surfaces and interrupted the carboplatin titration. Consequently, in 
patients receiving combination therapy with paclitaxel and carboplatin, and experiencing interruptions 
in carboplatin infusion, attention should be paid to the catheter.

The incidence of cancer is increasing with the aging 
population and mirrored by the rising number of 
patients undergoing cancer chemotherapy. Recently, 
several cancer chemotherapies have become available 
on an outpatient basis, allowing recipients access 
to treatment daily. Multiple medical devices are 
employed for administering anticancer drugs, including 
intravenous catheters, in-line filters, and closed-
system drug transfer devices (1). In clinical practice, 
antiemetic agents, including serotonin (5HT3) receptor 
antagonists, dexamethasone, and fosaprepitant are 
used for preventing chemotherapy-induced nausea 
and vomiting. In addition, histamine H1 and H2 
receptor antagonists act as prophylactic measures 
against allergies to anticancer drugs, such as paclitaxel, 
which are administered intravenously before initiating 
chemotherapy. Therefore, it is essential to appropriately 
assess anticancer drug compatibility with other drugs 
administered via the same route. Additionally, medical 
devices made of non-polyvinyl chloride materials should 
be utilized to avoid exposure to diethylhexyl phthalate 
during the administration of intravenous anticancer 
drugs, such as etoposide (2). Data on the interactions 
between anticancer drugs and medical devices during 
intravenous administration are currently limited.
	 We encountered several patients with ovarian cancer 

who were treated with paclitaxel and carboplatin (TC) 
therapy (3) and who could not receive the full dose 
of carboplatin owing to failure of carboplatin titration 
post paclitaxel administration. All patients had plastic 
peripheral intravenous catheters placed in their arms and 
had received fosaprepitant, meglumine, palonosetron, 
dexamethasone, chlorpheniramine, and famotidine 
from the same peripheral route before paclitaxel 
administration. If carboplatin could not be titrated, the 
infusion was improved slightly by administering saline 
before restarting carboplatin. However, despite frequent 
notifications by the infusion monitor alarm, saline and 
carboplatin were often administered alternately. The 
eventual outcome in these cases would be the complete 
removal of the peripheral intravenous catheter and 
replacement of all peripheral routes, which is a heavy 
burden on patients and nurses. While anticancer drugs 
are routinely administered via a plastic indwelling 
peripheral intravenous catheter placed in a vein in the 
arm or another body part, there is little information 
available on the interactions between the catheter 
material and the drugs. We identified the cause of 
blockage on the inner surface of these devices and 
compared the pushing force of blocked and unblocked 
catheters.
	 We investigated the cause of blockage using 
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an infusion set filter membrane and catheter used 
by a patient who could not titrate carboplatin after 
receiving paclitaxel with a TC regimen. The absence 
of precipitates in the bottle containing the solution to 
be infused was confirmed before detailed observation. 
The microstructures of the surfaces of the infusion set 
filter membranes and the catheter, obtained after the 
TC regimen, were assessed using JCM-7000 scanning 
electron microscopy (SEM) (JEOL Ltd. Tokyo, Japan). 
The disassembled in-line filter and catheters were 
immersed in distilled water for desalination. Post 
drying, they were coated with osmium tetroxide (OsO4) 
and observed by SEM. Additionally, we evaluated the 
catheter extrusion force before and after paclitaxel and 
carboplatin administration. A syringe was filled with 
5 mL water to prevent the entry of air, followed by 
placing a catheter at the tip, which was subsequently 
set in a TX-TA Plus texture analyzer (Stable Micro 
Systems, UK). The experimental conditions were 
compression at 2 mm/s, and measurements were stopped 
after the syringe had been pushed out and moved by 10 
mm. The passage of a total amount of 1.32 mL water 
through the catheters was evaluated and force–distance 
plot for 5 s was recorded. Paclitaxel IV Infusion Hospira 
(Pfizer Japan Inc., Tokyo, Japan) and carboplatin NK 
injection (Mylan Inc., Tokyo, Japan) were utilized. 
Terufusion™ (Terumo Co. Tokyo, Japan) and Surshield 
SURFLO 2 (Terumo Co.) were used as the route and 
catheter, respectively. Post administration, the catheter 
was rinsed with deionized water, dried in vacuo at room 
temperature, and used for further examination. Blockade 
after drug administration was evaluated by assessing the 
extrusion force of the syringe, which was connected by 
a tube. Statistical significance was set at a p < 0.05, and 

data were analyzed using Microsoft Excel.
	 Visual and SEM images of the filter along the 
infusion route post administration of the TC regimen 
were identical in all aspects to an unused sample with 
no evidence of adsorption on the filter surface (Figure 
1). Figure 1 (top) shows the SEM images of the 
catheter cross-sectional surface. As shown in Figure 1 
(bottom), the surface of the control catheter, immersed 
in saline for 3 h was smooth, without any evidence of 
precipitates. By contrast, precipitates were observed 
on the catheter surface post paclitaxel and carboplatin 
administration (Figure 1, bottom, B and C). Figure 
2 compares catheter extrusion force before and after 
paclitaxel and carboplatin administration. The extrusion 
force of five catheters at the end of the extrusion in 
the unused product (1.32 mL; open circle) was 0.179 
± 0.008 kg. The pushing force determined after five 
experimental procedures that involved duplicate or 
triplicate readings using two catheters was 0.277 ± 
0.018 kg. There was a significant difference in the 
catheter extrusion force before and after paclitaxel and 
carboplatin administration (p < 0.01).
	 We investigated the cause of carboplatin infusion 
interruption in a patient receiving a TC regimen. The 
surfaces of filters and catheters were evaluated using 
SEM. A texture analyzer was used to compare the 
mechanical strength of syringes and catheters before 
and after administration. There was no sediment on 
the filter surface; however, there was sediment on 
the catheter surface, resulting in higher syringe push 
force requirements. We found that adsorption to the 
catheter surface causes interference and interruption of 
carboplatin.
	 Following paclitaxel and carboplatin administration, 
a higher force of approximately 0.5 kg was required 
for catheter extrusion force compared to that required 
by an unused one. Furthermore, since the observation 
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Figure 1. (Top): Visual and SEM images of the filter along the 
infusion route post administration of a TC regimen. (Bottom): 
SEM images of the catheter surface (A) saline immersion (B) 
low and (C) high magnification of catheter cross-section post 
administration of TC regimens. 

Figure 2. Comparison of catheter extrusion force before and after 
paclitaxel and carboplatin administration. Triangle indicates the 
value used for evaluation. Error bars represent standard deviations (n 
= 5). 
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was made in the dry state, the perceived thickness may 
have been less than that of the actual precipitate. When 
patients receiving combination therapy with paclitaxel 
and carboplatin experience interruptions in carboplatin 
infusion, attention should be paid to the catheter as well 
as the filter. 
	 Catheter blockages pose two significant issues. 
First, there is the risk of a puncture during catheter 
replacement. While none of our patients complained 
of vascular pain while flushing with saline, there are 
reports of its occurrence in carboplatin-containing 
regimens (4). Second, prolonged carboplatin infusion 
time may adversely affect its efficacy or augment 
associated side effects. Adverse events, including 
increased myelosuppression, have not yet been reported 
in the context of carboplatin treatment. However, 
increased myelosuppression has been reported with 
prolonged infusion of gemcitabine (5). Evidence-based 
medicine mandates that healthcare professionals strictly 
adhere to the recommended dosages and administration 
rates during anticancer treatments, which have been 
confirmed to be effective and safe in clinical trials. 
Furthermore, doctors and nurses are well-familiarized 
with the usage of devices, such as catheters and filters, 
during drug administration. However, in the context 
of interactions between devices and therapeutic 
agents, pharmacists play a central role in scientifically 
establishing the physical properties of the materials 
used in devices and drugs. Thus, appropriate awareness 
of interactions between devices and drugs is essential 
to ensure effective and safe chemotherapy. This report 
will aid pharmacists in avoiding dose discontinuation 
scenarios caused by interactions between devices and 
therapeutic agents.
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Diospyrobezoar is a relatively uncommon cause of small bowel obstruction. Here we report 
successful treatment in a patient with small bowel obstruction due to diospyrobezoar by laparoscopic-
assisted surgery. A 93-year-old woman who had undergone distal gastrectomy and laparoscopic 
cholecystectomy presented with nausea and anorexia. An intestinal obstruction and an intestinal 
intraluminal mass were discovered on abdominal enhanced computed tomography. Following 
a transnasal ileus tube placement, the patient underwent laparoscopic surgery to remove the 
diospyrobezoar from the small intestine. The postoperative course of the patient was uneventful. 
Laparoscopic-assisted surgery following the transnasal ileus tube was beneficial for the patient's small 
bowel obstruction caused by diospyrobezoar.

Letter to the Editor,
	 Bezoars are the most common gastrointestinal 
foreign bodies. Bezoars are classified into phytobezoar, 
trichobezoars, lactobezoars, mixed medication bezoars, 
and food bolus bezoars based on their compensation (1-
5). A diospyrobezoar is a type of phytobezoar caused by 
an excess of persimmons consumption that is difficult to 
treat due to its hard consistency (1-5). Small intestinal 
obstruction caused by a primary bezoar is uncommon 
and is usually caused by the migration of a gastric 
bezoar (2-5). Dissolution with Coca-Cola® removal with 
endoscopic devices, laparotomy, and laparoscopic surgery 
are currently available treatment options for an intestinal 
bezoar (3-5). Our report describes the successful 
laparoscopic-assisted treatment of a diospyrobezoar in 
the ileum following the placement of a transnasal ileus 
tube. It was thought that the diospyrobezoar migrated 
from the stomach. 
	 In October, a 93-year-old woman with dementia 
presented to a clinic with nausea and anorexia. She had 
advanced dementia and was living with family members, 
but they were unable to fully manage her eating. She 
had been admitted to the local hospital and treated 
with conservative therapy for 10 days because she was 
suspected of having enteritis and subileus. She was 

referred to our hospital because her symptom persisted. 
She had severe dementia and it was difficult to obtain 
sufficient information about her recent daily activities, 
including eating habits. According to her medical 
records, she had a Billroth I distal gastrectomy at the age 
of 74 and laparoscopic cholecystectomy at the age of 89. 
An intestinal obstruction and an intestinal intraluminal 
mass were discovered on abdominal enhanced computed 
tomography (Figures 1A, 1B, and 1C). As a result, she 
was suspected of having small bowel obstruction caused 
by a foreign body, such as food. 
	 She had a transnasal ileus tube placed for proximal 
intestine drainage. Although the placement reduced 
intestinal dilatation, the bowel obstruction was not 
relieved. Three days after the ileus tube was placed, 
a contrast examination with Gastrografin® revealed a 
foreign body obstructing the intestinal tract to the ileus 
tube (Figure 1D). The body removal of the foreign 
body required surgery. The laparoscopic examination 
was attempted through two ports, one in the umbilicus 
and the other in the left abdomen. There was enough 
peritoneal space for laparoscopic movement because 
the ileus tube had previously decompressed the intestine 
(Figure 2A). The foreign body was easily identified in 
the distal ileum (Figure 2A), using the moving tip of 
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the transnasal ileus tube as a guide. The umbilical port 
site was then extended to a 4 cm incision to allow for 
the removal of the foreign body via an extracorporeal 
incision of the pulled-up ileum (Figures 2B, 2C, and 2D). 
The postoperative course went smoothly, and the patient 
was able to eat on the third postoperative day.
	 Bezoar extracted had a hard and fibrotic content 
(Figures 2E and 2F). Because component analysis 
revealed that this bezoar contained more than 98% tannin, 
the foreign body was classified as a diospyrobezoar. 
	 Diospyrobezoar is an uncommon but occasionally 
reported cause of small bowel obstruction (2-5). 
Although the cause of the ileus was unknown before 
surgery in our case, the hybrid procedure combining 
laparoscopic examination after intestinal decompression 
and open surgery with a small incision was effective in 
removing the intraluminal foreign body.
	 Diospyrobezoar is an unknown cause of small bowel 
obstruction (2-5). Based on imaging studies alone, it 
is extremely difficult to determine that the cause of the 
small bowel obstruction is a diospyrobezoar (6,7). A 
diospyrobezoar in the small intestine cannot be removed 
using standard upper gastrointestinal endoscopy and 
must be removed using a double-balloon endoscopy. It is 
difficult to try the dissolution by Coca-Cola® without a 
confirmed diagnosis. Although small bowel obstruction 
limits the working space for laparoscopic surgery and 
makes findings foreign bodies difficult, the laparoscopic 
approach to small bowel obstruction is becoming more 
popular (8,9). We had enough working space because 
we performed the laparoscopic procedure after intestinal 
decompression with a transnasal ileus tube, and the 
foreign body was easily identified.

	 Previous gastric surgery, persimmon consumption, 
and diabetes mellitus, among other things, are known 
risk factors for diospyrobezoar (1,3-5). She had 
previously had a distal gastrectomy. It was later revealed 
that she had harvested and eaten many persimmons 
from her garden before the outbreak. However, due to 
her advanced dementia, this critical information for the 
preoperative diagnosis could not be obtained. The post-
gastrectomy state, possibly uncontrolled persimmon 
intake due to senile dementia, and the season with 
abundant persimmon in the rural area should all be 
considered for the diagnosis. 
	 In conclusion, laparoscopic-assisted surgery of an 
intestinal diospyrobezoar with intentional decompression 
using a transnasal ileus tube is useful and can be applied 
to other intraluminal foreign bodies. 
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Figure 1. Findings from an imaging study. (A) Computed 
tomography scan reveals a small bowel obstruction. (B, C) Enhanced 
computed tomography reveals a foreign body obstructing the small 
bowel (red allow head). (D) Contrast examination revealed a foreign 
body obstructing the intestinal tract at the ileus tube’s end (red allow 
head).

Figure 2. Findings from operations. The foreign body in the 
intestine was easily identified and extracted from the abdominal 
cavity (A, B) (red allow head). The foreign body was removed from 
the small intestine (C, D). (E, F) The appearance of the foreign body 
was removed.
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medical practice that are of immediate importance. Depending on 
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figure or table.
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	 Drug Discoveries & Therapeutics will perform an especially 
prompt review to encourage innovative work. All original research will 
be subjected to a rigorous standard of peer review and will be edited by 
experienced copy editors to the highest standards.

Ethical Approval of Studies and Informed Consent: For all 
manuscripts reporting data from studies involving human participants 
or animals, formal review and approval, or formal review and waiver, 
by an appropriate institutional review board or ethics committee is 
required and should be described in the Methods section. When your 
manuscript contains any case details, personal information and/or 
images of patients or other individuals, authors must obtain appropriate 
written consent, permission and release in order to comply with all 
applicable laws and regulations concerning privacy and/or security 
of personal information. The consent form needs to comply with the 
relevant legal requirements of your particular jurisdiction, and please 
do not send signed consent form to Drug Discoveries & Therapeutics 
to respect your patient’s and any other individual’s privacy. Please 
instead describe the information clearly in the Methods (patient 
consent) section of your manuscript while retaining copies of the signed 
forms in the event they should be needed. Authors should also state that 
the study conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013, https://wma.net/what-we-do/medical-ethics/
declaration-of-helsinki). When reporting experiments on animals, 
authors should indicate whether the institutional and national guide for 
the care and use of laboratory animals was followed.

Reporting Clinical Trials: The ICMJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-trial-
registration.html) defines a clinical trial as any research project that 
prospectively assigns people or a group of people to an intervention, 
with or without concurrent comparison or control groups, to study 
the relationship between a health-related intervention and a health 
outcome. Registration of clinical trials in a public trial registry 
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at or before the time of first patient enrollment is a condition of 
consideration for publication in Drug Discoveries & Therapeutics, 
and the trial registration number will be published at the end of the 
Abstract. The registry must be independent of for-profit interest and 
publicly accessible. Reports of trials must conform to CONSORT 
2010 guidelines (https://consort-statement.org/consort-2010). Articles 
reporting the results of randomized trials must include the CONSORT 
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual or 
potential conflict of interest including financial interests or relationships 
with other people or organizations that might raise questions of bias 
in the work reported. If no conflict of interest exists for each author, 
please state "There is no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered for 
submission to Drug Discoveries & Therapeutics, the authors 
should confirm that 1) no part of this manuscript is currently under 
consideration for publication elsewhere; 2) this manuscript does 
not contain the same information in whole or in part as manuscripts 
that have been published, accepted, or are under review elsewhere, 
except in the form of an abstract, a letter to the editor, or part of a 
published lecture or academic thesis; 3) authorization for publication 
has been obtained from the authors' employer or institution; and 4) all 
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suitable academic editor will be notified of the submission and invited 
to check the manuscript and recommend reviewers. Academic editors 
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conflicts of interest of editors. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript, review, and editorial decisions are managed by another 
designated editor without a conflict of interest related to the manuscript. 
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anonymized review process, which means that reviewers know the 
names of the authors, but the authors do not know who reviewed their 
manuscript. All articles are evaluated objectively based on academic 
content. External peer review of research articles is performed by at 
least two reviewers, and sometimes the opinions of more reviewers 
are sought. Peer reviewers are selected based on their expertise 
and ability to provide quality, constructive, and fair reviews. For 
research manuscripts, the editors may, in addition, seek the opinion 
of a statistical reviewer. Every reviewer is expected to evaluate the 
manuscript in a timely, transparent, and ethical manner, following the 
COPE guidelines (https://publicationethics.org/files/cope-ethical-
guidelines-peer-reviewers-v2_0.pdf). We ask authors for sufficient 
revisions (with a second round of peer review, when necessary) before 
a final decision is made. Consideration for publication is based on 
the article’s originality, novelty, and scientific soundness, and the 
appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are qualified 
to assess the scientific merit of the study is welcomed. Reviewer 
information including names, affiliations, addresses, and e-mail should 
be provided at the same time the manuscript is submitted online. Please 
do not suggest reviewers with known conflicts of interest, including 
participants or anyone with a stake in the proposed research; anyone 
from the same institution; former students, advisors, or research 
collaborators (within the last three years); or close personal contacts. 
Please note that the Editor-in-Chief may accept one or more of the 
proposed reviewers or may request a review by other qualified persons.

Language Editing: Manuscripts prepared by authors whose native 
language is not English should have their work proofread by a native 
English speaker before submission. If not, this might delay the 
publication of your manuscript in Drug Discoveries & Therapeutics.
	 The Editing Support Organization can provide English 

proofreading, Japanese-English translation, and Chinese-English 
translation services to authors who want to publish in Drug Discoveries 
& Therapeutics and need assistance before submitting a manuscript. 
Authors can visit this organization directly at https://www.iacmhr.com/
iac-eso/support.php?lang=en. IAC-ESO was established to facilitate 
manuscript preparation by researchers whose native language is not 
English and to help edit works intended for international academic 
journals.

Copyright and Reuse: Before a manuscript is accepted for publication 
in Drug Discoveries & Therapeutics, authors will be asked to sign 
a transfer of copyright agreement, which recognizes the common 
interest that both the journal and author(s) have in the protection of 
copyright. We accept that some authors (e.g., government employees 
in some countries) are unable to transfer copyright. A JOURNAL 
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the 
authors by the Editorial Office and must be returned by the authors 
by mail, fax, or as a scan. Only forms with a hand-written signature 
from the corresponding author are accepted. This copyright will ensure 
the widest possible dissemination of information. Please note that the 
manuscript will not proceed to the next step in publication until the JPA 
Form is received. In addition, if excerpts from other copyrighted works 
are included, the author(s) must obtain written permission from the 
copyright owners and credit the source(s) in the article. 

4. Cover Letter

The manuscript must be accompanied by a cover letter prepared by 
the corresponding author on behalf of all authors. The letter should 
indicate the basic findings of the work and their significance. The 
letter should also include a statement affirming that all authors concur 
with the submission and that the material submitted for publication 
has not been published previously or is not under consideration for 
publication elsewhere. The cover letter should be submitted in PDF 
format. For an example of Cover Letter, please visit: Download 
Centre (https://www.ddtjournal.com/downcentre).

5. Submission Checklist

The Submission Checklist should be submitted when submitting 
a manuscript through the Online Submission System. Please visit 
Download Centre (https://www.ddtjournal.com/downcentre) and 
download the Submission Checklist file. We recommend that authors 
use this checklist when preparing your manuscript to check that all 
the necessary information is included in your article (if applicable), 
especially with regard to Ethics Statements.

6. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with 
the "Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals", as presented at 
http://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct English 
and submitted as a Microsoft Word file in a single-column format. 
Manuscripts must be paginated and typed in 12-point Times New 
Roman font with 24-point line spacing. Please do not embed figures 
in the text. Abbreviations should be used as little as possible and 
should be explained at first mention unless the term is a well-known 
abbreviation (e.g. DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper (Please 
note the title should be short, informative, and contain the major key 
words); 2) full name(s) and affiliation(s) of the author(s), 3) abbreviated 
names of the author(s), 4) full name, mailing address, telephone/fax 
numbers, and e-mail address of the corresponding author; 5) author 
contribution statements to specify the individual contributions of all 
authors to this manuscript, and 6)  conflicts of interest (if you have an 
actual or potential conflict of interest to disclose, it must be included as 
a footnote on the title page of the manuscript; if no conflict of interest 
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Examples are given below:

Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on Drug 
Discoveries and Therapeutics 2008: The need of Asian pharmaceutical 
researchers' cooperation. Drug Discov Ther. 2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung 
cancer: Collaborative analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history and life 
course. In: Post-traumatic Stress Disorder, Diagnosis, Management 
and Treatment (Nutt DJ, Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – 
primary health care: Now more than ever. https://apps.who.int/iris/
handle/10665/43949 (accessed September 23, 2022).

Tables: All tables should be prepared in Microsoft Word or Excel and 
should be arranged at the end of the manuscript after the References 
section. Please note that tables should not in image format. All tables 
should have a concise title and should be numbered consecutively 
with Arabic numerals. If necessary, additional information should be 
given below the table.

Figure Legend: The figure legend should be typed on a separate 
page of the main manuscript and should include a short title and 
explanation. The legend should be concise but comprehensive and 
should be understood without referring to the text. Symbols used 
in figures must be explained. Any individually labeled figure parts 
or panels (A, B, etc.) should be specifically described by part name 
within the legend.

Figure Preparation: All figures should be clear and cited in numerical 
order in the text. Figures must fit a one- or two-column format on the 
journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 cm (6.8 
in.) wide for a double column; maximum height: 24.0 cm (9.5 in.). 
Please make sure that artwork files are in an acceptable format (TIFF 
or JPEG) at minimum resolution (600 dpi for illustrations, graphs, and 
annotated artwork, and 300 dpi for micrographs and photographs). 
Please provide all figures as separate files. Please note that low-
resolution images are one of the leading causes of article resubmission 
and schedule delays.

Units and Symbols: Units and symbols conforming to the 
International System of Units (SI) should be used for physicochemical 
quantities. Solidus notation (e.g. mg/kg, mg/mL, mol/mm2/min) 
should be used. Please refer to the SI Guide www.bipm.org/en/si/ for 
standard units.

Supplemental data: Supplemental data might be useful for 
supporting and enhancing your scientific research and Drug 
Discoveries & Therapeutics accepts the submission of these materials 
which will be only published online alongside the electronic version 
of your article. Supplemental files (figures, tables, and other text 
materials) should be prepared according to the above guidelines, 
numbered in Arabic numerals (e.g., Figure S1, Figure S2, and Table 
S1, Table S2) and referred to in the text. All figures and tables should 
have titles and legends. All figure legends, tables and supplemental 
text materials should be placed at the end of the paper. Please note all 
of these supplemental data should be provided at the time of initial 
submission and note that the editors reserve the right to limit the size 

exists for each author, please state "There is no conflict of interest to 
disclose"). 

Abstract: The abstract should briefly state the purpose of the study, 
methods, main findings, and conclusions. For article types including 
Original Article, Brief Report, Review, Policy Forum, and Case Report, 
a one-paragraph abstract consisting of no more than 250 words must 
be included in the manuscript. For Communications, Editorials, News, 
or Letters, a brief summary of main content in 150 words or fewer 
should be included in the manuscript. For articles reporting clinical 
trials, the trial registration number should be stated at the end of the 
Abstract. Abbreviations must be kept to a minimum and non-standard 
abbreviations explained in brackets at first mention. References should 
be avoided in the abstract. Three to six key words or phrases that do not 
occur in the title should be included in the Abstract page.

Introduction: The introduction should provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings. 

Materials/Patients and Methods: The description should be brief but 
with sufficient detail to enable others to reproduce the experiments. 
Procedures that have been published previously should not be 
described in detail but appropriate references should simply be cited. 
Only new and significant modifications of previously published 
procedures require complete description. Names of products and 
manufacturers with their locations (city and state/country) should be 
given and sources of animals and cell lines should always be indicated. 
All clinical investigations must have been conducted in accordance 
with the Declaration of Helsinki (as revised in 2013, https://wma.
net/what-we-do/medical-ethics/declaration-of-helsinki). All human 
and animal studies must have been approved by the appropriate 
institutional review board(s) and a specific declaration of approval 
must be made within this section.

Results: The description of the experimental results should be succinct 
but in sufficient detail to allow the experiments to be analyzed and 
interpreted by an independent reader. If necessary, subheadings may 
be used for an orderly presentation. All Figures and Tables should be 
referred to in the text in order, including those in the Supplementary 
Data. 

Discussion: The data should be interpreted concisely without repeating 
material already presented in the Results section. Speculation is 
permissible, but it must be well-founded, and discussion of the wider 
implications of the findings is encouraged. Conclusions derived from 
the study should be included in this section.
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and length of Supplemental Data.

7. Online Submission

Manuscripts should be submitted to Drug Discoveries & Therapeutics 
online at https://www.ddtjournal.com/login. Receipt of your 
manuscripts submitted online will be acknowledged by an e-mail from 
Editorial Office containing a reference number, which should be used 
in all future communications. If for any reason you are unable to submit 
a file online, please contact the Editorial Office by e-mail at office@
ddtjournal.com
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per page for black white pages, $340 per page for color pages; News 
/ Letters: a total cost of $600). Under exceptional circumstances, 
the author(s) may apply to the editorial office for a waiver of the 
publication charges by stating the reason in the Cover Letter when the 
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