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> Department of Anaesthesiology, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, Karnataka, India;
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SUMMARY

In the face of the ongoing pandemic, the primary care physicians in India are dealing not only with an

increased number of patients but are also facing difficulties in the management of complex critically
ill patients. To guide the management plans of primary care physicians, several guidelines have been
published by the central and state health bodies. In such a situation, an updated and unifying state,
national and international guidelines based on critical analysis and appraisal of evolving data is the
need of the hour. In this review, we critically analysed the current existing guidelines that have been
formulated within India in light of recent evidence.

Keywords

1. Introduction

India's healthcare sector was on its knees during the
second wave due to the high number of Coronavirus
disease-2019 (COVID-19) cases. Besides the shortage
of hospital beds, oxygen supply, and medications
highlighted in the news reports, primary care physicians
all over the country were dealing with increasingly
complex and critically ill patients. With new research
papers getting published every day, it is incredibly
challenging for physicians to keep abreast with the
latest evidence. As a result, most physicians resort to the
clinical management guidelines published by competent
authorities. The problem lies with the number of
different guidelines (state, national, international) that
differ on the critical aspects of management. For this
commentary, the websites of the Infectious disease
Society of America (IDSA), World Health Organisation
(WHO), and health bodies of central/state governments
of India were searched for the last available guidelines
on the management of COVID-19 as of 31.05.2021.
Apart from the national guidelines, the guidelines
from various states were available. While most of the
states endorsed the national management protocol; the
states of Goa (GA), Jharkhand (JH), Karnataka (KA),
Kerala (KL), Madhya Pradesh (MP), Maharashtra
(MH), Meghalaya (MG), Tamil Nadu (TN), and West
Bengal (WB) had their management guidelines. Last
year, we published a comprehensive review pointing to
the lack of congruency between these guidelines (7).

Coronavirus disease 2019, SARS-CoV-2, antiviral

Since then, the guidelines have been revised, but the
lack of congruency continue to exist. This review aims
to examine the existing guidelines for congruence and
critically analyse them in light of current evidence.

The definitions for categorising the severity of
COVID-19 varied with guidelines. For uniformity,
the spectrum of COVID-19 has been categorised
into mild, moderate and severe in this review. The
multiple definitions for these categories used in the
guidelines have been summarised in Table 1. The
recommendations of the guidelines have been tabulated
in Table 2. The current evidence on the utility of drugs
and therapeutics of COVID-19 has been summarised in
Table 3.

2. Hydroxychloroquine (HCQ)

HCQ was initially recommended based on small non-
randomised studies, but later studies showed no effect
of HCQ on mortality (2,3). However, it was evident
from the results of the SOLIDARITY trial that the
use of HCQ is not associated with any decrease in
mortality, the requirement of ventilation and hospital
stay (4,5). The drug was also suggested for post-
exposure prophylaxis by some guidelines, but a
randomised trial found that HCQ did not prevent illness
when initiated within four days of exposure (6). HCQ
also failed to show any reduction in symptom severity
in patients of COVID-19 when given early in the course
(7). Therefore, the WHO and IDSA have recommended

www.ddtjournal.com
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Table 1. Classification scheme of COVID-19 and definitions used by various guidelines

Guidelines Mild Moderate Severe
WHO Symptoms without evidence of viral Pneumonia + no signs of severe Pneumonia + RR > 30 per minute; severe
pneumonia or hypoxia. pneumonia + SpO2 > 90% respiratory distress; or SpO2 < 90%
IDSA Non-severe illness - patient with SpO2 > 94%; not requiring supplemental oxygen  SpO2 < 94%
India No dyspnoea and Spo2 > 94% Pneumonia + SpO2 90 to <93%, RR > Pneumonia + RR >30 per minute, severe
24 per minute respiratory distress, SpO2 < 90%
Jharkhand Non critically ill + hemodynamically stable RR > 30 per minute, SpO2 < 90%, altered sensorium, oliguria, high

Kerala
minute, SpO2 > 94%

Madhya Pradesh  No dyspnoea, SpO2 > 94%, RR < 16/min

Maharashtra A - asymptomatic, B - Symptomatic
comorbidity - obesity, age > 60 years, DM,
hypertension/IHD, chronic lung disease,
immunosuppressed, CKD

Meghalaya Category A - asymptomatic

Category B - Symptomatic with no signs of
severe pneumonia; RR - 16-24 per minute,
Spo2 > 94%

Tamil Nadu RR <24 per minute, Spo2 > 94%

Goa No dyspnoea, SpO2 > 93%

Pneumonia + SpO2 90 - 94%

Pneumonia + SpO2: 90-94%, RR > 24
without comorbidity, C - Symptomatic with per minute.

lactate, bilateral radiograph opacities

No breathlessness or Hypoxia, RR <24 per RR - 24-29 per minute, SpO2 - 91-94% RR > 30 per minute, SpO2 < 90 %

Pneumonia + severe respiratory distress,
Sp0O2 < 90%

Pneumonia + RR > 30 per minute, severe
respiratory distress, SpO2 < 90%

Category C (Severe) - RR > 24 per minute, SpO2 < 94%
Category D (Critical) - RR > 30 per minute, SpO2 < 90%

RR- 24-30 per minute, SpO2 - 90 - 94% RR > 30 per minute, SpO2 < 90%

Pneumonia + RR > 30 per minute, severe

Pneumonia + SpO2 90 to <93%, RR >  respiratory distress, SpO2 < 90%

24 per minute

West Bengal Symptoms without shortness of breath

RR > 24 per minute; SpO2 < 94%;

Moderate Disease + ARDS, sepsis, septic

altered sensorium drowsiness/confusion/ shock
stupor; infiltrates on Chest X-ray;
altered liver and renal function tests

Abbreviation: WHO, World Health Organisation; IDSA, Infectious disease Society of America; RR, respiratory rate; SpO2, oxygen saturation;
DM, diabetes mellitus; IHD, ischaemic heart disease; CKD, chronic kidney disease; ARDS, acute respiratory distress syndrome.

against the use of HCQ in COVID-19 in their latest
guidelines. While HCQ is no more recommended in
national guidelines and state guidelines of KL, TN &
WB, several state guidelines (JH, MG, MH, MP, KA)
continue to recommend it.

3. Ivermectin

Ivermectin, an anti-parasitic drug, has also found a
place in the treatment of COVID-19 since the start
of the pandemic. A pilot randomised trial reported a
reduction in self-reported symptoms using ivermectin
within 72 hours of the onset of symptoms (&). Another
study found reduced time to negativity with ivermectin
(9). However, in two randomised, double-blind placebo-
controlled trials, on mild (Lopez Medina et al.) and
severe (Galan ef al.) patients, there was no improvement
in clinical outcomes with ivermectin (/0,11). Ivermectin
use has been incorporated in some guidelines based on a
meta-analysis of 18 studies showing decreased mortality
with ivermectin (/2). However, most of these studies
had a very high risk of bias and one of the study from
the meta-analysis has been retracted. In the absence of
new studies demonstrating absolute benefit, ivermectin

has been removed from the national guidelines, but some
states still recommend it (JH, KL, MH, TN, GA, WB).

4. Favipiravir

Favipiravir is a selective and potent inhibitor of influenza
RNA polymerase. An initial, before-after, comparative
study found a shorter median time to viral clearance
and significant improvement in radiological findings
(13). It was initially postulated that early administration
of favipiravir might be more useful. Still, a study
showed no difference in early vs. late administration of
favipiravir in asymptomatic or mild COVID19 illness
(/4). In the open labelled trial from India, the viral
clearance time was not significant, but the subjective
clinical cure was faster in those who received
favipiravir (/5). However, subsequent studies by
Dabbous et al., Solaymani-Dodaran ef al., and Khamis
et al. did not show any significant clinical benefit
with favipiravir (/6-18). The WHO and IDSA do not
make any recommendation on the use of favipiravir in
COVID-19. However, based on small studies showing
limited benefit, favipiravir is recommended in some
state guidelines (KL and MH).
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Table 3. Summary of studies of pharmaceuticals used for the treatment of COVID-19

Study N Type of study Severity Study arms Results Ref.
Hydroxychloroquine (HCQ) with/without azithromycin (A)
Geleris et al. 1376 Retrospective All severity HCQ-59% No association between HCQ use and 2)
No HCQ-41% decrease in intubation or death
Rosenberg et al. 1438 Retrospective All severity HCQ-51% Treatment with either drug not associated 3)
HCQ+A-19% with improvement in mortality
A-15%
Neither-15%
RECOVERY 11,197 Open RCT Hospitalised patients HCQ-1561 Treatment with HCQS was not associated  (4)
Usual care-3155 with a reduction in mortality
SOLIDARITY 1860 Open RCT Hospitalised adults HCQ-954 No decrease in mortality, a requirement of  (5)
(All severity) No HCQ-906 ventilation and hospital stay
Boulware et al. 821 Double blind Exposure to case HCQ-50% HCQ did not prevent infection when used  (6)
placebo RCT within four days Placebo-50% as a post-exposure prophylaxis
Skipper et al. 491 Double blind Symptomatic HCQ-50% HCQ did not reduce symptom severity (7)
placebo RCT non-hospitalised Pacebo-50%
Ivermectin (IVM)
Chaccour et al. 24 Double blind Mild IVM-12 No difference in Day 7 viral load 8
placebo RCT Placebo-12
Babalola et al 62 Double blind Mild IVM-6mg-21 Time to negativity was lesser in [VM 9)
placebo RCT IVM-12 mg-21 (dose-dependant)
LPV/r-20
Galan et al. 168 Double blind Severe HCQ-54 No difference in requirement of ICU (10)
RCT CQ-61 admission or mortality
IVM-53
Lopez Medina ef al. 400 Double blind Mild, less than IVM-200 No significant improvement in resolution (/1)
placebo RCT seven days Placebo-200 of symptoms
Favipiravir CT
Cai et al. 80 Opennon-RCT Mild FPV-35 Shorter time to viral clearance with FPV. (13)
LPV/r-45 Significant improvement in radiology more
common with FPV.
Doi et al.
89 Open RCT Mild Early FPV (D1)-44 No significant difference in viral clearance (/4)
Late FPV (D6)-45  in early vs late
Udwadia et al.
150 Open RCT Mild FPV-75 Time to cessation of viral shedding- not (15)
SOC-75 significantly different but faster clinical
cure
Dabbous et al.
100 Open RCT Mild and Moderate ~ FPV-50 Time to defervescence and time to (16)
HCQ-50 negativity not different
Solaymani-dodaram
et al. 380 Open RCT Moderate/severe FPV-193 Mortality, requirement of intubation, ICU  (17)
LPV/r-187 admission, Duration of stay not different
Khamis et al.
89 Open RCT Moderate/severe FPV-44 No significant difference in clinical (18)
HCQ-45 outcomes
Remdesivir (RDV)
Wang et al. 237 Double blind Moderate/Severe RDV-67% RDV not associated with significant (19)
placebo RCT Placebo-33% clinical improvement
Beigel et al. 1059 Double blind Pneumonia RDV-51% RDV shortened the time to recovery (20)
(ACTTI) placebo RCT Placebo-49%
SOLIDARITY 5451 Open RCT Hospitalised RDV-2743 No decrease in mortality, requirement of )
(All severity) No RDV-2708 ventilation and hospital stay

Abbreviation: SOC, standard of care; ICU, Intensive Care Unit; Dexa, dexamethasone; MPS, methylprednisolone; hydrocort, hydrocortisone;
ECMO, extracorporeal membrane oxygenation; RCT, randomised controlled trial; Open, Open-labelled, placebo- placebo controlled.

5. Remdesivir

Remdesivir is a nucleoside analogue, which acts by
inhibiting the ribonucleic acid (RNA) dependent RNA
polymerase. In a multi-centric placebo-controlled trial
from China, remdesivir use was not associated with a

difference in time to clinical improvement (/9). Two
of the most significant studies on the use of remdesivir
showed contradictory results. In the ACTT-1 trial,
remdesivir showed a faster time to recovery in patients
with lung involvement (20). However, the results of
the SOLIDARITY trial showed no significant benefit
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Table 3. Summary of studies of pharmaceuticals used for the treatment of COVID-19 (continued)

Study N Type of study Severity Study arms Results Ref.
Steroids
RECOVERY 6,425 Open RCT Hospitalised Dexa-33% Reduced mortality in those receiving (21)
SOC-67% oxygen therapy or mechanical ventilation
Edalatifard et al. 68 Single arm Severe, hospitalised MPS pulse-34 Significant improvement in survival time (22)
patients SOC-34
Tomazini et al. 299 Open RCT Moderate-severe Dexa-151 Significant increase in ventilator-free days ~ (23)
ARDS SOC-148
REMAP-CAP trial 384 Open RCT Severe Hydrocort-283 No signifcant difference (24)
SOC-101
Tang et al. 86 Single-blind, Hospitalised MPS-43 No significant difference (25)
RCT Control-43
Gudino et al. 64 Open RCT Moderate-severe MPS-35 No significant difference (26)
disease SOC-26
Tocilizumab (Tcz)
Guaraldi et al. 544 Retrospective Severe SOC-67% Tcz associated with reduced mortality and ~ (30)
Tez-33% mechanical ventilation
Biran et al. 764 Retrospective ICU patients SOC-73% Tcz was associated with decreased mortality (37)
Tez-27%
Salama et al. 389 Double blind Moderate/severe Tez-249 Reduced likelihood of getting mechanically  (32)
placebo RCT Placebo-128 ventilated; no benefit in overall survival
Soin et al. 180 Open RCT Moderate to severe  Tcz-90 tocilizumab did not provide additional (33)
COVID19 SOC-90 benefit
RECOVERY 1,350 Open RCT Moderate/severe Tcz-621 Improved survival and other clinical (34)
CRP> 75 mg/L SOC-729 outcomes with tcz
Convalescent Plasma (CP)
Xia et al. 1,568 Retrospective Severe/critical CP-9% Reduction in mortality and improvement of  (35)
No CP-91% clinical symptoms
Abolghasemi et al. 189 Opennon-RCT  Moderate/severe CP-61% Decreased hospital stay and mortality (36)
No CP-39%
Lietal 103 Open RCT Severe/life- CP-50% No significant improvement in time to (37)
threatening No CP-50% clinical improvement
PLACID trial 464 Open RCT Moderate CP-235 CP not associated with a reduction in (38)
SOC-229 progression or reduction of mortality
Libster et al. 160 Double blind Older adults within ~ CP with high Early administration of high titre CP (39)
placebo RCT 72 hours of mild titre-80 reduced disease progression
disease Placebo-80
Abani et al. 11,558 Open RCT Hospitalised CP-5795 CP does not decrease mortality (40)
(RECOVERY) SOC-5763
Inhaled Steroids
STOIC trial 146 Open RCT Mild within 7 days ~ Budesonide-73 Early administration reduced the 41)
SOC-73 requirement of urgent care
PRINCIPLE trial 1,779 Open RCT Mild within < 14 Budesonide-751  Time to clinical recovery shorter (42)
days SOC-1028
Anti-coagulation
INSPIRATION trial 600 Open RCT ICU patients Intermediate-276 ~ No significant difference in the composite  (43)
Standard- 286 outcome of thrombosis, treatment with
ECMO, or mortality
ATTACC 1,074 Open RCT Severe Therapeutic No significant difference in organ-support — (44)
dose- 529 free days and survival
Standard
prophylaxis-545
ATTACC 2,245 Open RCT Hospitalized but Therapeutic Improved survival with therapeutic dose (45)
not critically ill dose- 1190
Standard

prophylaxis-1055

Abbreviation: SOC, standard of care; ICU, Intensive Care Unit; Dexa, dexamethasone; MPS, methylprednisolone; hydrocort, hydrocortisone;
ECMO, extracorporeal membrane oxygenation; RCT, randomised controlled trial; Open, Open-labelled, placebo- placebo controlled.
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with remdesivir (5). Based on available data, the WHO
gave a conditional recommendation against remdesivir,
but the IDSA recommends its use in severe COVID-19
cases. The national and state guidelines (KL, MH, MG
and WB) recommend its use in hospitalised, moderate
to severe COVID-19 cases. Several parts of the country
reported a shortage of remdesivir in the second wave. In
addition, there were reports of patient attendants paying
an excessive amount of money to procure this drug. It
must be therefore emphasised that the drug has limited
impact on improvement in mortality outcomes.

6. Systemic steroids (oral/intravenous)

In the RECOVERY trial, dexamethasone was found
to help decrease 28-day mortality in patients requiring
oxygen (21). Other large studies echoed the findings
of the RECOVERY trial (22-24). The RECOVERY
trial showed that the benefit of steroids was in patients
who had > 7 days of illness. Early use (< 7 days)
of steroids was associated with worse outcomes. A
study by Tang et al. showed that early use of steroids
might prolong viral shedding (25). Despite the lack of
evidence, national guidelines allow steroids in those
without oxygen requirements but with illness (fever
and cough) beyond seven days. TN state has also
recommended the use of steroids in a sub-category
of patients with mild illness. Overall, although the
national and state guidelines are consistent with
their recommendation on steroid use in moderate-
severe cases, there is a lot of heterogeneity in dosing
schedules. While some guidelines (IDSA, WHO, MG,
MP) mention fixed-dose steroids, others recommend
weight-based dosing. MP guidelines recommend the
use of 500 mg methylprednisolone pulse therapy in
severe disease, which any other guideline has not
endorsed. Except for a few studies with small sample
size, steroids use in patients requiring oxygen is
generally associated with improved outcomes (26).
Increasing immunosuppression without forethought
can be detrimental by increasing secondary infections
and sepsis (27). This becomes more important as we
see an unprecedented rise in COVID-19 associated
mucormycosis cases. Steroids not only suppresses the
immune system but also causes deranged blood sugar
levels, both of which are important risk factors for the
development of mucormycosis (28,29).

7. Tocilizumab

Tocilizumab, an interleukin (IL)-6 receptor inhibitor,
is an approved treatment for chimeric antigen receptor
(CAR) T-cell therapy-related cytokine release syndrome.
In severe COVIDI19, tocilizumab was postulated to
decrease the cytokine surge and associated hyper-
inflammation, in severe illness, by blocking the site of
IL-6. In a case-control study, including 544 patients

of severe COVID19 pneumonia (RR > 30/min, Spo2
< 93% on room air) (30), the use of tocilizumab was
associated with statistically significant benefit in
reducing the need for ventilation or death. In another
retrospective cohort study of 764 patients, tocilizumab
in 210 patients was associated with reduced mortality
(31). The first prospective data came from a multi-
national, multi-centric study of 389 patients, randomised
in a 2:1 manner in tocilizumab and placebo groups,
respectively (32). The use of tocilizumab in 249
patients reduced the likelihood of getting mechanically
ventilated, but no benefit in overall survival was noted.
In a trial from India including 180 patients (1:1 manner)
in tocilizumab and standard of care groups, tocilizumab
did not provide additional benefit (33). The results of
the RECOVERY trial showed improved survival in
those with saturation less than 93% and C-reactive
protein > 75 mg/L (34). Whereas WHO has made no
recommendation on its use, IDSA, Indian national
guidelines, and certain states (KL, MH, MG and WB)
have recommended its use in a select few cases.

8. Convalescent plasma

Convalescent plasma (CP) was postulated to act as a
source of neutralising antibodies that can inhibit the
replication of the virus. The data from retrospective,
observational studies, showing benefit, provided
the basis for prospective studies (35,36). However,
randomised control trials failed to show any benefit
with convalescent plasma (37,38). Libster ef al. showed
that early use of high-titre CP (within 72 hours) might
halt the disease progression in elderly individuals (39).
However, the use of CP within three days of onset
in a high burden resource-limited setting is highly
impractical. Besides, the results of the RECOVERY
trial show that even high titre CP does not decrease
mortality (40). Therefore, in accordance with the
WHO and IDSA, the national guidelines have changed
their stance on 17.05.21 and do not recommend CP in
COVID-19. While most states recommend CP only in a
trial setting, KL and MH continue to recommend CP as
a part of clinical care in COVID-19.

9. Inhaled steroids

Owing to the remarkable success of systemic steroids,
it was hypothesised that inhaled steroids might play
a role in preventing progression when given early in
course in patients with persistent symptoms. The two
published, STOIC trial and PRINCIPLE trial showed
a reduced time to recovery and reduced need for
emergency care (41,42). The WHO and IDSA do not
make any recommendations on inhaled steroid use in
COVID-19. However, inhalational budesonide has been
recommended in mild illness with persistent symptoms
by the national guidelines and KL state guidelines.
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10. Anticoagulation

Anticoagulation has been one of the critical pillars
in moderate-severe disease management. Although
their use in moderate to severe diseases is uniformly
recommended, there is a lack of clarity on the
dosing schedule (low-dose vs. intermediate/high-
dose prophylaxis or therapeutic anticoagulation).
INSPIRATION trial in critically ill patients with
COVID-19 showed no difference between standard
vs. intermediate prophylactic dose of anticoagulation
in terms of the composite outcome of thrombosis,
treatment with extracorporeal membrane oxygenation,
or mortality within 30 days (43). While the WHO and
IDSA recommend using low dose anticoagulation for
thromboprophylaxis, national and state guidelines have
mentioned variable doses. Pooled analysis from three
trials (REMAP-CAP, ACTIV-4a and ATTAC trials) show
that although the incidence of thrombotic events is lesser
in the therapeutic anticoagulation group, there was no
difference in major thrombotic events and mortality (44).
In another analysis, therapeutic doses of anticoagulation
decreased the need for oxygen support in non-critically
ill hospitalised patients (45). Only MP state guidelines
mention therapeutic doses of anticoagulation but do
not distinguish between critically and non-critically ill
patients.

In summary, despite the lack of evidence, some
guidelines continue to recommend HCQ, ivermectin,
favipiravir and convalescent plasma. With regards
to indication, dose and duration of steroids and anti-
coagulants, there was wide variability amongst the
various guidelines. Many of the recommendations in
the guidelines were only expert-based and sometimes
even contradictory to the best available evidence. In
addition to the massive spurt of cases in the second
wave that hampered the access to quality care, the
lack of concordance in guidelines might have added to
the confusion. Therefore, there is a need to develop a
unified living guideline for COVID management that
is evidence-informed and beneficial in curbing the
proportion of inappropriate prescriptions.
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SUMMARY

Keywords

1. Introduction

Thirteen herbal medicines, Kakkonto (TJ-001), Kakkontokasenkyushin'i (TJ-002), Hangekobokuto
(TJ-016), Shoseiryuto (TJ-019), Maoto (TJ-027), Bakumondoto (TJ-029), Hochuekkito (TJ-041),
Goshakusan (TJ-063), Kososan (TJ-070), Chikujountanto (TJ-091), Gokoto (TJ-095), Saibokuto (TJ-
096), and Ryokankyomishingeninto (TJ-119) were tested for human parainfluenza virus type 2 (hPIV-
2) replication. Eight (TJ-001, TJ-002, TJ-019, TJ-029, TJ-041, TJ-063, TJ-095 and TJ-119) out of the
thirteen medicines had virus growth inhibitory activity. TJ-001 and TJ-002 inhibited virus release,
and largely inhibited genome, mRNA and protein syntheses. TJ-019 slightly inhibited virus release,
inhibited gene and mRNA syntheses, and largely inhibited protein synthesis. TJ-029 slightly inhibited
virus release, largely inhibited protein synthesis, but gene and mRNA syntheses were unaffected. TJ-
041 only slightly inhibited virus release, the gene and mRNA syntheses, but largely inhibited protein
synthesis. TJ-091 largely inhibited gene, mRNA and protein syntheses. TJ-095 largely inhibited gene
synthesis, but NP and HN mRNAs were slightly detected, and protein syntheses were observed. TJ-119
inhibited gene, mRNA and protein syntheses. TJ-001, TJ-002, TJ-091, TJ-095 and TJ-119 inhibited
multinucleated giant cell formation derived from cell-to-cell spreading of virus. However, in TJ-019,
TJ-029 and TJ-041 treated infected cells, only small sized fused cells with some nuclei were found. TJ-
019 and TJ-041 slightly disrupted actin microfilaments, and TJ-001 and TJ-002 destroyed them. TJ-
041 slightly disrupted microtubules, and TJ-001 and TJ-002 disrupted them. In general, the medicines
effective on common cold and bronchitis inhibited hPIV-2 replication.

virus replication, recombinant green fluorescence protein-expressing hPIV-2 without matrix protein,
negative-strand RNA virus

order of hPIV-2 is 3'-(leader)-NP-V/P-M-F-HN-L-
(trailer)-5'. All genes of hPIV-2 were sequenced by

Human parainfluenza virus type 2 (hPIV-2) is one of the
major human respiratory tract pathogens of infants and
children. hPIV-2 is a member of the genus Rubulavirus
in the family Paramyxoviridae, and it possesses a single-
stranded, non-segmented, negative stranded RNA
genome of 15,654 nucleotides (/). hPIV-2 has seven
structural proteins, nucleoprotein (NP), the fifth (V),
phospho (P), matrix (M), fusion (F), hemagglutinin-
neuraminidase (HN) and large (L) proteins. The gene

our group (2-7). Monoclonal antibodies (mAbs) were
made, and antigenic diversity of clinical isolates was
investigated, by Tsurudome (8). The infectious hPIV-
2 from cDNA clone was constructed by Kawano, and it
was shown that its growth property was the same as that
of control natural hPTV-2 (9).

Traditional herbal medicines have had an important
role in Far East countries, especially in China, Korea
and Japan for many years. Shoseiryuto inhibited mouse
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adapted influenza A/G/(H3N2) or B virus replication
in nasal cavity and lung of ~6 month-old BALB/c mice
after oral administration from 7 days to 4 days after
infection, suggesting that it is useful for influenza virus
infection in aged persons and protects against both
subtypes A and B (/0). Maoto has clinical and virological
efficacy for influenza virus by inhibiting uncoating of
influenza virus A (/7). Hochuekkito also has protective
effects against influenza virus, and it stimulates the upper
respiratory mucosal immune system (/2). However,
there are no reports on the effect of traditional herbal
medicines on human parainfluenza viruses. We here
report the effects of traditional herbal medicines on the
replication of hPIV-2.

In the present investigation, thirteen herbal medicines
were tested for hPIV-2 growth, and it was found that
eight had inhibitory effects on hPIV-2. To investigate the
effects of the medicines on viral genome synthesis, virus
RNA was prepared and analyzed by PCR and real-time
PCR. To elucidate the effects of the eight drugs on mRNA
synthesis, cDNA was synthesized using oligo(dT) primer
and PCR was carried out. Virus protein expression was
observed by indirect immunofluorescence study using
mAbs against NP, F and HN proteins of hPIV-2 (8). The
inhibitory effects of the drugs on cell-to-cell spreading
of hPIV-2 were analyzed using a recombinant green
fluorescence protein (GFP)-expressing hPIV-2 without
matrix protein (thPIV-2AM-GFP) (9,13, 14). The number
of viruses released from infected cells was determined.
Cytoskeleton was reported to have an important role
in paramyxovirus replication. Actin microfilaments are
important in the hPIV-3 life cycle, specifically at the
level of viral transport and replication (/5). Tubulin also
acts as a positive transcription factor for in vitro RNA
synthesis by Sendai virus (/6). The effects of the drugs
on actin microfilaments and microtubules were analyzed
using rhodamine phalloidin and anti-tubulin o mAb,
respectively.

2. Materials and Methods
2.1. Herbal medicines

Thirteen herbal medicines were chosen because they
are effective on common cold and respiratory tract
disease. Kakkonto (TJ-001: mainly effective on common
cold, fever, headache), Kakkontokasenkyushin'i (TJ-
002: sniffle, nasal inflammation), Hangekobokuto
(TJ-016: neurosis), Shoseiryuto (TJ-019: nasal
inflammation, common cold), Maoto (TJ-027: common
cold, rheumatoid arthritis), Bakumondoto (TJ-029:
cough, bronchitis), Hochuekkito (TJ-041: tuberculosis,
bad appetite, common cold), Goshakusan (TJ-063:
gastroenteritis, headache, common cold), Kososan
(TJ-070: an early stage of common cold with poor
digestion), Chikujountanto (TJ-091: sleeplessness in the
convalescent stage of influenza or cold), Gokoto (TJ-095:

cough, asthma), Saibokuto (TJ-096: asthma, bronchitis),
Ryokankyomishingeninto (TJ-119: bronchitis, asthma)
were tested for hPIV-2 growth inhibition. The medicines
were kind gifts of Tsumura & Co. (Tokyo, Japan) and
Akatsuka Pharmacy and Minami Kampo Pharmacy in
Tsu City, Mie, Japan.

They were suspended in phosphate-buffered saline
(PBS) (100 mg/mL), autoclaved for 15 min, centrifuged
at 2,000 rpm for 5 min, and the supernatants were added
to the cell culture. The supernatant was stored at -80°C
until use.

2.2. Virus and recombinant virus

The virus and the recombinant virus were approved by
the relevant biosafety committees of Suzuka University
of Medical Science. hPIV-2 (Toshiba strain) was used.
rhPIV-2AM-GFP was constructed according to the
method described previously (9,73, 14), and it was shown
that it did not produce infectious virus particles without
addition of M protein gene in trans (data not shown).
The virus titer was determined using Vero cells and the
titer was about 1 x 10° TCID,/mL.

2.3. Cell line and cultivation of cells

LLCMK, cells (rhesus monkey kidney cell line) were
cultured in a flat-bottomed 24-well plate in 1 mL culture
medium. Minimum essential medium a (MEMa:
FUJIFILM Wako Pure Chemical, Osaka, Japan),
supplemented with 2% fetal calf serum (FCS) and 0.1
mg/mL kanamycin (Nacalai Tesque, Kyoto, Japan), was
used. The cells were cultured at 37°C in a humidified
atmosphere with 5% CO,. After three days, when the
cells became confluent (5 x 10° cells), the medium was
changed to MEMa with 0.5% FCS and 0.1 mg/mL
kanamycin. The medicines were added to the cells, and
the cells were infected with hPIV-2 (3 x 10* TCIDx).

2.4. Cytopathogenic assay

Cell fusion was observed at four days post infection
under a cell culture microscope.

2.5. RNA preparation, cDNA synthesis, real-time PCR
and PCR

RNA was extracted from the cells (2 x 10° cells)
cultured in a flat-bottomed 6-well plate using TRIZOL
reagent (Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer's method. cDNA
was synthesized with 1 pg RNA using Reverse Tra
Ace qPCR RT Master Mix (TOYOBO, Osaka, Japan)
and NP gene specific primer (nucleotide number 1661-
1679: 5'-CAACATTCAATGAATCAGT-3"). Real-time
PCR was performed on the ABI PRISM 7700 Sequence
Detection System (Thermo Fisher Scientific, Waltham,
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MA, USA) using TagMan Probe (1932-1956: 5'-FAM-
AAGCACCGGATTTCTAACCCGTCCG-TAMRA-3"),
forward primer (1851-1875: 5'-~ACACACTCATCCAG
ACAAATCAAAC-3"), and reverse primer (1958-1980:
5'-TGTGGAGGTTATCTGATCACGAA-3").

cDNA was synthesized with 1 pg RNA using
forward primers for NP (nucleotide number 1,081-
1,100: 5'-CATGGCCAAGTACATGGCTC-3"), F (5,821-
5,840: 5'-CCCTATCCCTGAATCACAAT-3") and HN
(7,741-7,760: 5'-ATTTCCTGTATATGGTGGTC-3")
and superscript I reverse transcriptase (Thermo Fisher
Scientific, Waltham, MA, USA), and PCR was carried
out with forward primers for NP (nucleotide number
1,081-1,100), F (5,821-5,840) and HN (7,741-7,760),
and reverse primers for NP (1,466-1,489: 5'-CCTCC
GAGTATCGATTGGATTGAA-3"), F (6,661-6,681:
5'-“TGTCACGAGACGTTACGGACA-3") and HN
(8,481-8,500: 5'-GAACTCCCCTAAAAGAGATG-3")
genes and Ex Taq (Takara BIO, Kusatsu, Shiga, Japan).

2.6. Detection of messenger RNA (mRNA)

cDNA was synthesized with 1 pg RNA using
oligo(dT) primer and superscript II reverse
transcriptase, and PCR was carried out with forward
primers for NP (nucleotide number 1,081-1,100:
5'-CATGGCCAAGTACATGGCTC-3"), F (5,821-5,840:
5'-CCCTATCCCTGAATCACAAT-3") and HN (7,741-
7,760: 5'-ATTTCCTGTATATGGTGGTC-3") genes of
hPIV-2, and reverse primers for NP (1,466-1,489: 5'-CC
TCCGAGTATCGATTGGATTGAA-3"), F (6,661-6,681):
5'"TGTCACGAGACGTTACGGACA-3") and HN
(8,481-8,500: 5'-GAACTCCCCTAAAAGAGATG-3")
genes and Ex Tagq.

2.7. Immunofluorescence study

To detect virus proteins in the infected cells, the cells
were fixed with 3.7% formaldehyde solution in PBS
at room temperature for 15 min. The cells were further
incubated with 0.05% Tween-20 in PBS at room
temperature for 15 min to detect NP protein that exists
mainly in the cytoplasm, or 3 min to detect F and HN
proteins that are both in the cytoplasm and in the cell
membrane, washed with PBS, and incubated with
mouse mAbs against NP, F and HN proteins of hPIV-
2 at room temperature for 30 min. After washing with
PBS, the cells were incubated with Alexa 488 conjugated
secondary antibody to mouse IgGs (Thermo Fisher
Scientific, Waltham, MA, USA) at room temperature for
30 min, and observed under a fluorescence microscope
(Olympus, Tokyo, Japan).

Actin was detected using rhodamine phalloidin
(Thermo Fisher Scientific, Waltham, MA, USA) and
microtubules were observed using anti-tubulin o mAb
against sea urchin tubulin o (clone B-5-1-2, Sigma-
Aldrich, St Louis, MO, USA) at four days of cultivation.

The cells were fixed with 3.7% formaldehyde solution
in PBS at 37°C for 15 min, washed with PBS, and the
cells were further incubated with 0.05% tween20 in PBS
at 37°C for 3 min to detect actin and for 15 min to detect
microtubules.

2.8. Cell-to-cell spreading of hPIV-2

The drugs were added to the cells, and immediately after
the addition, the cells were infected with rhPIV-2AM-
GFP (1 x 10" TCIDy,), and cultured for four days. They
were then fixed with 1.2% formaldehyde solution in PBS
at room temperature for 15 min and observed under a
fluorescence microscope.

3. Results
3.1. Inhibitory effects of the herbal medicines

Different doses of the supernatants of the thirteen
medicines were added to the cell culture, and the cells
were infected with hPIV-2, and the cell fusion was
observed and a hemadsorption test was carried out at
four days post infection. Eight exhibited dose-dependent
inhibitory effects and three caused cell toxicity, while
two had no inhibitory effect. Table 1 shows the amount
(uL) of supernatants of the herbal medicines that had
an inhibitory effect on hPIV-2 replication. TJ-001, TJ-
002, TJ-019, TJ-029, TJ-041, TJ-091, TJ-095 and TJ-119
had an inhibitory effect on hPIV-2 induced cell fusion
and hemadsorption. TJ-027 and TJ-70 had no inhibitory
effect. TJ-016, TJ-063 and TJ-096 showed cell toxicity
at low concentration. Mainly the medicines which are
effective on common cold and bronchitis inhibited hPTV-
2 replication. The eight medicines were used in the
following experiments.

3.2. Effect of the eight medicines on the release of hPIV-
2

The supernatants of virus-infected cells with the
medicines were harvested at four days of virus infection;
they were diluted, infected to the cells, and the virus
titer was determined by the observation of cell fusion
and hemadsorption test at four days of culture. Figure 1
shows the titers (averages = s.e.m. from five independent
experiments) of the medicines. TJ-001, TJ-002 and TJ-
119 completely inhibited the release of the virus (below
1/10,000). However, TJ-019, TJ-029, TJ-041, TJ-091
and TJ-095 only partially inhibited the release (1/100 to
1/1,000), though they showed both cell fusion inhibition
and hemadsorption inhibition.

3.3. Effect of eight herbal medicines on viral genome
RNA and mRNA syntheses

RNA was prepared from the infected cells at four days
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Table 1. Inhibitory effect of herbal medicines and the amounts needed to inhibit virus induced cell fusion and

hemadsorption
Product number Herbal medicine Inhibitory effect Concentration
TJ-001 Kakkonto + 140 pnL/mL
TJ-002 Kakkontokasenkyushin'i + 80 uL/mL
TJ-016 Hangekobokuto - a
TJ-019 Shoseiryuto + 100 pL/mL
TJ-027 Maoto - b
TJ-029 Bakumondoto + 160 pL/mL
TJ-041 Hochuekkito + 100 pL/mL
TJ-063 Goshakusan - a
TJ-070 Kososan - b
TJ-091 Chikujountanto + 80 pL/mL
TJ-095 Gokoto + 80 uL/mL
TJ-096 Saibokuto - a
TJ-119 Ryokankyomishingeninto + 120 pL/mL
a: cell toxicity; b: no inhibitory effect.
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Figure 1. Effect of the medicines on hPIV-2 release from the cells.
The supernatants were harvested at four days post infection and the
virus titers were determined. Results are means + s.e.m. from five
independent experiments. Significant differences from the control
infected cells are indicated by "(p < 0.01). TJ-001, TJ-002 and TJ-119
completely inhibited the release of the virus (below 1/10,000). TJ-
019, TJ-029, TJ-041, TJ-091 and TJ-095 only partially inhibited the
release (1/100 to 1/1,000).

post infection, and viral genome RNA was analyzed by
real-time PCR and PCR. Viral mRNA was analyzed by
PCR.

Figure 2 shows that TJ-001, TJ-002, TJ-019, TJ-091,
TJ-095 and TJ-119 almost completely inhibited viral
genome RNA syntheses. TJ-029 reduced the amount
of viral genome RNA to about one-third of the control
infected cells, but TJ-041 did not inhibit viral genome
RNA synthesis.

Similar results were obtained by PCR (Figure 3). In
Figure 3, NP, F and HN protein genes were detected in
TJ-041 treated infected cells and they were seen as faint
bands in TJ-029 treated cells. The other medicines almost
completely inhibited NP, F and HN gene syntheses.
These results are similar to those of real-time PCR.

Figure 4 shows the seven medicines also inhibited
viral mRNA syntheses. NP, HN and F mRNAs were
seen in TJ-029 and TJ-041 treated infected cells. In TJ-
095 treated cells, NP and HN mRNAs were detected as

Figure 2. Effect of the medicines on viral genome RNA synthesis
analyzed by quantitative real-time PCR. The medicines were
added to the cell culture, infected with hPIV-2 and cultured for four
days. RNA was extracted and viral genome RNA was analyzed by
real-time PCR. The positive control infected cells are shown as 1. TJ-
001, TJ-002, TJ-091, TJ-095 and TJ-119 almost completely inhibited
viral genome RNA synthesis. TJ-019 and TJ-29 largely inhibited. TJ-
041 did not inhibit.

faint bands. In TJ-019 and TJ-091 treated cells, only NP
mRNA was faintly detected.

These results indicated that six out of eight medicines
had inhibitory effects on viral genome and mRNA
syntheses.

3.4. Effect on protein syntheses

Indirect immunofluorescence study was carried out
using mAbs against NP, HN and F proteins to examine
the effects of eight medicines on viral protein syntheses
at four days post infection (Figure 5). Negative control
non-infected cells had no immunofluorescence (data not
shown). In Figure 5, A, B and C show the NP, F and HN
protein expression in hPTV-2 infected cells, respectively.
In hPIV-2 infected cells, NP, F and HN proteins
were observed in almost all the cells: NP protein was
observed in many strong fluorescent dots mainly in the
cytoplasm, while F and HN proteins were in small dots
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Figure 3. Effect of the medicines on viral genome RNA synthesis
analyzed by PCR. NP, F and HN genes were detected using specific
primers. TJ-001, TJ-002, TJ019, TJ-091, TJ-095 and TJ-119 inhibited
viral genome RNA synthesis. TJ-029 and TJ-041did not inhibit it. M:

size marker.

o

+

Zz a
Z i T Z W T Z

-~ (=

T
Z o

tp

z
w T
-

0

Virus - + + + +
TJ-001 TJ-002 TJ-019

O
=
c
«Q
|
|

o Z o Z o =z
p=4 I Z uw T Z uw T

<
NP

F
HN
NP

F
 HN

w

|

N
D>OWw
[N
=W
N0 O

- -\P

Virus + + + + +
Drug TJ-029 TJ-041 TJ-091 TJ-095 TJ-119

=z
NP

NP

I

L BN
]
0[N

Z o
L T Z

" HN
. NP
F

{
¥
ﬂ | NP

3
& HN

Figure 4. Effect of the medicines on viral mRNA synthesis
analyzed by PCR. RNA was extracted and cDNA was synthesized by
oligo(dT) primer. NP, F and HN mRNA were detected using specific
primers. TJ-029 and TJ-041 did not inhibit mRNA synthesis. In TJ-
095 treated infected cells, NP and HN mRNA were slightly observed,
and in TJ-019 and TJ-091, only NP mRNA was faintly detected. M:
size marker.

Figure 5. Effect of the medicines on viral protein synthesis. TJ-001 (D-F), TJ-002 (G-I), TJ-029 (M-O) and TJ-091 (S-U) largely inhibited
protein synthesis. TJ-119 inhibited F and HN protein synthesis (Z and AA, respectively). In TJ-019 (J-L), TJ-041 (P-R) and TJ-119 (Y) treated
infected cells, some positive cells were observed, however, there were no fused giant cells. Arrowheads indicate positive cells. Bar: 100 pm.
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in the cytoplasm and on the cell surface. TJ-001 almost
completely inhibited the protein syntheses: only a small
number of cells were positive in NP, F and HN proteins
of infected cells cultured withTJ-001 (Figure 5: D, E and
F, respectively). TJ-002 also almost completely inhibited
NP, F and HN protein syntheses just the same as TJ-001
treated cells (Figure 5: G, H and I, respectively). TJ-019
also largely inhibited the protein synthesis, but there are
some positive cells (arrowheads) especially in F protein
(Figure 5: J, K and L: NP, F and HN, respectively). TJ-
029 also largely inhibited the protein syntheses (Figure
5: M, N and O: NP, F and HN, respectively). The
arrowheads show positive cells. TJ-041 partially inhibited
protein syntheses: some positive cells (arrowheads) can
be seen (Figure 5: P, Q and R: NP, F, HN, respectively).
TJ-091 also largely inhibited protein syntheses (Figure 5:
S, T and U: NP, F and HN, respectively). TJ-095 partially
inhibited protein syntheses: some positive cells are seen
(arrowheads) (Figure 5: V, W and X, respectively). TJ-
119 largely inhibited protein syntheses. However, a small
number of cells were NP positive (arrowheads in Figure
5Y). Almost no cells were positive on F and HN proteins
(Figure 5: Z and AA, F and HN, respectively).

3.5. Effect on the multinucleated giant cell formation

The cells were added with the medicines and
immediately after that the cells were infected with thPIV-
2AM-GFP and cultured for four days. The cells were
fixed with 1.2% formaldehyde and observed with the
fluorescence microscope. Figure 6A is a positive control.
There are many multinucleated giant cells with strong
fluorescence. TJ-001 (Figure 6B) and TJ-002 (Figure

Lk Ry

Figure 6. Effect of the medicines on multinucleated giant cell
formation. The cells were added with the medicines and infected
with rhPIV-2AM-GFP. Immunofluorescence study was carried
out at four days post infection. In positive control cells, many
multinucleated giant cells with strong fluorescence were observed
(A). TJ-001 (B), TJ-002 (C), TJ-091 (G), TJ-095 (H) and TJ-119 (I)
largely inhibited giant cell formation. TJ-019 (D), TJ-029 (E), and TJ-
041 (F) did not inhibit cell fusion, but the size is small compared with
positive control. Bar: 100 um.

6C) inhibited the giant cell formation: there was a small
number of single cells, but no giant cells. TJ-001 and
TJ-002 also inhibited the virus release (Figure 1) and
virus genome syntheses (Figure 2). TJ-019 (Figure 6D),
TJ-029 (Figure 6E) and TJ-041 (Figure 6F) partially
inhibited the giant cell formation: there were small
sized fused cells with strong fluorescence. TJ-019, TJ-
029 and TJ-041 partially inhibited virus release from
the cells (Figure 1). TJ-091 also inhibited the giant cell
formation (Figure 6G), but a small number of viruses
were released (Figure 1). TJ-095 (Figure 6H) inhibited
the giant cell formation, but there were some small fused
cells (arrowheads in Figure 6H). TJ-095 only partially
inhibited the number of released viruses (Figure 1). TJ-
119 (Figure 6I) inhibited the giant cell formation: there
are some small sized fused cells with weak fluorescence
(arrowhead in Figure 61). TJ-119 inhibited the number of
released viruses (Figure 1). The multinucleated giant cell
formation, the number of released viruses from the cells,
and genome RNA syntheses were in good accordance.

3.6. Effect on actin microfilaments

The medicines were added to the cell culture without
virus infection and cultured for four days. F-actin was
stained with rhodamine phalloidin. Figure 7A is the
positive control: bundles of actin microfilaments were
clearly seen. TJ-001 (Figure 7B), TJ-002 (Figure 7C), TJ-
019 (Figure 7D) and TJ-095 (Figure 7H) destroyed actin
microfilaments. TJ-041 (Figure 7F) partially destroyed
them. TJ-029 (Figure 7E), TJ-091 (Figure 7G) and TJ-
119 (Figure 7I) had almost no effect on them. There are
some discrepancies among virus titer, genome RNA

A B
Control TJ-001
D = F
TJ-019 TJ-029 TJ-041
H I
TJ-095 Taltage 190

Figure 7. Effect of the medicines on actin microfilaments. The
medicines were added to the cell culture without virus infection,
and cultured for four days. The cells were stained with rhodamine
phalloidin. In non-treated cells (A), actin microfilaments were
clearly seen. TJ-001 (B), TJ-002 (C), TJ-019 (D) and TJ-095 (H)
almost completely destroyed the filaments. TJ-041 (F) caused partial
damage. TJ-029 (E), TJ-091 (G) and TJ-119 (I) showed almost no
damage. Bar: 100 pm.
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syntheses, and actin filaments, especially in TJ-041. We
cannot explain the discrepancy. It was shown that the
damage to actin microfilaments caused some inhibitory
effects on the release of virus from the cells to culture
medium.

3.7. Effect on microtubules

The cells were added with the medicines without virus
infection, and cultured for four days. Microtubules were
stained with anti-tubulin mAb. Figure 8A is the positive
control: microtubule net was seen in the cytoplasm.
TJ-001 (Figure 8B) and TJ-002 (Figure 8C) disrupted
microtubules. TJ-019 (Figure 8D), TJ-041 (Figure 8F),
TJ-095 (Figure 8H), and TJ-119 (Figure 8I) caused a
little damage in microtubules. TJ-029 (Figure 8E) and TJ-
091 (Figure 8G) had almost no effect on microtubules.
Microtubules are also important for virus replication, so
one of the causes of virus replication inhibition had some
relation with the disruption of microtubules.

4. Discussion

Thirteen herbal medicines, which are effective
on common cold and respiratory diseases, were
tested against hPIV-2 replication in vitro. Eight
out of thirteen medicines had inhibitory effects
on hPIV-2 replication. The effects on genome
RNA synthesis, viral mRNA synthesis, protein
expression, multi-nucleated giant cell formation
and cytoskeleton (actin microfilaments and microtubules)
were analyzed.

Kakkonto (TJ-001), Kakkontokasenkyushin'i (TJ-

: TJ-002
TJ-019 TJ-029 TJ-041
|
TJ-091 Td-095 TJ419,  1%0um

Figure 8. Effect of the medicines on microtubules. The cells were
added to the cell culture without virus infection, and cultured for
four days. The cells were stained with anti-tubulin o mAb against
sea urchin tubulin a. In non-treated cells (A), microtubules were
clearly seen in the cytoplasm. TJ-001 (B) and TJ-002 (C) destroyed
microtubules. TJ-041 (F) partially destroyed microtubules. TJ-019 (D),
TJ-029 (E), TJ-091 (G), TJ-095 (H) and TJ-119 (I) had almost no
effect on microtubules. Bar: 100 pm.

002) and Ryokankyomishingeninto (TJ-119) had strong
inhibitory effects on hPIV-2 replication. They inhibited
virus genome RNA synthesis, virus mRNA synthesis,
virus-induced multinucleated giant cell formation and
virus protein synthesis, though in TJ-119 treated infected
cells, a small number of cells were NP positive. TJ-
001, TJ-002 almost completely inhibited virus induced
multinucleated giant cell formation. In Shoseiryuto (TJ-
019), Bakumondoto (TJ-029) and Hochuekkito (TJ-
041) treated infected cells, small sized giant cells were
observed, indicating that these three medicines could
not fully inhibit the transmission of virus to the nascent
cells. Chikujountanto (TJ-091), Gokoto (TJ-095) and TJ-
119 inhibited giant cell formation, but some non-fused
fluorescent cells were observed. In TJ-019, TJ-029 and
TJ-041 treated infected cells, F protein expression was
not fully inhibited. This may be one of the reasons for the
appearance of small sized fused cells. In TJ-095 added
infected cells, though the expression of NP, F and HN
proteins were observed, there were almost no fused cells.
In TJ-019, TJ-029 and TJ-041 treated infected cells, F
protein was expressed as small dots on the cell surface.
However, in TJ-095 treated infected cells, F protein
was expressed mainly in the cytoplasm, not in the cell
membrane, resulting in the inhibition of cell fusion. TJ-
001 and TJ-002 caused damage to actin microfilaments
and microtubules, but TJ-119 did not cause damage in
actin microfilaments or microtubules. One of the reasons
for inhibition by TJ-001 and TJ-002 was damage to actin
microfilaments and microtubules, suggesting that the
inhibitory mechanisms by TJ-119 may be different from
those of TJ-001 and TJ-002.

Many investigations show that the medicines tested
in this study inhibit various virus replications by different
mechanisms. For instance, Kakkonto inhibits human
respiratory syncytial virus infection by preventing viral
attachment and internalization to the host cells (/7).
Kakkonto also possesses inhibitory activity against
influenza viral polymerase acidic protein endonuclease
(18). Hochuekkito binds to influenza virus particles and
forms complexes and can obstruct the entry of the virus
into cells (/2). Hochuekkito also inhibits rhinovirus
infection in vitro, partly by inhibiting the expression of
its receptor, ICAM-1 (/9). Shoseiryuto inhibits human
cytomegalovirus replication in vitro by inhibiting viral
DNA replication (20). Shoseiryuto is also effective
against human respiratory syncytial virus infection on
airway epithelia by preventing viral attachment and
internalization to the host cells and by stimulating
interferon secretion (27). Maoto has clinical efficacy
for seasonal influenza, and it has equivalent clinical and
virological efficacy to oseltamivir and zanamivir (22).
It inhibits uncoating of influenza virus by inhibiting
acidification and blocks influenza virus entry to
cytoplasm (/7).

One of the questions is which components of
the medicines are effective on virus replication.
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Table 2. Crude drugs contained in herbal medicines

TJ-001 TJ-002 TJ-027 TJ-119
Kakkonto Kakkontokasenkyushin'i Maoto Ryokankyomishingeninto
Puerariae radix Puerariae radix Ephedrae herba Poria sclerotium

Ziziphi fructus
Ephedrae herba

Ziziphi fructus
Ephedrae herba

Glycyrrhizae radix
Cinnamomi cortex

Glycyrrhizae radix
Cinnamomi cortex

Paeoniae radix
Magnoliae flos

Ligustici chuanxiong rhizoma
Zingiberis rhizoma

Paeoniae radix
Zingiberis rhizoma

Cinnamomi cortex
Armeniacae semen
Glycyrrhizae radix

Glycyrrhizae radix

Pinelliae tuber

Zingiberis rhizoma processum
Armeniacae semen
Schisandrae fructus

Asiasari radix

Glycyrrhizin is the effective component of Glycyrrhizae
radix, and has an inhibitory efficacy for various virus
replications in vitro, such as H5N1 influenza A virus
(23), cytomegalovirus (20), rthinovirus (/9) and human
respiratory syncytial virus (24). Most herbal medicines
which are effective on common cold and respiratory
diseases contain extract of Glycyrrhizae radix. The
medicines tested in this study contain Glycyrrhizae
radix as an ingredient, except for Hangekobokuto (TJ-
016). Glycyrrhizin also inhibits hPIV-2 replication in
vitro (25), but effective concentration is much higher
than that in these medicines and there is a significant
difference in inhibitory efficacy between the medicines
(Table 1). Therefore, glycyrrhizin may have only a
small contribution to inhibit hPIV-2 replication in the
medicines.

Both Kakkonto (/8) and Maoto (//) have inhibitory
effects on influenza virus replication. Maoto has
inhibitory efficacy in influenza virus replication and
its efficacy is partly derived from Glycyrrhizae radix
(26). Kakkonto (TJ-001) and Kakkontokasenkyushin'i
(TJ-002) showed strong inhibitory effects on hPIV-
2 replication (Figure 1), although Maoto (TJ-027) did
not (Table 1). Three crude drugs, Ephedrae herba,
Cinnamomi cortex and Glycyrrhizae radix, are common
ingredients to these three medicines (Table 2). Therefore,
the inhibitory mechanism for hPIV-2 replication by
herbal medicines may be different from that for influenza
virus. Four crude drugs, Puerariae radix, Ziziphi Fructus,
Paeoniae radix and Zingiberis rhizoma, are contained in
Kakkonto and Kakkontokasenkyushin'i, but not in Maoto
(Table 2). The results in this study suggest that one of the
four crude drugs, or combination of two, three or all of
them, is effective to inhibit hPTV-2 replication.

Ryokankyomishingeninto (TJ-119) also showed a
strong inhibitory effect on hPIV-2 replication (Figure
1). It contains Glycyrrhizae radix as an ingredient, but
not Puerariae radix, Ziziphi fructus, Paeoniae radix
or Zingiberis rhizoma (Table 2), which are contained
in Kakkonto and Kakkontokasenkyushin'i. Therefore,
the inhibitory mechanism on hPIV-2 replication by
Ryokankyomishingeninto may be different from that of
Kakkonto and Kakkontokasenkyushin'i.

The inhibitory mechanism for hPIV-2 replication by

herbal medicines may be multiple. The medicines have
many components, and some can inhibit virus genome
synthesis, mRNA synthesis and/or protein synthesis, and
at the same time, destroy actin microfilaments and/or
microtubules. In the present study, the medicines were
suspended in PBS, autoclaved, and the supernatant was
added to the cell culture, so some insoluble materials and
heat unstable substances that may have inhibitory effects
might be missing.

The next aim is to analyze and to extract the
compounds that can inhibit not only parainfluenza
virus but also respiratory syncytial virus, measles virus,
mumps virus and metapneumovirus.

Funding: None.

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

References

1. Lamb RA, Parks GP. Paramyxoviridae: The viruses and
their Replication. In: Fields Virology, 5" edn. (Kniep DM,
Howley PM, eds.). Lippincott Williams and Wilkins,
Philadelphia, USA, 2008; pp. 1449-1496.

2. Yuasa T, Bando H, Kawano M, Tsurudome M, Nishio M,
Kondo K, Komada H, Ito Y. Sequence analysis of the 3'
genome end and NP gene of human parainfluenza type 2
virus: sequence variation of the gene-starting signal and
the conserved 3' end. Virology. 1990; 179:777-784.

3. Ohgimoto S, Bando H, Kawano M, Okamoto K, Kondo
K, Tsurudome M, Nishio M, Ito Y. Sequence analysis of P
gene of human parainfluenza type 2 virus; P and cystein-
rich proteins are translated by two mRNAs that differ by
two non-templated G residues. Virology. 1990; 177:116-
123.

4. Kawano M, Bando H, Ohgimoto S, Okamoto K, Kondo
K, Tsurudome M, Nishio M, Ito Y. Complete nucleotide
sequence of the matrix gene of human parainfluenza
type 2 virus and expression of the M protein in bacteria.
Virology. 1990; 179:857-861.

5. Kawano M, Bando H, Ohgimoto S, Okamoto K, Kondo
K, Tsurudome M, Nishio M, Ito Y. Sequence of the fusion
protein gene of human parainfluenza type 2 virus and its
3" intergenic region: lack of small hydrophobic (SH) gene.
Virology. 1990; 178:289-292.

6. Kawano M, Bando H, Yuasa T, Kondo K, Tsurudome

www.ddtjournal.com



188

Drug Discoveries & Therapeutics. 2021, 15(4):180-188.

10.

11.

12.

13.

14.

15.

16.

17.

18.

M, Komada H, Nishio M, Ito Y. Sequence determination
of the hemagglutinin-neuraminidase (HN) gene of
human parainfluenza type 2 virus and the construction
of a phylogenetic tree for HN proteins of all the
paramyxoviruses that are infectious to humans. Virology.
1990; 174:308-313.

Kawano M, Okamoto K, Bando H, Kondo K, Tsurudome
M, Komada H, Nishio M, Ito Y. Characterizations of the
human parainfluenza type 2 virus gene encoding the L
protein and the intergenic sequences. Nucleic Acids Res.
1991; 19:2739-2746.

Tsurudome M, Nishio M, Komada H, Bando H, Ito Y.
Extensive antigenic diversity among human parainfluenza
type 2 virus isolates and immunological relationships
among paramxoviruses revealed by monoclonal
antibodies. Virology. 1989; 171:38-48.

Kawano M, Kaito M, Kozuka Y, Komada H, Noda
N, Namba K, Tsurudome M, Ito M, Nishio M, Ito Y.
Recovery of infectious human parainfluenza type 2 virus
from ¢cDNA clones and properties of the defective virus
without V-specific cysteine-rich domain. Virology. 2001;
284:99-112.

Nagai T, Urata T, Yamada H. /n vivo anti-influenza virus
activity of kampo (Japanese herbal) medicine "Sho-seiryu-
to" — effects on aged mice, against subutypes of a viruses
and B virus, and therapeutic effect. Immunophamacol
Immunotoxicol. 1996; 18:193-208.

Masui S, Nabeshima S, Ajisaka K, Yamauchi K, Itoh R,
Ishii K, Soejima T, Hiromatsu K. Maoto, a traditional
Japanese herbal medicine, inhibits uncoating of influenza
virus. Evid Based Complement Alternat Med. 2017;
2017:1062065.

Dan K, Takanashi K, Akiyoshi H, Munakata K, Hasegawa
H, Ogawa K, Watanabe K. Mechanism of action of the
anti-influenza virus active kampo (traditional Japanese
herbal) medicine, Hochuekkito. Pharmacology. 2018;
101:148-155.

Uematsu J, Koyama A, Takano S, Ura Y, Tanemura M,
Kihira S, Yamamoto H, Kawano M, Tsurudome M,
O'Brien M, Komada H. Legume lectins inhibit human
parainfluenza virus type 2 infection by interfering with the
entry. Viruses. 2012; 4:1104-1115.

Kitagawa H, Kawano M, Yamanaka K, Kakeda M, Tsuda
K, Inada H, Yoneda M, Sakaguchi T, Nigi A, Nishimura
K, Komada H, Tsurudome M, Yasutomi Y, Nosaka T,
Mizutani H. Intranasally administered antigen 85B gene
vaccine in non-replicating human parainfluenza type 2
virus vector ameliorates mouse atopic dermatitis. Plos
One. 2013; 8:¢66614.

De BP, Banerjee AK. Involvement of actin microfilaments
in the transcription/replication of human parainfluenza
virus type 3: possible role of actin in other viruses.
Microsc Res Teck. 1999; 47:114-123.

Moyer SA, Baker SC, Lessard JL. Tubulin: a factor
necessary for the synthesis of both Sendai virus and
vesicular stomatitis virus RNAs. Proc Natl Acad Sci U S A.
1986; 83:5405-5409.

Chang JS, Wang KC, Shieh DE, Hsu FF, Chiang LC. Ge-
Gen-Tang has anti-viral activity against human respiratory
syncytial virus in human respiratory tract cell lines. J
Ethnopharmacol. 2012; 139:305-310.

Shirayama R, Shoji M, Sriwilaijaroen N, Hiramatsu H,
Suzuki Y, Kuzuhara T. Inhibition of PA endonuclease
activity of influenza virus RNA polymerase by Kampo

medicines. Drug Discov Ther. 2016; 10:109-113.

19. Yamada M, Sasaki T, Yasuda H, Inoue D, Suzuki T,
Asada M, Yoshida M, Seki T, Iwasaki K, Nishimura H,
Nakayama K. Hochu-ekki-to inhibits rhinovirus infection
in human tracheal epithelial cells. Br J Pharmacol. 2007;
150:702-710.

20. Murayama T, Yamaguchi N, Matsuno H, Eizuru Y. In vitro
anti-cytomegalovirus activity of kampo (Japanese herbal)
medicine. Evid Based Complement Alternat Med. 2004;
1:285-289.

21. ChangJS, Yeh CF, Wang KC, Shieh DE, Yen MH, Chiang
LC. Xiao-Qing-Long-Tang (Sho-seiryu-to) inhibited
cytopathic effect of human respiratory syncytial virus in
cell lines of human respiratory tract. J Ethnopharmacol.
2013; 147:481-487.

22. Nabeshima S, Kashiwagi K, Ajisaka K, Masui S,
Takeoka H, Ikematsu H, Kashiwagi S. A randomized,
controlled trial comparing traditional herbal medicine
and neuraminidase inhibitors in the treatment of seasonal
influenza. J Infect Chemother. 2012; 18:534-543.

23. Michaelis M, Geiler J, Naczk P, Sithisarn P, Leutz A,
Doerr HW, Cinatl J Jr. Glycyrrhizin exerts antioxidative
effects in H5N1 influenza A virus-infected cells and
inhibits virus replication and pro-inflammatory gene
expression. Plos One. 2011; 6:¢19705.

24. Yeh CF, Wang KC, Chiang LC, Shieh DE, Yen MH,
Chang JS. Water extract of licorice had anti-viral activity
against human respiratory syncytial virus in human
respiratory tract cell lines. J Ethnopharmacol. 2013;
148:466-473.

25. Sakai-Sugino K, Uematsu J, Kamada M, Taniguchi H,
Suzuki S, Yoshimi Y, Kihira S, Yamamoto H, Kawano
M, Tsurudome M, O'Brien M, Itoh M, Komada H.
Glycyrrhizin inhibits human parainfluenza virus type 2
replication by the inhibition of genome RNA, mRNA
and protein syntheses. Drug Discov Ther. 2017; 11:246-
252.

26. Nomura T, Fukushi M, Oda K, Higashiura A, Irie T,
Sakaguchi T. Effects of traditional kampo drugs and their
constituent crude drugs on influenza virus replication
in vitro: Suppression of viral protein synthesis by
glycyrrhizae radix. Evid Based Complement Alternat
Med. 2019; 2019:3230906.

Received June 26, 2021; Revised August 16, 2021; Accepted
August 17,2021

$These authors contributed equally to this work.

*Address correspondence to:

Jun Uematsu, Microbiology and Immunology Section,
Department of Clinical Nutrition, Graduate School of Health
Science, Suzuka University of Medical Science, 1001-1
Kishioka, Suzuka, Mie 510-0293, Japan.

E-mail: uematsu@suzuka-u.ac.jp

Present Address:

*Department of Life Vista, Nara Saho College, Nara, Japan;

® Department of Life and Environmental Science, Tsu City
College, Tsu, Mie, Japan;

 Department of Microbiology, Mie University Graduate School
of Medicine, Tsu, Mie, Japan.

Released online in J-STAGE as advance publication August 26,
2021.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2021; 15(4):189-196. 189

Original Article

DOI: 10.5582/ddt.2021.01069

Ectopic expression of Id1 or 1d3 inhibits transcription of the
GATA-4 gene in P19CL6 cells under differentiation condition

Yumei Yokura-Yamada', Makoto Araki’, Masatomo Maeda"*

' Graduate School of Pharmaceutical Sciences, Osaka University, Suita, Osaka, Japan;
*Meiji Pharmaceutical University, Tokyo, Japan.

SUMMARY

Inhibitor of DNA binding (Id) is a dominant negative form of the E-box binding basic-helix-
loop-helix (bHLH) transcription factor since it is devoid of the basic region required for DNA
binding and forms an inactive hetero dimer with bHLH proteins. The E-box sequence located in
the promoter region of the GATA-binding protein 4 (GATA-4) gene is essential for transcriptional
activation in P19CL6 cells. These cells differentiate into cardiomyocytes and start to express GATA-
4, which further triggers cardiac-specific gene expression. In this study, expression plasmids for
Ids tagged with human influenza hemagglutinin (HA)-FLAG were constructed and introduced into
P19CL6 cells. The stable clones expressing the recombinant Id proteins (Id1 or Id3) were isolated.
The GATA-4 gene expression in these clones under differentiation condition in the presence of
1% dimethyl sulfoxide (DMSO) was repressed, with concomitant abolishment of the transcription
of a-myosin heavy chain (a-MHC), which is a component of cardiac myofibrils. Thus, the
increased expression of Id protein could affect GATA-4 gene expression and negatively regulate the

differentiation of P19CL6 cells.

Keywords

1. Introduction

It is well known that many gene products participate
spatio-temporally in a complex manner in the
developmental process (/). In mouse heart formation,
transcription factor GATA-binding protein 4 (GATA-
4) together with NK2 homeobox 5 (Nkx2.5) and T-box
factor 5 (Tbx5), and chromatin remodeling protein
SMARCD3 (BAF60c) are key upstream regulators
of cardiomyocyte differentiation in the cardiogenic
splanchnic mesoderm (2). Expression of GATA-4 in
the extraembryonic endoderm in the embryo is required
for folding morphogenesis to form a primitive heart
tube and foregut (3). Consistent with the expression
of GATA-4 in cardiomyocytes at all stages of cardiac
development in mouse (4), it is reported that mutations
of the GATA-4 gene lead to variable phenotypes of
human congenital heart diseases (9).

To study cardiomyocyte differentiation at the cellular
level, P19 mouse embryonic carcinoma cells and their
derivative P19CL6 cells have been used because they
casily start differentiating into beating cardiomyocytes
upon the addition of dimethyl sulfoxide (DMSO) (6). It
was further demonstrated that expression of the GATA-4
gene is required for the differentiation of cardiomyocytes

Inhibitor of DNA binding, GATA transcription factor, cardiomyocyte differentiation, transcription

(7). As for transcriptional regulation, the GATA-4 gene
is transcribed from two alternative 5' untranslated exons
(Ela and E1b) (8,9), and the level of the Ela transcript
of mouse heart is 20-times higher than that of E1b (8).
Analyses of the promoter for Ela demonstrated that the
conserved E-box sequence (CACGTG) is essential for
transcription from the Ela exon (/0,17), suggesting that
the basic-helix-loop-helix (bHLH) transcription factor(s)
may play a role in transcription of the GATA-4 gene
(9,12). 1t is also reported that more euchromatic state of
the further upstream region of the cluster of GC-boxes
and E-box activates the GATA-4 promoter (/3).

The inhibitor of DNA binding (Id) proteins (Id1-
Id4) which do not have the amino-terminal basic region
of bHLH transcription factor function as a dominant
negative form of bHLH proteins, and their functions
seem to be redundant or compensatory although Ids
are required for heart development (/4). Ids are also
suggested to play a role in keeping precursor cells
immature and expanding the cell population size during
development (/5). Id1 and 1d3, although the latter is less
active, are essential for specification of mesendosomal
progenitors into cardiac progenitors in the first heart
field (/6). Biochemical studies further demonstrated that
Id1, 1d2 and 1d3 bind GATA-4 and Nkx2.5 proteins and
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inhibit their synergistic transcriptional activation due
to inhibition of DNA binding and/or mutual interaction
(17). Stable expression of 1d3 ectopically in P19 cells
inhibited the differentiation concomitant decrease of
GATA-4 expression (/7). In this study we constructed
expression plasmids for tagged-Id1, 1d2 and 1d3, and
tried to express these tagged proteins stably in P19CL6
cells to determine whether their differentiation into
cardiomyocytes is inhibited or not.

2. Materials and Methods
2.1. Cell culture

P19CL6 cells (RIKEN Cell Bank, Tsukuba, Ibaraki,
Japan) were cultured at 37°C in a-Eagle's minimal
essential medium (MEM) (Sigma, St. Louis, MO,
USA) containing 10% (v/v) fetal bovine serum (FBS)
(GIBCO BRL, Gaithersburg, MD, USA) and antibiotics
[2.5 pg/ml fungizon (GIBCO BRL), 100 units/mL
benzylpenicillin (Wako, Osaka, Japan), and 100 pg/mL
streptomycin sulfate (Wako)]. Cells (1 x 10° cells in @ 10
cm dish) were allowed to differentiate in the presence of
1% (v/v) DMSO (Wako) (/0). The medium was changed
4 days after inoculation and then every 2 days.

2.2. Analysis of RNA

Total cellular RNA was extracted with Isogen (Nippon
Gene, Toyama, Japan) from a @ 10 c¢cm dish according
to the manufacturer's protocol, and an aliquot (5
png) was reverse transcribed with Moloney Murine
Leukemia Virus (M-MLV) Reverse Transcriptase

Table 1. Sequences of oligonucleotides used in this study

(TaKaRa, Kusatsu, Shiga, Japan) and the oligo(dT)s
primer in a volume of 20 pL. After RNase H (TaKaRa)
treatment, cDNA (0.3 pL) was subjected to semi-
quantitative PCR analysis (/8) with GoTag®” DNA
polymerase (Promega, Madison, WI, USA). The
unsaturated conditions for polymerase chain reaction
(PCR) comprised preheating (94°C, 3 min), followed by
17-27 cycles of denaturation (94°C, 0.5 min), annealing
(55-61°C, 0.5 min), and extension (72°C, 0.5 min), and
then post-incubation (72°C, 5 min): typically, GATA-4
(27 cycles, 55°C), a-myosin heavy chain (a-MHC) (24
cycles, 60°C), Id1 (21 cycles, 61°C), Id2 (21 cycles,
60°C), 1d3 (21 cycles, 60°C), and B-actin (17 cycles,
60°C). The primer pairs used for PCR are shown in
Table 1A. The PCR products were size-separated by
2% (w/v) agarose gel-electrophoresis, and DNA bands
were visualized with ethidium bromide. Images were
recorded with a FAS-III UV-imaging system (Toyobo,
Osaka, Japan).

2.3. Cloning of cDNAs for mouse Id1, Id2 and Id3

P19CL6 cells were cultured for 12 days in the presence
of 1% (v/v) DMSO. cDNA was synthesized from total
cellular RNA as prepared in 2.2., and was subjected to
PCR using a primer pair [YY001/YY002 to amplify
cDNA for the coding region of Id1 cDNA, YY003/
YY002 for 1d2, or YYO005/YYO006 for 1d3 (Table 1B)]
and GoTag"” DNA polymerase. The PCR conditions
were [preheating (94°C, 3 min), followed by 30 cycles
of denaturation (94°C, 0.5 min), annealing (60°C
for Id1, 51°C for Id2 and 63°C for Id3, 30 sec), and
extension (72°C, 0.5 min), and then post-incubation

(A) GATA-4 SSPN031
SSPN033
o-MHC MHC S
MHC A
1d1 Id1f
Id1r
1d2 Id2f
Id2r
1d3 1d3f-2
1d3r
B-actin YSactin S
YSactin A
(B) 1d1 YYO001
YY002
1d2 YYO003
YY004
1d3 YYO005
YYO006
©) MI13F
MI3R
T7 primer

5'-gta gge cte tee tgt g-3'

5'-cge tga tta cge ggt gat-3'
S'-gga aga gtg agc gge gea tca agg-3'
5'-ctg ctg gag agg tta ttc ctc g-3'
5'-tgg acg agc agc agg tga acg-3'
5'-gca ctg atc tcg ceg ttc agg-3'
5'-agc ctt cag tec ggt gag gte c-3'
5'-tca gat gec tge aag gac agg-3'
S'-ctc tac tct cca aca tga agg cg-3'
5'-agt gag ctc agc tgt ctg gat-3'
5'-gca gga gat ggc cac tge cge-3'
5'-tct cet tct gea tec tgt cag c-3'

5'-tt cat ATG AAG GTC GCC AGT GG-3'
5'-cc TCA GCG ACA CAA GAT GCG-3'

5'-tt cat ATG AAA GCC TTC AGT C-3'

5'-at TTA GCC ACA GAG TAC-3'

5'-tt cat ATG AAG GCG CTG AGC CCG-3'
5'-gg TCA GTG GCA AAA GCT CCT CTT-3'

5'-gta aaa cga cgg cca gt-3'
5'-gga aac agc tat gac cat g-3'
5'-taa tac gac tca cta tag-3'

In (B), an Ndel site (underlined) was introduced at the initiation codon in the sense primer (the primer S in Figure 1). The primer A in Figure 1
showed the antisense primer. Capital letters in (B) indicate the nucleotide residues identical to those in the coding region, while lower case letters

indicate unrelated residues introduced.
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(72°C, 5 min)]. The products were size-separated by
2% (w/v) agarose gel-electrophoresis, and the amplified
cDNA bands (454, 412 and 367 bp for Id1, 1d2 and 1d3,
respectively) visualized with ethidium bromide were
extracted with a GENECLEAN" III Kit (BIO101, Vista,
CA, USA). The cDNAs were ligated into the pGEM
T-easy vector (Promega) and then introduced into
Escherichia coli TOP-10F'. The sequence of the cloned
DNA was determined by the dideoxy chain-termination
method (/9) with a sequence primer (M13F or M13R)
(Table 1C) and a BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Waltham, MA,
USA), using an ABI PRISM TM 310 Genetic Analyzer.

2.4. Construction of expression plasmids for Ids tagged
with human influenza hemagglutinin (HA) and FLAG

The cDNA moiety of the Ids in the pGEM T-easy vector
was excised with Apal (Id1) or Nsil (Id2 and 1d3),
followed by Klenow treatment and then Ndel digestion.
The fragment was inserted into pHA/FLAG(AS)-7 (20),
which had been digested with Spil followed by Klenow
treatment, and then digested with Ndel. The DNA
sequence of the resulting plasmid, "Id in pHA/FLAG",
was verified as described in 2.3. with a sequence
primer (T7 primer or M13R) (Table 1C). The NotI -
HindIIl fragment derived from "Id in pHA/FLAG"
was further cloned into pDsRed2-N1 (CLONETECH,
Mountain View, CA, USA). This expression plasmid
was named pneo-HA/FLAG-Id. We further replaced
the neomycin-resistance gene with that of hygromycin.
The pGL4.14[luc2/Hygro] vector (Promega) containing
the hygromycin-resistance gene was treated with Bg/Il
and BamHI, and the large fragment was self-ligated,
resulting in deletion of the luciferase gene moiety.
Into the EcoRV site of the multi-cloning site of the
self-ligation product (phyg), the HA-FLAG-Id portion
together with promoter from pneo-HA/FLAG-Id were
inserted; the fragment being obtained on Nsil digestion
followed by Klenow treatment and Sspl digestion. The
procedure is schematically shown in Figure 1. The
molecular biological methods for DNA manipulations
were based on standard procedures (21).

2.5. Transfection of expression plasmids for Ids tagged
with HA and FLAG

We first expressed the tagged Id proteins (HA/FLAG-
Ids) transiently by means of the diethylaminoethyl
(DEAE)-dextran method (22) to verify the expression
of tagged Ids derived from the plasmid constructs; Cos-
1 cells (ATCC, Manassas, VA, USA) were grown in
Dulbecco's modified Eagle medium (DMEM) (GIBCO
BRL) supplemented with 7% (v/v) FBS. Cells (5 x
10° cells) in 5 mL medium were plated onto a @ 6
cm dish. Into each dish the plasmid construct was
introduced at a concentration of 2.5 pg/dish. Cells were

PGEM T-Easy
vector
Ndel

Cloning into l

HindIIT NotI
G

M Id

~Nofl Sphl & K
Apal (Nsil) wiel S
Apal (Nsil) & Klenow

Ndel

pGL4.14[luc2/Hygro]
Deletion of l

Bg/MI — BamHI
fragment

EcoRV

EcoRV Nsil & Klenow
phyg \l Sspl
Hyg"

phyg-HA
/FLAG-Id

Figure 1. Construction of expression plasmids for Id1, Id2 and
1d3 with an amino-terminal tandem HA/FLAG-tag. The coding
regions (CDRs) for Id1, Id2 and Id3 were cloned from cDNAs
prepared from differentiated P19CL6 cells, and inserted into pPGEM
T-Easy vector (Id in TA). The primer pairs listed in Table 1B
were designed from the registered cDNA sequences; NM_010495
(Id1), NM_010496 (1d2), and NM_008321 (Id3), respectively. The
expression plasmids for Ids with an amino-terminal HA/FLAG-tag
(pneo-HA/FLAG-Id) were constructed as described under Materials
and Methods. The neomycin-resistance gene (Neo') was further
substituted with the hygromycin-resistance gene (Hyg") to produce
phyg-HA/FLAG-Id. The initiation and termination codons for Id are
indicated by "M" and "«", respectively. The coding regions for the HA
(YPYDVPDYA) and and FLAG (DYKDDDDK) peptide moieties
are schematically shown by mesh and black shading, respectively.
HA/FLAG-Id was transcribed under the cytomegalovirus (CMV)
promoter (Peyy)-

treated with chloroquine followed by glycerol, and
then further cultured for 2 days. The whole cell extract
for immunoprecipitation was prepared from duplicate
samples. Protein concentrations were determined with
a BioRad Protein Assay Kit (Hercules, CA, USA)
using bovine serum albumin (Fraction V) (Sigma) as a
standard (23).

We further isolated P19CL6 clones that express
tagged Ids stably by the calcium-phosphate method (21);
briefly, cells (5 x 10’ cells) were plated onto a @ 6 cm
dish. On the next day, the DNA solution was poured
onto the culture medium and left for 4 hr. The medium
was removed and washed with phosphate-buffered
saline [10 mM phosphate buffer (pH7.2), 137 mM
NaCl, 3 mM KCI] (PBS). Cells were further cultured in
fresh medium for 24 hr, and then neomycin (G418) (100
pg/mL) (Nacalai, Kyoto, Japan) or hygromycin (300
pug/mL) (Wako) was added. On the following day, cells
were plated onto 2 dishes (@ 10 cm) containing the
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antibiotic. After ~12 days, single colonies were isolated.
A whole cell extract was prepared from a confluent
culture of undifferentiated clones grown in two @ 6 cm
dishes.

2.6. Preparation of a whole cell extract and
immunoprecipitation

After washing with ice-cold PBS three times, cells
were suspended in 1 mL 20 mM tris(hydroxymethyl)
aminomethane (Tris)-HCI (pH 7.5), 150 mM NaCl, 2
mM ethylenediaminetetraacetic acid containing 10 pg/
mL leupeptin, 10 pg pepstatin A and 1% (v/v) NP-40
[TNE (+)] and kept on ice for 30 min. All the following
procedures were carried out at 4°C. The cell suspension
was sheered through a 25G needle 10 times, and then
centrifuged (12,000x g, 30 min). The supernatant was
used as the whole cell extract.

The Protein G Sepharose beads (GE Healthcare,
Chicago, IL, USA) was pre-washed twice with TNE
(+) and then centrifuged (2,000x g, 5 min). The whole
cell extract was incubated for 1 hr in a Mini Disk
Rotor BC-710 (BIO CRAFT, Tokyo, Japan) with a 30
pL bed volume of pre-washed Protein G Sepharose
beads. The supernatant was incubated on a Rotor
for 1 hr with 5 pL of Monoclonal anti-HA (HA-7)
(Sigma), and then further incubated in a Rotor with a
50 pL bed volume of pre-washed Protein G Sepharose
beads for 1hr. The beads were precipitated (2,000x
g, 5 min) and then washed five times (three times by
rotation and then twice without rotation) with 500
pL 20 mM Tris-HCI (pH 7.5), 150 mM NacCl, 2 mM
ethylenediaminetetraacetic acid (TNE). The recovered
immuno-complex was heated at 95°C for 5 min together
with 15-20 pL of 2 x sample buffer for sodium dodecyl
sulfate (SDS)-polyacrylamide gel-electrophoresis (24).

2.7. SDS-polyacrylamide gel-electrophoresis and
Western blotting

All the solubilized protein was subjected to SDS-
polyacrylamide gel-electrophoresis [mini-gel (10
cm x 10 cm), 1 mm thickness, consisting 3% (w/v)
stacking gel (60 V) and 18% (w/v) separation gel (100
V)] (24), and then electro-blotted [200 mA, 90 min.;
ATTO Model-AE6675 (ATTO, Tokyo, Japan)] onto an
Immobilon™-P membrane [Millipore (Billerica, MA,
USA) polyvinylidene difluoride (PVDF) membrane
(0.45 pm), IPVHO00010] (25). The filter was washed
with PBS and then blocked lhr at 4°C with PBS plus
0.1 % (v/v) Tween 20 (PBS-T) containing 5% (w/v)
skim-milk (BD, Franklin Lakes, NJ, USA). The filter
was washed with PBS-T and then reacted for 2 hr at
room temperature with ANTI-FLAG M2" monoclonal
antibody-peroxidase conjugate (Sigma) (x 1,500
diluted). Chemiluminescence was detected with an ECL
Western blotting kit (GE Healthcare) using Scientific

Imaging Film (KODAK, Rochester, NY, USA).
2.8. Chemicals

Restriction enzymes were obtained from New England
Biolabs (Ipswich, MA, USA) and Toyobo. The Klenow
enzyme, T4 DNA ligase (Ligation Kit Ver2.1), and
Agarose-LE Classic Type were provided by TaKaRa.
Tween 20 and chloroquine diphosphate were obtained
from Nacalai. DEAE-dextran, NP-40, leupeptin and
pepstatin A were from Sigma. Oligonucleotides were
purchased from Gene Design Inc. (Ibaraki, Osaka,
Japan). All other chemicals used were of the highest
grade commercially available.

3. Results
3.1. Construction of expression plasmids for Ids

The ¢cDNAs for mouse Ids (Id1, Id2 and Id3) were
cloned from P19CL6 cells by means of reverse
transcription PCR (RT-PCR) and then inserted into a
mammalian expression plasmid pDsRed2-N1. To detect
ectopic expression, we introduced a HA/FLAG-tag at
the amino terminus of each Id. The neomycin-resistance
marker was also replaced with that of hygromycin
(Figure 1). Plasmids were introduced into Cos-1
cells, and the Id proteins transiently expressed were
detected by Western blotting to verify their molecular
sizes. Since we sometimes experienced difficulty in
detecting the tagged Id proteins in a whole cell extract,
an immunoprecipitation method was developed, as
shown under Materials and Methods. The HA/FLAG-Id
in the whole cell extract was first immunoprecipitated
with anti-HA antibody and then detected by means of
Western blotting with anti-FLAG antibody. As shown in
Figure 2, the calculated molecular size of the tagged-Id
(see legend to Figure 2) was not significantly different
from its molecular size on the gel.

3.2. Stable expression of Ids in P19CL6 cells

The expression plasmids for tagged Ids were introduced
into P19CL6 cells and neomycin-resistance colonies
were isolated. However, most of the resistant clones
did not express HA/FLAG-Id in spite of several trials
of transfection. Typical results are shown in Figures
3A and 3B; two clones for tagged Id1 (Id1,5 and Id1y,)
and one for tagged 1d3 (Id3,;) were obtained in two
separate transfection experiments. However, clones
for tagged 1d2 could not be obtained. We also did not
obtain a clone from hygromycin-resistant colonies.

3.3. Transcription level of GATA-4 under differentiation
condition for P19CL6 cells

As already reported, many preceding studies involving
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Figure 2. Transient expression of Id1, Id2, or Id3 tagged with
a HA/FLAG peptide in Cos-1 cells. Cos-1 cells were transfected
with the expression plasmid for either tagged Id1, 1d2 or Id3 by
means of the DEAE-dextran method [H, (phyg-HA/FLAG-1d1), H,
(phyg-HA/FLAG-1d2), H, (phyg-HA/FLAG-1d3), N, (pneo-HA/
FLAG-Idl), N, (pneo-HA/FLAG-1d2), N; (pneo-HA/FLAG-1d3),
and C (without plasmid)]. Cells were grown for 2 days, and then the
transiently expressed HA/FLAG-Id protein in the whole cell extract
was immunoprecipitated with anti-HA antibody. HA/FLAG-Id
protein was detected by Western blotting with peroxidase conjugated
anti-FLAG antibody after SDS-polyacrylamide gel-electrophoresis
as described under Materials and Methods. Chemiluminescence was
detected after 15 min exposure. The average molecular mass of the
tagged Id protein was calculated with GENETYX-MAC GENETIC
INFORMATION PROCESSING SOFTWARE (GENETYX
Corporation, Tokyo, Japan); HA/FLAG-Id1, 19.1 kDa; HA/FLAG-
1d2, 18.5 kDa; and HA/FLAG-1d3, 16.7 kDa. The values were the
sums of the amino acid residues of the native Id (148, 134 and 119
residues for Id1, 1d2 and Id3, respectively) and HA/FLAG peptide
(31 residues) (20). The Id1 used in this study was a smaller isoform
produced by removing a coding intron (49).

P19 and P19CL6 cells revealed that the transcription of
GATA-4 gene starts at around 4 days under differentiation
conditions, that of the genes for the components of
cardiac muscle following later (7,26-28). Figure 4
(left) shows that GATA-4 mRNA was actually detected
within 4 days after DMSO addition and that of a-MHC
appeared at 8 days weakly and at 12 days clearly.
However, transcription of the GATA-4 gene did not
occur in Id1,5 and Id3,; cells even in the presence of
DMSO, ectopically HA/FLAG-1d1 and HA/FLAG-
Id3 being expressed, respectively (Figure 4, middle
and right). As the transcription of cardiac muscle genes
such as a-MHC, p-MHC, cardiac troponin C (cTpC),
atrial myosin light-chain 1 (MLC-1,) and ventricular
MLC-1 (MLC-1,) is positively regulated by GATA-
4 (29), the expression of a-MHC was not induced
in Id1,5 and 1d3,; cells without GATA-4 expression
(Figure 4). It must be further noted that the GATA4-4 and
a-MHC genes were also repressed in Id1g; cells, similar
to in Figure 4 (middle) under differentiation condition
(not shown), which may suggest that ectopic Idl
reproducibly inhibits GATA-4 gene transcription under
our experimental condition.

The Ids were transcribed even in an undifferentiated
state, as shown at Day 0 in Figure 4, as the Ids were
usually detected in the control samples without DMSO
(17,28,30). Regarding the behavior of the expression
pattern in our study, the mRNA level of Id2 was clearly
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Figure 3. Detection of Ids tagged with a HA/FLAG peptide stably
expressed in P19CL6 cells. (A) P19CL6 cells were transfected with
the expression plasmid for either tagged Id1, Id2 or Id3 by means of the
calcium-phosphate method [Id1 (pneo-HA/FLAG-Id1), 1d2 (pneo-HA/
FLAG-Id2), 1d3 (pneo-HA/FLAG-Id3), and C (P19CL6 cells without
transfection)] as described under Materials and Methods. Six colonies
resistant to neomycin were isolated from each transfection. The whole
cell extract of each clone was treated with anti-HA antibody, and the
immune-precipitated HA/FLAG-Id was detected by means of Western
blotting with anti-FLAG antibody after SDS-polyacrylamide gel-
electrophoresis. Chemiluminescence was detected after 1 hr exposure.
The numbers of clones from each expression plasmid are indicated
above. (B) P19CL6 cells were transfected similarly to as described in
(A), and eight colonies resistant to neomycin were isolated from each
transfection. M, whole cell extract (20 pg protein) prepared from Cos-
1 cells transiently expressing the Id1 expression plasmid (pneo-HA/
FLAG-Id1). Open triangles in (A) and (B) indicated the tagged Id
proteins (HA/FLAG-Id1 and HA/FLAG-Id3). The positive clones are
denoted as clone 1d1,s, clone Idly, and clone 1d3,;, respectively, in
the text. Id proteins could not be detected in the rest of the clones not
indicated in the figure (not shown).

increased in a later stage of culture in the presence of
DMSO independently of the forced expression of Id1
and Id3 (Days 8 and 12 in Figure 4). The mRNA levels
of Id1 and Id3 seemed to increase or to be maintained
during culture, although those of the transcripts
for Ids in Idl,s cells decreased immediately after
differentiation.

4. Discussion

Transcription of the GATA-4 gene in heart could be
activated by ubiquitous E-box binding proteins (9) and
heart-specific upstream enhancer (G2), which is a direct
target of Forkhead box (Fox) and GATA transcription
factors (37). Ids are known to directly inhibit ubiquitous
E-box binding bHLH transcription factors such as
Transcription factor 3 (Tcf3 known as E2A) (/6) and
UCF2 (32), and indirectly Foxa2 (/6). Furthermore, Id
proteins bind to GATA-4 and inhibit its DNA binding to
the GATA motif (/7). These observations suggest that
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Figure 4. Inhibition of GATA-4 gene transcription under
differentiation condition in the P19CL6 cells with overexpressed
Id1 and Id3 tagged with a HA/FLAG peptide. P19CL6 cells and
clones Id1,; and Id3,; were cultured in the presence of 1% DMSO.
Total RNA was prepared on the indicated days after the addition
of DMSO. The mRNA levels (GATA-4, a-MHC, Idl1, Id2, I1d3 and
B-actin) were determined by means of RT-PCR under semi-quantitative
conditions using the primer pairs shown in Table 1A. The products
(537, 302, 244, 351, 329, and 278 bp, respectively) were analyzed by
2% (w/v) agarose gel electrophoresis (see Materials and Methods). The
primer pairs for GATA-4, a-MHC, and B-actin were designed from
the registered cDNA sequences; NM_008092 (GATA-4), M76601
(0-MHC), and NM_007393 (B-actin), respectively.

the increased expression of Id1 and Id3 likely inhibits
GATA-4 transcription and the GATA-4 function, which
results in inhibition of expression of cardiac muscle
genes and differentiation of P19CL6 cells.

A negative feedback regulatory loop between Ids
and cardiac transcription factors such as GATA-4 and
Nkx2.5 is proposed since transiently expressed these
transcription factors induce 1d2 expression in rat and
mouse cardiomyocyte precursor cell lines (28). Such
induction of 1d2 was detected in our experiment (Figure
4, left), although increases of Id2 transcripts were
detected in the presence of DMSO without GATA-4
expression (Figure 4, middle and right), possibly due
to participation of DMSO-inducible factor(s) hitherto
unidentified (206).

P19-derived cardiomyocytes resemble embryonic
cardiomyocytes (6). The E-box binding Heyl and Hey2
bHLH transcription factors (different nomenclature
summarized in ref. 33), which are expressed
developmentally in atrial and ventricular compartments
(33), are repressors of GATA-4 (34). Although Id1
could interact with Heyl (35), it is unlikely that Ids
cancel repression of the GATA-4 gene through binding
to Heyl and Hey2 upon DMSO addition since P19CL6
cells do not express Heyl and Hey?2 in the absence
of DMSO (Figure S1, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=78). Actually,
the transcript of Heyl increased starting from 4 days of
differentiation (27).

Although transcription factors GATA-4, myocyte-
specific enhancer factor 2C (Mef2c), Nkx2.5 and
Tbx5, which mutually interact (6), could stimulate
cardiomyocyte differentiation of P19 and P19CL6
cells (7,36,37), signaling pathways further govern
the expression and function of these transcription

factors. Bone morphogenetic protein (BMP) stimulates
differentiation of P19CL6 cells through the Smad and
TAK1 (a member of the mitogen-activated protein
kinase kinase kinase) pathways together with DMSO-
inducible factors independent of BMP signaling (26).
Furthermore, the hedgehog, Wnt and Notch signals
may participate in cardiac development (33,38,39).
BMP-mediated inhibition of Wnt signal stimulated
the commitment of cardiac precursor cells to become
cardiomyocytes (39). Although the BMP signal also
induces Ids (35), Ids can stimulate cardiomyocyte
proliferation (30,40,41). The relative contents of Ids
and relevant transcription factors would govern the
growth and differentiation of cardiac cells since single
cell analysis of fate conversion of fibroblasts into
cardiomyocytes suggested a strong anti-correlation of
1d genes with those of GATA-4, Mef2c and Thx5 (42).

Ectopic p204 could partially substitute for DMSO
in inducing the differentiation of P19 cells and
concomitantly stimulate nuclear export of Ids resulting
in their degradation by proteasomes (/7,43). Thus, not
only transcription but also cellular localization of Id
proteins should be carefully examined. Several modes
of regulation by bHLH proteins and Ids have been also
postulated (44), and their context-dependent regulatory
circuits including miRNAs were proposed (35,45).
Culture conditions might also influence the regulatory
circuits since Id expression and cardiac differentiation
could be affected by serum (46) and the insulin dose
(47), respectively. Since cardiomyocyte regeneration
is clinically important for the repair of a damaged
heart (48), further study of the molecular mechanisms
underlying fine-tuning of such regulatory circuits in
which Ids and transcription factors including GATA-4
participate may be helpful for improvement of cardiac
cell therapy.
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SUMMARY

Since the molecular mechanisms underlying in the pathogenesis of cardiovascular diseases (CVD)
are extremely complex and have not yet been elucidated in detail, CVD remain the leading cause
of death worldwide. Traditional Chinese medicine involves the treatment of disease from an overall
perspective, and its therapeutic effects on CVD have been demonstrated. However, the mechanisms
contributing to the multiscale treatment of cardiovascular diseases at the systematic level remain
unclear. Network pharmacology methods and a gene chip data analysis were integrated and applied
in the present study, which was conducted to investigate the potential target genes and related
pathways of Shenfu Decoction (SFD) for the treatment of myocardial injury. The gene chip analysis
was initially performed, followed by network pharmacology to identify differentially expressed
genes (DEG) and a functional enrichment analysis. Protein-protein networks were constructed
and a module analysis was conducted. A network analysis was used to identify the target genes of
SFD. Regarding the results obtained, 1134 DEG were identified using the STRING website. The
module analysis revealed that nine hub genes exhibited ubiquitin-protein ligase activity. Therefore,
SED significantly alters the expression of ubiquitination-related genes and, thus, plays an important
therapeutic role in the treatment of heart failure. In conclusion, hub genes may provide a more
detailed understanding of the molecular mechanisms of action of as well as candidate targets for

SFD therapy.

Keywords

1. Introduction

Cardiovascular diseases (CVD) are the leading
cause of death worldwide (/). The application of
traditional Chinese medicine (TCM) to the treatment
of COVID-19 has been examined and it is now used in
clinical settings in China; however, there is currently
insufficient evidence for its global expansion (2). The
use Chinese herbs to prevent various diseases, including
CVD, has been investigated (3). Bioinformatics
has become an important tool in the medical field
because it effectively reveals relevant knowledge
hidden in big data, thereby promoting the discovery
of integrated information (4). The core concepts of
TCM and network pharmacology are similar (3), with
multicomponent therapy and network targets as the
basis for TCM (6) and a molecular network for network

Cardiovascular diseases, traditional Chinese medicine, Shenfu Decoction, network pharmacology

pharmacology (7). Although many methods may be
applied in investigations of the mechanisms of action of
TCM in the treatment of CVD, network pharmacology
is widely accepted and used because it provides a broad
perspective (8).

The cardioprotective effects of Shenfu Decoction
(SFD) have been demonstrated. It has been shown
to inhibit myocardial cell apoptosis in rats with heart
failure (9) and protect against myocardial ischemia-
reperfusion injury (/0). Metabonomics (//) and
proteomics also revealed its protective effects against
heart failure. Moreover, the chemome (/2) and
serum pharmacochemistry (/3) of SFD have been
characterized.

The rapid development of network pharmacology
has contributed to a more detailed understanding of
and insights into the mechanisms by which TCM
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exerts its effects on complex diseases (/4). Therefore,
in the present study, network pharmacology was used
to elucidate the complex molecular mechanisms of
action of SFD in the treatment of CVD. We initially
treated cells with the corresponding drugs and then
subjected samples to a gene chip analysis. Potential
targets were mapped to the corresponding database
for a bioinformatic analysis, which provides a bridge
for clarifying the mechanisms by which SFD exerts its
cardiovascular protective effects.

2. Materials and Methods
2.1. Preparation of the SFD extract

Two Chinese herbal medicines, ginseng and aconite,
were selected at a ratio of 2:1 to prepare SFD. Forty-
five grams of Chinese herbal medicine was added to
900 mL of water to prepare SFD. The hot water extract
obtained was then freeze-dried. Tochimoto Tenkai-do
(Osaka, Japan) provided Panax ginseng CA Meyer (Lot
No. 008607037) and Aconitum carmichaeli Debeaux
(Lot No. 032017001) for the present study.

2.2. Cell culture and treatment

The rat cardiac myoblast cell line H9C2 was purchased
from the European Collection of Authenticated Cell
Cultures (ECACC: Salisbury, England). According
to the information provided in the instructions, the
medium selected was complete DMEM containing
10% fetal bovine serum and culture conditions were
37°C in a 10% CO, humidification box. Three groups
were included in the present study: 1) Control group;
2) Model group; 3) SFD treatment group. Doxorubicin
(DXR: Sandoz, Yamagata, Japan: Lot No. HY8542)-
mediated HIC2 cytotoxicity was induced as previously
described (/5). Following a treatment with SFD
or vehicle for 24 hours, cells were incubated with
or without DXR (2 uM) for another 24 h to induce
cardiotoxicity.

2.3. RNA extraction

Total RNA was extracted from H9C2 cells using
TRIsure (Bioline, Luckenwale, Germany), and genomic
DNA was removed by DNase I (TaKaRa, Ohtsu,
Japan), according to the manufacturers' instructions.
The quantity and quality of RNA were assessed using
a 2100 biological analyzer (Agilent, CA, USA). High-
quality RNA samples (OD, 550 = 1.8-2.0 RIN > 7) were
used to construct sequencing libraries.

2.4. Microarray data

Three samples each from the Control, Model, and SFD
treatment groups were hybridized with an SurePrint

G3 Mouse Gene Expression v2 8 x 60K Microarray
at 65°C for 14 h to analyze expression levels using
microarray methods.

2.5. Identification of differentially expressed genes
(DEG)

DEG among Control, Model, and SFD treatment group
samples were screened using Venn diagrams. [log2FC| >
1 was considered to be significant.

2.6. Protein-protein interaction (PPI) network
construction and a module analysis

As a classic PPI network construction tool, the STRING
database (/6) was employed in the present study, and
the standard for significance was a combined score >
0.4. In the module analysis after network construction,
Cytoscape's plug-in Molecular Complex Detection
(MCODE) was selected (/7). The selection of key hub
genes relied on the following three characteristics:
"degree", "intermediateness", and "intimacy". The
criterion selected in the present study was that these
three characteristics were higher than the corresponding

median values.
2.7. Enrichment analyses of candidate genes

WebGestalt is a functional enrichment analysis web
tool (/8). The WebGestalt online database, as a popular
biological analysis database, facilitates analyses of
the functions of DEG. The standard for statistical
selection is p < 0.05. WebGestalt's over-representation
enrichment analysis method is used to identify
and analyze potential targets. As a gene annotation
tool, a gene ontology analysis involves a functional
analysis that includes molecular function, biological
pathway, and cell component analyses (/9). The Kyoto
Encyclopedia of Genes and Genomes (KEGG) is a
well-known path analysis tool (20).

2.8. Co-expression analysis

GeneMANIA is a user friendly and flexible web
server that is used to generate hypotheses about gene
functions, analyze gene lists, and assess gene priority
for a functional analysis (27). The database comprises
many functions, such as a physical interaction analysis,
co-expression predictions, co-localization, and a genetic
interaction analysis. These functions were used in the
present study to construct the SFD gene network.

3. Results and Discussion
3.1. Identification of DEG

Gene expression datasets were obtained [SETO1:
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Control group vs. Model group, SET02: Model group vs
SFD treatment group]. After standardizing microarray
results, DEG were identified. The overlap between the
two data sets contained 1,134 genes, as shown in the
Venn diagram (Figure 1).

3.2. Prediction analysis of pharmacological mechanisms
based on network pharmacology and module
identification

Based on the STRING database, a PPI network was
constructed with a combined score > 0.4 (Figure 2A),
with 908 nodes and 1822 edges together forming a large

set-2

Figure 1. Venn diagram of the number of genes showing treatment-
induced changes in expression. Differentially expressed genes with
a fold change > 2 in microarray data were selected among mRNA
expression profiling set-1 (control vs. DXR) and set-2 (DXR vs. SFD +
DXR). The two data sets show the overlap of 1,134 genes.

biological network (Table S1, http://www.ddtjournal.
com/action/getSupplementalData.php?ID=79). The
network module (cluster or community) is the sub-
network that is generally defined. The characteristic
of the sub-network is that connections between its
nodes are more reliable and firmer than the loose
connections in the remainder of the network. In other
words, a module is a collection of many nodes with
a high degree of correlation. Module identification is
important because the amount of crucial information
extracted from the network is limited, and it facilitates
the discovery of vital information by researchers that
may be hidden in the network. Network modules have
been utilized in network pharmacology-based TCM
studies to reveal the combination rule of TCM herbal
formulae (22), chemical modules with similar structures
(23), and proteins with equivalent functions (24).
Multi-component and multi-objective analyses have
always been a difficult and hot issue in TCM research.
Network modularity is based on the "Law of Similarity
Attraction" analysis method, which is a precise and
powerful method to describe the complexity of TCM.
Figure 2B shows the PPI network of the 293 nodes and
1083 edges obtained with a degree of between 5 and 42
inclusive. Although the scope of Figure 2B is smaller
than that of Figure 2A, it is also difficult to identify
target molecules. Therefore, as shown in Figure 2C, we
established a novel network to identify target molecules

Ube2d1

Cul1

nrf2
\/I
e Dett Fbxo17
\\ \ )/
Fbxo44

Lmo7

Figure 2. PPI network structure and module identification. (A) PPI network of differentially expressed genes (DEG). (B) The PPI network of
DEG was constructed using Cytoscape. (C) The most significant module with 9 nodes and 36 edges was obtained from the PPI network.
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Figure 3. Enrichment analyses of nine hub genes. (A) An enrichment analysis through the WebGestalt database. (B) A KEGG pathway analysis

of nine hub genes.

more accurately.

Through the plug-in MCODE, the most significant
module was obtained from the PPI network with 9 nodes
-36 edges. The names, abbreviations, and functions
of these hub genes are shown in Table S2 (http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=80). We then calculated three topological
features ("degree", "intermediateness", and
"compactness") of the candidate molecules. According
to the screening criteria described above, three candidate
molecules were identified ("degree" > 9, "betweenness"
> (0.000111031, and "closeness" > 0.27027027), as
shown in Table S3 (http.//www.ddtjournal.com/action/
getSupplementalData.php?ID=80). All 9 genes were
associated with the functions of the ubiquitin-proteasome
system (UPS), which is important in the etiology of
CVD.

UPS plays an essential role in the many mechanisms
involved in mediating the degradation of intracellular
proteins (25). Ubiquitination and proteasome-mediated
degradation are the two main steps of UPS-mediated
proteolysis. In other words, ubiquitination is a series
of enzymatic reactions in cells (26). Dysfunctional
UPS has been implicated in the development of many

CVD (such as atherosclerosis, myocardial ischemia,
hypertrophy, and heart failure) (27).

One of the main factors restricting the use of
anthracycline antibiotics (such as DXR) in clinical
settings is cardiotoxicity (28). DXR-induced
cardiotoxicity may increase the activity of UPS (29).
Sishi et al. also demonstrated that chymotrypsin-like
activity in the heart was inhibited by DXR, while the
ubiquitination of proteins was simultaneously increased
(30). Dysfunctions in the ubiquitin-proteasome pathway
(UPP) have also been shown to play an important role in
CVD (31). The overactivation of UPP has been identified
as a contributing factor to the development of acute
cardiotoxicity as an adverse event of the administration
of anthracyclines.

3.3. Enrichment analyses of hub genes

The biological process, cellular composition,
molecular function, and pathway of the target
protein were analyzed by the WebGestalt database.
The results obtained (Figure 3A) indicated that hub
genes were significantly involved in a number of
biological processes, including metabolic processes,
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biological regulation, cellular component organization,
multicellular organismal processes, developmental
processes, localization, cell communication, responses
to stimuli, cell proliferation, and multi-organism
processes. According to the classification of cellular
components, the protein was located in a protein-
containing complex, the nucleus, and endomembrane
system. The molecular function of the target protein
involved transferase activity and protein binding. To
further confirm that the biological processes involved
in the treatment of myocardial injury by SFD play a
role in the corresponding pathological events in the
course of disease progression, we used the KEGG
database for a pathway enrichment analysis. Seven
important signal pathways were obtained (p < 0.05).
These results (Figure 3B) indicated that the protective
effects of SFD against myocardial injury involve seven
signaling pathways. Previous studies demonstrated
that SFD exerted cardiotonic effects by regulating the
TNF signaling pathway (32), apoptosis (33), the PI3K-
Akt signaling pathway (34), TGF-B/Smads signaling
pathway (35), and Akt/eNOS signaling pathway (36).
Ubiquitination (37) and neddylation (38) were also
shown to play a role in myocardial injury; however, the
relationships between SFD and these pathways need to
be confirmed in further studies. Therefore, SFD appears
to exert protective effects against myocardial injury
by regulating 7 pathways and 10 biological processes.
In addition, previous studies demonstrated that SFD
may cure heart failure by regulating the TGF-/Smads
signaling pathway, apoptosis, and the PI3K-Akt, Akt/

eNOS, and TNF signaling pathways. In summary,
regarding myocardial injury, a number of proteins and
pathways in the biological network may be regulated
by SFD, which ultimately controls the occurrence and
development of CVD.

3.4. GeneMANIA analysis

The GeneMANIA database was selected to further
analyze the interaction network among hub genes
(Figure 4). The 9 central nodes representing hub genes
were surrounded by 20 nodes representing genes that
strongly correlated with the hub genes in terms of
physical interactions (85.09%), shared protein domains
(12.85%), pathways (1.8%), and genetic interactions
(0.26%). The top five genes displaying the strongest
correlations with hub genes included S-phase kinase-
associated protein 1 (SKPI), ETS variant 1 (ETV1),
F-box and leucine rich repeat protein 15 (FBXLI)5),
ETV5, and ATPase Na'/K' transporting subunit
alpha 2 (4TP1A2), among which SKP1 correlated
with cullin 1 (CUL1), ubiquitin-conjugating enzyme
E2D 1 (UBE2D1), F-box protein 17 (FBXO17), and
FBXO044 in terms of physical interactions. ETV1
correlated with de-etiolated homolog 1 (DET1) in
terms of physical interactions and with LIM domain
only protein 7 (LMO7) and HECT with C2 and WW
domain containing E3 ubiquitin protein ligase 2
(HECW2) in terms of genetic interactions. FBXL15
correlated with CUL1 and HECW?2 in terms of physical
interactions and with FBX044 and FBXO17 in terms
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of shared protein domains. ETVS5 correlated with
DETI in terms of physical interactions and with zinc
and ring finger 2 (ZNRF2) and UBE2D1 in terms of
genetic interactions. In addition, ATP1A2 correlated
with ZNRF2 in terms of physical interactions. Further
functional analyses revealed that these proteins showed
the strongest correlation with ubiquitin-protein ligase
activity (FDR=4.45E-09). Additionally, these proteins
correlated with small conjugating protein ligase activity,
acid-amino acid ligase activity, ligase activity, the
formation of carbon-nitrogen bonds, the Skp, Cullin,
F-box containing complex (SCF) ubiquitin ligase
complex, ubiquitin ligase complex, and cullin-RING
ubiquitin ligase complex.

To simultaneously identify the target genes of
SFD for protection against heart failure in the present
study, the bioinformatic analysis method, including
the identification of DEG, and a functional enrichment
analysis were extensively used. A total of 1,134
DEG were identified using the STRING website. A
module analysis showed that nine hub genes exhibited
ubiquitin-protein ligase activity. In summary, the hub
genes and related pathways discovered in the present
study will provide a more detailed understanding of the
mechanisms by which SFD protects the myocardium,
which will lead to novel research concepts for SFD.
Since the safety of drug treatments and the importance
of communication with patients are increasing (39), the
preventative and therapeutic effects of SFD on heart
failure increase the safety of anticancer drug treatments
and will also lead to peace of mind for patients.
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SUMMARY

Keywords

Urothelial bladder cancer (UBC) is a frequently occurring malignancy of the urinary tract. The
present study was undertaken to evaluate the mRNA and immunohistochemical (IHC) expression
of protein kinase human monopolar spindle 1 (hMps1/TTK) gene in transitional cell carcinoma
(TCC) of the bladder and correlate its expression with the clinicopathological characteristics of
patients. In the present study, quantitative real-time reverse-transcriptase polymerase chain reaction
(qRT-PCR) was used to evaluate TTK mRNA expression in TCC. IHC analysis of TTK was also
evaluated. Independent Student's z, ANOVA and chi-square (x°) tests were used to analyze the data
statistically. The frequency of TTK mRNA over expression was detected in 50% of UBC (38/76) by
gRT-PCR. Relative mean fold expression of TTK mRNA was found significantly (p < 0.05) higher
in muscle-invasive bladder cancer (MIBC) as compared to non-muscle-invasive bladder cancer
(NMIBC) patients (8.96 + 4.51 vs. 5.64 + 3.53, p = 0.03). Moreover, IHC reveals heterogenous
immunostaining pattern of TTK in TCC tissues. The frequency of TTK protein over expression was
detected in 56.9% (37 of 65) UBC patients. No significant IHC expression of TTK was detected
among adjacent noncancerous tissues (ANCTs) and benign prostatic hyperplasia (BPH) used as
control. Collectively our study observations conclude that TTK is a novel cancer/testis antigen (CTA)
as a diagnostic marker for early diagnosis of UBC.

TTK protein kinase, cancer/testis antigen, transitional cell carcinoma, urinary bladder cancer,
immunotherapy

1. Introduction

Human urinary bladder cancer (UBC) is the one of the
most common malignancies worldwide and occurs
at a higher frequency in male individuals (7). It is a
heterogeneous disease encompassing distinct biologic
features that lead to extremely different clinical behaviors
(2). Approximately 75% of patients with transitional cell
carcinoma (TCC) present a disease at a non-invasive
stage that involves only the inner lining of the bladder
(3). Patients with non-muscle-invasive bladder cancer
(NMIBC) are usually treated with transurethral resection
with or without intravesical chemotherapy and have a
favourable prognosis; however, some of these patients
suffer from recurrence with grade progression (4).The

remaining 25% of newly diagnosed UBCs present with
muscle invasion and have a higher risk of cancer-specific
mortality (5) with the need of aggressive radical surgery
or radiotherapy, with or without chemotherapy.

The field of cancer vaccine therapy is currently
expected to become the fourth option in the treatment
of UBC after surgery, chemotherapy and radiation
therapy and a large number of clinical and translational
investigations are underway at present in this direction
(6). To date, only few pilot clinical trials have been
conducted to evaluate vaccine candidates for UBC (7).
These trials were conducted on a limited number of study
patients and only in the context advanced invasive UBC
(6,8-10), and metastatic UBC after failure of platinum-
based regimens (7). Thus, identification of additional
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cancer/testis antigen (CTA) in TCC of urinary bladder
with increased potential is need of hour. In this quest, we
evaluated one of the protein kinase human monopolar
spindle 1 (hMps1/TTK) gene (NM_003318) which
encodes a dual serine/threonine and tyrosine protein
kinase and locates on chromosome 6q13-q21. 77K gene
also belongs to cancer-testis (CT) gene family that is
hardly detected in normal tissue except the testis. TTK
is expressed at relatively high levels in testis, thymus
tissues and various malignant tumor tissues (//-22), but
not detected in most other benign tissues. Moreover,
TTK has been also identified as novel targets in human
UBC using microarray (6,21). TTK is over expressed
in various malignancies; however, detailed expression
pattern of TTK in association with clinicopathological
characteristics of TCC remain unclear. Therefore, the
objective of the present study was to evaluate mRNA
and protein expression in tissue specimens of TCC
patients by using quantitative real-time polymerase chain
reaction (qQRT-PCR) and immunohistochemistry (IHC),
and correlate its expression with clinicopathological
parameters of patients.

2. Materials and Methods
2.1. Clinical specimens

A total of 76 freshly frozen UBC tissues (male: 67;
female: 9) were collected from the TCC of urinary
bladder patients for the evaluation of TTK mRNA
expression using qRT-PCR. All patients underwent
transurethral resection of bladder tumour (TURBT) or
radical cystectomy (RC) between March 2006 and April
2012 at Department of Urology, KGMU, Lucknow,
India. The mean age of the UBC patients included in
qRT-PCR assay was 54.75 = 11.51 years. In addition
to analyse IHC expression of TTK, 65 formalin-fixed,
paraffin-embedded (FFPE) bladder tissues, 12 adjacent
noncancerous tissue (ANCT) specimens and 10 benign
prostatic hyperplasia (BPH) tissues were obtained from
the archives of the Pathology Department, KGMU,
Lucknow, India. The mean age of the UBC patients
included in IHC assay was 53.83 + 11.47 years whereas
mean age of BPH patients was 64.14 + 11.46 years. The
participants gave informed consent before taking part
and given consent to use their tissues in the experiments.
None of the TCC of urinary bladder patients has received
any therapy, including chemotherapy, radiotherapy
or other treatment, prior to surgery. Bladder tumours
were staged according to the 2002 tumour-lymph node-
metastasis (TNM) classification system (23). Tumours
were graded according to the 2004 World Health
Organization (WHO) bladder tumour classification
criteria (24). Detailed clinicopathological parameters of
the UBC patients are given in Table 1. All UBC patients
provided signed informed consent and the study design
was approved by the research ethics committee of our

Table 1. Patient clinciopathological parameters

Real-time-PCR
Assay (76), n (%)

Clinicopathological
characteristics

Immunohistochemistry
Assay (65), n (%)

Age (years, %)

<45 24 (31.6%) 17 (26.2%)

>45 52 (68.4%) 48 (73.8%)
Sex

Male 67 (88.2%) 63 (96.9%)

Female 9 (11.8%) 2 (3.1%)
Grade

Low 33 (43.4%) 23 (35.4%)

High 43 (56.6%) 42 (64.6%)
Stage

Ta 3 (3.9%) 6(9.2%)

Tl 33 (43.4%) 23 (35.4%)

T2-T4 40 (52.6%) 36 (55.4%)
Smoking

No 34 (44.7%) 29 (44.6%)

Yes 42 (55.3%) 36 (55.4%)
Tobacco chewers

No 36 (47.4%) 33 (50.8%)

Yes 40 (52.6%) 32 (49.2%)
institution.

All tumours were histologically proven as TCCs and
UBC was confirmed via examination of cystoscopic
biopsy. All tissue specimens were coded with unique
code and the results of qRT-PCR and IHC assays were
interpreted blind of the histopathological characteristics
of the bladder tumours. Upon surgical resection, all tissue
specimens were initially stored in RNAlater” (Ambion
Inc., Austin, TX) and immediately frozen at -80°C in
liquid nitrogen until further analysis.

2.2. RNA extraction and quantitative reverse
transcription-PCR

Total RNA was extracted from tissue specimens using
Trizol reagent (Invitrogen, Carlsbad, CA, USA).
RNA from different normal tissues was purchased
(Clonetech, Palo Alto, CA, USA). First-strand cDNA
was synthesized from total RNA using Quantitect”
Reverse Transcription Reagent (Qiagen GmbH, Hilden,
Germany) as per manufacturer's instructions. In brief,
the expression of the housekeeping gene B-actin, as an
internal standard, and the gene of interest was evaluated
using SYBR"® GreenER™ gPCR SuperMix Universal
(Invitrogen). Human Bladder Total RNA (Clontech, Palo
Alto, CA, USA) was used as a reference for evaluation of
TTK mRNA levels in bladder cancerous tissues. Among
normal tissues, TTK mRNA levels were expressed as
n-fold differences relative to B-actin (internal control)
and the levels in the normal testis (calibrator). The
primer sequences and PCR conditions were the same as
described previously (25).

2.3. Immunohistochemistry

IHC assay was performed on FFPE tissue sections

www.ddtjournal.com



206

Drug Discoveries & Therapeutics. 2021, 15(4):204-209.

Table 2. Correlation between relative mean fold TTK mRNA expression and clinicopathological parameters of UBC

patients
Characteristics Non-muscle-invasive Muscle-invasive
p value p value Total p value
Age (years): Mean + SD Mean + SD
<45 8.00 +2.83 (2) 0.320 7.78 +£3.07 (9) 0.344 7.82+2.89 (11) 0.875
>45 5.11+3.59(9) 9.56 +5.06 (18) 8.07 £5.02 (27)
Sex:
Female 6.00 +0.00 (1) 0.921 8.00 +0.00 (1) 0.833 7.00 + 1.41 (2) 0.750
Male 5.60 +3.72 (10) 9.00 £ 4.60 (26) 8.06 +4.59 (36)
Grade:
Low 4.29+3.15(7) 0.093 6.83 +5.23 (6) 0.195 5.46 +4.26 (13) 0.010
High 8.00+3.16 (4) 9.57+4.23 (21) 9.32 £ 4.06 (25)
Smoking:
No 5.60 +4.10 (5) 0.977 8.08 £4.70 (12)  0.375 7.35+4.55(17) 0.430
Yes 5.67+3.39 (6) 9.67 +£4.39 (15) 8.52 +4.45 (21)
Tobacco:
No 5.50 +2.89 (4) 0.929 8.27+5.20 (15)  0.380 7.68 +4.88 (19) 0.669
Yes 5.71+4.07 (7) 9.83 +3.49 (12) 8.32+4.14 (19)

Numbers in parenthesis indicate the number of UBC patients.

according to our previously published protocol (26).
The TTK protein in UBC tissues was detected using a
rabbit polyclonal antibody against TTK (C-19; sc-540;
1:100 dilution, Santa Cruz Biotechnology, Santa Cruz,
CA) overnight at 4°C. The IHC expression of TTK
was evaluated according to the following criteria. The
immunostaining patterns were applied into scales on
the percentage of cells with positive immunostaining:
0, complete absence or negative stained cells; 1, < 10%
positive cells; 2, > 10% positive cells but < 50% and 3,
> 50% positive cells. The IHC expression of TTK was
scored as being present or not. Heterogenous staining of
urothelial and cancer cells were scored negative when
tumour biopsies stained less than 10%, while those
stained more than 10% was considered as positive on
IHC.

2.4. Statistical analysis

Continuous data were defined as Mean + SD, while
categorical in %. Qualitative variables were illustrated
as percentages and numbers. Independent Student's
t test and ANOVA was used to analyse comparison
between groups and significance of mean difference
was analyzed by Tukey's post hoc test after adjusting
the multiple contrasts for significance. Associations
between categorical groups (i.e., TTK expression and
clinicopathological parameters) were analyzed using
the chi-square (¢°) test and p < 0.05 was considered to
be statistically significant. All statistical analysis was
implemented with the SPSS software (Windows version
18.0).

3. Results and Discussion
3.1. Quantitative expression of TTK mRNA

Quantitative analysis of TTK mRNA expression was

analyzed using qRT-PCR in 16 normal tissues and 76
bladder tumour tissues. The frequency of TTK mRNA
expression was observed in 30.6% (11 of 36) of NMIBC
and 67.5% (27 of 40) MIBC patients. Thus, overall
50.0% (38 of 76) TCC of urinary bladder patients were
found to be positive for TTK mRNA expression. TTK
mRNA expression was observed in higher number of
MIBC patients than NMIBC patients (67.5% vs. 30.6%,
p < 0.001). In the MIBC patients, relative mean fold
expression of TTK was significantly higher as compared
to NMIBC (8.96 + 4.51 vs. 5.64 + 3.53, p = 0.03). We
detected TTK mRNA expression in 39.3% patients with
low-grade and 58.1% with high-grade bladder tumours
respectively.

TTK mRNA expression was detected only in testis,
and thymus using qRT-PCR. However, over expression
was detected only in testis and relative mean fold
expression level of TTK mRNA in thymus was 112-fold
lower than that in the testis.

The relationship between TTK mRNA expression
and clinicopathological parameters of the TCC patients
is summarized in Table 2. No significant correlation
was found between TTK mRNA expression and
clinicopathological parameters such as patient's age,
gender, grade, disease stage, cigarette smoking and
tobacco chewing etc. in both NMIBC and MIBC
patients. However, high relative mean fold expression
of TTK mRNA was detected in older age patients vs.
younger patients, males vs. females, advanced stage vs.
early stage, high-grade vs. low-grade and with cigarette
smoking and chewing tobacco habit.

3.2. Expression of TTK protein

IHC revealed heterogenous (TTK protein to be
expressed and located to both nuclei and cytoplasm)
positive immunostaining in bladder tumour tissues
and were interpreted as IHC-positive. Heterogenous
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Figure 1. Immunohistochemical analysis of TTK in UBC. UBC tissues were stained with TTK specific rabbit polyclonal antibody. (A)
NMIBC tissue showing strong positive expression; (B) MIBC showing strong positive expression; (C) MIBC showing positive expression; (D)
BPH tissue showing negative expression; (E) NMIBC showing positive expression.

Table 3. Correlation between TTK protein expression and clinicopathological parameters of UBC patients

Non-muscle-invasive (n = 29)

Muscle-invasive (n = 36)

Total (n=065)

Characteristics
Negative  Positive Negative  Positive Negative  Positive
p value p value p value
n (%) n (%) n (%) n (%) n (%) n (%)
Age (years):
<45 4(23.5%) 2(16.7%)  0.653 4(36.4%) 7(28.0%) 0.616 8(28.6%) 9(24.3%) 0.700
>45 13 (76.5%) 10 (83.3%) 7 (63.6%) 18 (72.0%) 20 (71.4%) 28 (75.7%)
Sex:
Female 0 (0.0%) 0(0.0%) NA 1(9.1%) 1 (4.0%) 0.539 1(3.6%) 1(2.7%)  0.841
Male 17 (100%) 12 (100%) 10 (90.9%) 24 (96.0%) 27 (96.4%) 36 (97.3%)
Grade:
Low (G1) 12(70.6%) 5(41.7%)  0.119 1(9.1%) 5(20.0%) 0.418 13 (46.4%) 10(27.0%) 0.105
High (G2-G3) 5(29.4%) 7(58.3%) 10 (90.9%) 20 (80.0%) 15(53.6%) 27 (73.0%)
Stage
Ta 2(11.8%) 4(33.3%) 0.158 0(0.0%) 0 (0.0%) NA 2 (7.1%) 4(10.8%) 0.28
T1 15 (88.2%) 8 (66.7%) 0(0.0%) 0(0.0%) 15(53.6%) 8 (21.6%)
T2 -T4 0(0.0%) 0(0.0%) 11 (100%)  25(100%) O 11 (39.3%) 25 (67.6%)
Smoking:
No 12 (70.6%)  7(58.3%)  0.494 5(45.5%) 5(20.0%) .l16 17 (60.7%) 12 (32.4%) 0.023
Yes 5(29.4%) 5(41.7%) 6 (54.5%) 20 (80.0%) 11 (39.3%) 25 (67.6%)
Tobacco chewing:
No 8(47.1%) 8(66.7%)  0.296 8(72.7%)  9(36.0%)  0.042 16 (57.1%) 17 (45.9%) 0.371
Yes 9(52.9%) 4(33.3%) 3(27.3%) 16 (64.0%) 12 (42.9%) 20 (54.1%)

Numbers in parenthesis indicate the number of UBC patients.

expression of TTK was detected in 41.4% (12 of 29) of
NMIBC and 69.4% (25 of 36) MIBC patients (Figure 1).
Thus an overall frequency of TTK IHC expression was
found to be positive in 56.9% (37 of 65) TCC patients.
TTK protein expression was observed in significantly
higher number of MIBC patients than NMIBC patients
(69.4% vs. 41.4%, p = 0.02). Furthermore, heterogenous
expression of TTK was detected in 43.4% patients
with low-grade and 64.2% with high-grade urothelial
tumours respectively. No significant expression of TTK
protein was observed among ANCTs and BPH tissues.
The relationship between TTK protein expression and
clinicopathological parameters of the TCC patients

is summarized in Table 3. The protein expression of
TTK was not found to be significantly associated with
the clinicopathological parameters as well as habits
of NMIBC and MIBC patients. However, the protein
expression of TTK was found to be significantly (p =
0.042) associated with the tobacco chewing habit in
MIBC patients.

UBC is a heterogeneous disease which is specified
by a high recurrence rate that necessitates continuous
cystoscopic surveillance. Despite a better understanding
of UBC biology and the use of adjuvant therapies,
UBC remains one of the most expensive carcinoma to
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treat due to its high recurrence rate, risk of progression,
chemotherapeutic resistance and requirement of long-
term follow-up strategies.

TTK over expression has been reported in many
different types of cancers, and significantly correlated
with specific clinicopathological tumour features.
However, little is known about the expression status and
clinical significance in TCC. Thus in the present study,
we analyzed the detailed mRNA and protein expression
pattern of TTK to evaluate its clinical significance in
human TCC. In the present study, we have detected TTK
mRNA expression in 50.0% UBC patients using qRT-
PCR. Our study findings derived by qRT-PCR are in
agreement with previous observations reporting TTK
upregulation in a variety of tumours, such as breast,
esophageous, lung, prostate, lung, anaplastic thyroid and
bladder (/3-21). Our study findings are also consistent
with the previous studies of CTA expression in UBC
that MAGE-AS8 and MAGE-A9 expression was detected
in 56% and 54% of bladder tumours (27), whereas NY-
ESO-1 expression were observed in 35% and 45.1%
tumours (28,29).

TTK mRNA expression characteristics were
investigated in different tissues to determine whether
TTK possess CTA expression characteristics. In present
study TTK mRNA expression was detected in testis and
thymus normal tissues using qRT-PCR. These findings
were consistent with the previous report (22). Thus our
study results imply that TTK mRNA expression plays
an important role in bladder tumorigenesis. Our study
further evaluated IHC expression of TTK in FFPE
sections of bladder tissues, which affirm heterogenous
expression pattern in TCC but no significant expression
was observed among ANCTs. These results are
consistent with the previous published reports in which
high protein expression of TTK was observed in tumour
specimens but not in ANCTs (/3). In the present study,
heterogenous immunostaining pattern of TTK was
observed in FFPE sections of bladder tissues. These
results are consistent with previous report that detected
heterogenous expression pattern of various other CTAs
in urothelial carcinoma (30). In our study no significant
association was observed between TTK expression
and clinicopathological parameters such as sex, age,
stage, and grade of the UBC patients. These results
are in accordance with findings from earlier published
observations in TCC of bladder (29).

The present study had few limitations. The bladder
tumor tissues used to evaluate mRNA and protein
expression of TTK was obtained from different patient's
cohort. In this quest, no association was observed
between TTK mRNA expression and protein expression.
Moreover, the relatively smaller sample size of TCC of
urinary bladder patients did not granted to perform sub
analysis.

In conclusion, the present study indicated
upregulation of TTK mRNA expression and over

expression of IHC staining in most of TCC patients
irrespective of stage, grade and other clinicopathological
parameters of TCC patients, indicative of its diagnostic
potential as a molecular marker. However, it is further
warranted to be compared with available gold standard
diagnostic methods like biopsy and urine cytology to
find out diagnostic efficacy of TTK over expression
as a molecular marker in diagnosis of TCC. Our study
findings also conclude that TTK might be a potential
vaccine candidate for immunotherapy in TCC due to
its expression among bladder tumours and restricted
expression in normal tissues. However, findings remain
to be verified in larger prospective clinical studies to
evaluate its potential as a molecular biomarker and
immunotherapeutic target for the TCC of urinary
bladder.
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SUMMARY

Infantile hemangioma (IH) is a common benign tumor during infancy, although the detailed

mechanism behind it has not been fully elucidated. Based on previous studies, we hypothesized that
formation of hemangioma might be triggered by secondary physiological events (perinatal hypoxia or
mechanical stress during delivery) in patients carrying germline risk mutations. We aimed to clarify
the mechanism by evaluating whether head and neck lesions were more frequent in patients in who
IH appeared after birth compared with those in who it was present at birth. Clinical data of 62 lesions
in 51 patients with [H were collected. All patients were analyzed for correlation of onset with gender,
localization, family histories, gestational age, birth weight, and clinical subtypes. Distribution of
lesions on the head and neck was slightly more frequent in the after-birth IH group, compared with
those with IH present at birth, but without significant difference (47.6% vs. 40.0%, p = 0.32). On the
other hand, the ratio of superficial and deep type IH at birth was significantly altered compared with
that in IH after birth (19:0 vs. 26:7, p = 0.039). In addition, IHs appearing after birth tended to more
commonly have multiple lesions than those with IH present at birth, with statistically significant
difference (25.8% vs. 0%, p = 0.0164). There may therefore be different triggers for IHs at birth and
IH after birth. Further studies with greater number of patients are necessary to validate these findings.

Keywords

1. Introduction

Infantile hemangioma (IH) is one of the most common
benign tumors during infancy. It occurs in an estimated
3-10% infants, with a recent increase in prevalence (/).
IH typically appears at approximately 2 weeks of age
and rapidly proliferates within 6-10 months followed by
spontaneous involution over 7-10 years (/). Most IHs
become apparent after birth, but a portion of the patients
have precursor lesions at birth (2). Risk factors of IH
include low birth weight, multiple gestation, preterm
birth, progesterone therapy, and family history (7).
Detailed mechanisms have not been fully elucidated,
but there are several hypotheses seeking to explain
its specific clinical manifestation. One hypothesis is
emboli of placental cells. Gene expression patterns of
cellular markers differ from those of endothelial cells in
the surrounding skin, but resemble those of endothelial
cells lining fetal microvessels in the human placenta
(2). A second hypothesis is related to hypoxia. The
intrauterine hypoxia associated with glucose transporter

Distribution, infantile hemangioma, onset

(GLUT)-1 and indoleamine 2,3-dioxygenase may
have a role in pathogenesis (/). A third hypothesis is
related to endothelial progenitor cells or stem cells.
Endothelial progenitor cell generated IH-like lesions in
immunologically-deficient mice (3).

Meanwhile, we previously identified germline
mutations in genes encoding tumor endothelial marker 8
(TEMS) and vascular endothelial growth factor receptor
(VEGFR)-2, resulting in VEGFR-1 down-regulation
and endothelial proliferation, survival, adhesion and
migration by activating VEGF signaling through
VEGFR2 (4). Considering the emergence after birth
and age-dependent involution of IH, we hypothesize
that formation of hemangioma is triggered in patients
carrying the germline risk mutations by secondary
physiological events, for example perinatal hypoxia
or mechanical stress during delivery (2). Consistently,
when the distribution of 104 lesions in 100 patients
with IH was analyzed, lesions in the jaw or chin area
were significantly less frequent than in other areas (9).
Mechanical stress to the jaw or chin areas may be less

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2021; 15(4):210-213. 211

than in other areas in normal cephalic delivery.

If mechanical stress during delivery is really one of
the causes of IH, in this retrospective study, we tried to
prove the hypothesis that head and neck lesions would
be more frequent in the IH group with patients in who
IH appeared after birth compared with those with IH
present at birth.

2. Materials and Method
2.1. Clinical assessment and patient material

We conducted a retrospective study of 51 Japanese
patients with IH who visited Wakayama Medical
University Hospital between August 2019 and March
2020. All patients were diagnosed based on clinical
manifestation and/or image findings.

The following variables, obtained from medical
records and clinical pictures, were collected for the
analysis: date of onset, gender, number of lesions,
localization (head and neck, limbs, or trunk), family
histories, gestational age, birth weight, and clinical
subtype.

Clinical subtypes were defined according to the
depth of soft tissue involvement. Superficial-type IHs
involve the superficial dermis and manifest with a raised,
lobulated and bright red appearance (2). Deep-type IHs
arise from the reticular dermis and/or the subcutis layer,
and appear as a bluish-hued subcutancous nodule or
tumor. Mixed-type IHs have features of both subtypes.

2.2. Statistical analysis

Statistical analysis was carried out with the Fisher's
exact test for comparison of frequency. P < 0.05 was
considered statistically significant.

3. Result and Discussion

3.1. Clinical characteristics of patients with IH in our
study

We collected the clinical data of 62 lesions in 51
patients with IH (32 girls, 19 boys). Distribution of the
62 lesions was 28 lesions on the head or neck (45%), 19
on limbs (31%), and 15 on trunk (24%). No patients had
segmental TH. The clinical subtypes of the 62 lesions
were 45 superficial (73%), 7 deep (11%), and 10 mixed
(16%). Eight cases (13%) had multiple lesions. In 51
patients with IH, only one patient had notable family
history. Information on gestational age was available
for 26 cases, four of whom were born earlier than 37
weeks. Birth weight was available for 25 patients, four
of whom were born at low birth weight (< 2,500 g).
Reportedly, girls are more likely than boys to have
IH (2). For example, in the recent investigation by
Anderson et al. there were 644 females and 355 males,

and approximately 44% of lesions were located in the
head and neck (6). The majority of IHs occur as solitary
lesions, but approximately 20% of patients have
multiple lesions (7). Superficial IH are thought to be
the main clinical subtype (8). Furthermore, formation
of hemangioma is believed to be primarily sporadic,
whereas, although rare, there are some cases of
familial IH (2). Accordingly, the characteristics of the
51 patients in our study, such as gender, localization,
number of lesions, clinical subtype, and family
histories, are consistent with previous reports.

On the other hand, Katelyn et al. reported average
gestational age at birth (38.7 weeks) and birth weight
(3.28 kg) of infants diagnosed with IH between 1976
and 2010 (6). In the present study, the mean birth
weight of six infants with IH present at birth was 2.82
kg and that of the 19 infants with IH appearing after
birth was 2.92 kg (Table 1). These birth weights were
lower than the previous result, perhaps due to racial
differences.

3.2. Correlation of onset with clinical characteristics in
infants with IH

Next, we classified 51 patients with IH into two groups
according to the timing of onset; those with IH present
at birth (n = 20) and those whose IH appeared after
birth (n = 31: average 18 days after birth). All patients
were analyzed for correlation of onset with gender,
localization, family history, gestational age, birth
weight, and clinical subtypes (Table 1).

Table 1. Clinical characteristics in infants with infantile
hemangioma

Number of cases

Items
At birth (n = 20) After birth (n =31)

Gender

Female 14 18

Male 6 13
Localization

Head and neck 8 20

Limbs 8 11

Trunk 4 11

(Multiple) (0) ®)
Clinical type

Superficial 19 26

Deep 0 7

Mixed 1 9
Family histories

+ 1 0

- 19 30

Unknown 0 1
Gestational age

1 <37 week 1 3

> 37 week 6 16

Unknown 13 12
Birth weight

Mean weight (kg) 2.82 2.92

Low birth weight 1 3
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Figure 1. Representative clinical manifestation of multiple infantile
hemangioma appeared 11 days after birth: head (a) and upper
abdomen (b).

There was no statistically significant correlation
between timing of onset and the gender ratio (girl:boy
= 14:6 vs. 18:13, p = 0.55). The most frequent location
of the 20 cases of IH present at birth was the head and
neck (n = 8), and limbs (n = 8) followed by the trunk (n
= 4). In contrast, among infants with IH that appeared
after birth, 8 cases had multiple lesions. Of the 23 cases
of single IH, the most common site was the head and
neck (n = 13), followed by the limbs (n = 5) and the
trunk (n = 5). Of the 19 lesions on the 8 infants with
multiple IH, 7 were on the head and neck, 6 were on
the trunk, and 6 were on the limbs. Clinical images
of representative patients with multiple lesions of IHs
are shown in Figure 1. The distribution of lesions on
the head and neck was slightly more common in the
group with IH that appeared after birth, compared with
those with IH present at birth, but without significant
difference (47.6% vs. 40.0%, p = 0.32).

As described in the Introduction, we hypothesized
that the expansion of endothelial cells within the lesion
might be triggered by physiological factors, such as
mechanical stress during delivery. As a limitation of
this study, medical records on delivery (e.g., vaginal
delivery or cesarean section) were not available. Direct
evidence could not therefore be shown, but we tried to
clarify the mechanism by evaluating whether head and
neck lesions were more frequent in the group in which
IH appeared after birth compared with the patients in
which it was present at birth. As a result, there was
such a tendency, but the difference was not statistically
significant.

On the other hand, we unexpectedly found IH that
appeared after birth tended to have multiple lesions
more commonly than those with IH present at birth,
with statistically significant difference (25.8% vs.
0%, p = 0.0164) (Table 2). Given that recognition of
multiple lesions will be easier and earlier than solitary
lesions, our result may indicate that there may be
different triggers between IHs present at birth and those
appearing after birth. In other words, IH present at birth
are likely caused by a local trigger, while IH appearing
after birth may be induced by systemic factors in
addition to local triggers, such as cytokines related to

Table 2. Correlation of onset with number of lesions

Items at birth after birth all
single 20 23 43
multiple 0 8 8
all 20 31 51

Table 3. Correlation of onset with clinical subtypes

Items at birth after birth all
superficial 19 26 45
deep 0 7 7
all 19 33 52

systemic neovascularization or sensory nerve growth
after birth.

In addition, clinical subtypes of IHs at birth were
as follows: 19 superficial and one mixed. On the
other hand, clinical subtype of IHs after birth was 26
superficial, 7 deep, and 9 mixed. The ratio of superficial
and deep IH present at birth was significantly different
to that in IH after birth (19:0 vs. 26:7, p = 0.039) (Table
3). Thus, deep type IH was significantly more common
in infants with IH appearing after birth than those with
IH present at birth. The reason may be simply because
of the difficulty and time taken to recognize deep type
IHs due to the depth of the lesions and normal skin
coloration.

Among four patients with IH born at < 37 weeks,
one had IH present at birth and three had IH after birth.
Among the four patients with [H with low birth weight,
one had IH at birth and three developed IH after birth.
There was no statistically significant correlation
between onset and these parameters.

In conclusion, IHs appearing after birth tended to
more commonly have multiple lesions than those with IH
present at birth, with statistically significant difference.
Our result suggests that there may be different triggers
between [Hs present at birth and those appearing after
birth. Further studies with a greater number of patients
are necessary to validate these findings.
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SUMMARY

Keywords

Neurological complications are increasingly being reported in dengue fever, and the dengue virus
is now recognized as a neurotrophic virus. The damage caused by inflammatory cytokines in the
febrile phase and molecular mimicry in the recovery phase is responsible for these neurological
manifestations. We report such an unusual neurological complication occurring in a 27-year-old
female in the recovery phase of dengue fever, who developed an acute onset of ascending symmetric
weakness of all four limbs without any sensory, autonomic, cerebellar, or cranial nerve involvement.
She was diagnosed as having an acute motor axonal neuropathy (AMAN) variant of Guillain-Barre
syndrome (GBS) based on a nerve conduction study (NCS) showing axonal neuropathy and contrast-
enhanced magnetic resonance imaging (CE-MRI) showing root enhancement at the region of the
cauda equina. She was treated with intravenous immunoglobulin (IVIG) and showed full recovery
from symptoms with treatment. Our case highlights the importance of being aware of such rare
neurological complications in dengue fever. Early detection and rapid initiation of treatment can lead
to the complete reversal of neurological deficits.

Guillain-Barre syndrome, intravenous immunoglobulin, demyelination, dengue fever, nerve conduction

study

1. Introduction

Dengue virus is now known to be a neurotropic virus,
and neurological complications are being increasingly
reported in dengue fever. The damage caused by
inflammatory cytokines in the febrile phase and
molecular mimicry in the recovery phase are responsible
for these neurological manifestations. Encephalitis,
myelitis, myositis, Guillain-Barre syndrome (GBS),
hypokalemic periodic paralysis have been reported in
dengue fever. We report an unusual case of a 27-year-
old female, in the recovery phase of dengue fever, who
presented with acute onset of ascending symmetric
weakness of all four limbs, diagnosed as acute motor
axonal neuropathy (AMAN) variant of GBS based
on nerve conduction study (NCS) showing axonal
neuropathy and contrast-enhanced magnetic resonance
imaging (CE-MRI) showing root enhancement at the
region of cauda equina. She was treated with intravenous
immunoglobulin (IVIG) and showed full recovery from
symptoms with treatment.

2. Case Report

A 27-year-old female with no comorbidities presented
with acute onset weakness of all four limbs. Weakness
started in the lower limbs and progressed to the upper
limbs after 24 hours. Weakness in the lower limbs
involved the distal muscles in the form of difficulty in
wearing footwear and proximal muscles in the form
of difficulty in walking, standing up from a sitting
position, and climbing stairs. Upper limb weakness was
more distal in the form of difficulty holding a pen, weak
handgrip and difficulty in braiding hair. There was no
history suggestive of any cranial nerve involvement
like drooping of eyelids, diplopia, deviation of tongue
or angle of mouth. There were no associated sensory
symptoms like numbness or paraesthesia. There was
no associated headache, memory loss, behavioural
abnormalities, abnormal movements or vomiting. There
was no associated bowel or bladder involvement. There
was no associated shortness of breath suggestive of
diaphragmatic weakness. There was no history of recent
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Figure 1. Arachnoiditis. Sagittal MRI images of the lumbar spine, T1w (A), T2w (B), Post-contrast (C) show thickening and enhancement

of the thecal sac and the Cauda equina nerve roots (arrow).

Figure 2. Arachnoiditis. Axial post contrast MRI images (A, B) of the lumbar spine, show posterior layering with thickening and

enhancement of the lumbar nerve roots (arrow).

vaccination before the onset of weakness. There was no
history of recent diarrhoeal or respiratory disease.

A week before the onset of weakness, she had a
high-grade fever for 2 days associated with calf muscle
pain and blanching rashes over arms and neck. She
tested positive for NS1 antigen and was diagnosed as
having dengue fever without warning signs.

At presentation, she was conscious, oriented to time,
place, person and cooperative. Her pulse rate was 78
bpm and blood pressure was within normal limits. She
was not tachypneic, had room air saturation of 98% and
single breath count of 36. Examination of the nervous
system revealed symmetric lower motor neuron type of
weakness involving all four limbs. She had a power of
4+/5 at shoulder joint; 4-/5 at the elbow, wrist; 4-/5 at
the hip, knee; 3/5 at the ankle joint, with normal bulk
and generalised hypotonia. All deep tendon reflexes
were preserved and Babinski response was negative.

Given the acute onset of ascending, symmetric
lower motor type of weakness involving all limbs, a
provisional diagnosis of GBS was made. Other possible
differentials kept were acute porphyria and lead
intoxication.

Routine blood investigations showed a normal
leukocyte count of 5,110 cells/uL with 63.2% neutrophils,
mild anaemia (haemoglobin 10.8 g/dL) secondary to
folate deficiency and normal platelet counts. Hepatic
and renal functions were within normal limits. Creatine
phosphokinase (CPK) and lactate dehydrogenase (LDH)
levels were within normal limits. NCS showed reduced
compound muscle action potential (CMAP) in bilateral
median and ulnar, left tibial and right peroneal nerves;
unrecordable CMAPs in the right tibial and left peroneal
nerves and normal F waves. CE-MRI of brain and spine
showed nerve root enhancement in the cauda equina.
Lumbar puncture was deferred as the patient was in the
initial week of illness.

A diagnosis of AMAN variant of GBS was made
and the patient was started on IVIG 2 g/kg given over 5
days. By day 3 of treatment, the patient reported modest
improvement in symptoms and she was discharged after
the course of IVIG. At the time of discharge, power was
5/5 in all joints of upper and lower limbs, except the
ankle joint where the power was 4-/5. The patient was
closely followed up on OPD basis and gradually power
at the ankle joint also returned to normal.
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3. Discussion

Sanguansermsri in 1976 first reported neurological
complications in dengue fever (DF) (7). Initially believed
to be a non-neurotrophic virus, today there is enough
evidence to suggest that dengue virus is neurovirulent.
Viral proteins, RNA and antibodies directed against
dengue virus have been detected in cerebral-spinal fluid
(CSF). Dengue virus 2 and 3 are more likely to cause
neurological complications (2).

Hendarto et al. reported the incidence of neurological
complications in dengue fever as 0.5-6% (3). In
dengue endemic countries like Brazil, neurological
complications have been reported in as high as 21% of
dengue cases (4). Koshy et al. conducted a prospective
study in north west India to identify the prevalence of
neurological manifestations in dengue fever. 799 dengue
patients during the epidemic of 2010 were screened
for neurological manifestations and it was present in
21 patients (2.63%) (5). Neurologic manifestations
are so prevalent in some endemic areas such that in
patients presenting with acute flaccid paralysis, dengue
viral infection must be ruled out as a cause. World
Health Organisation (WHO), in the 2009 classification
of DF, has categorised the presence of neurological
complications as severe dengue (6).

Nervous system involvement has been reported in
both the febrile phase as well as in the convalescence
phase. Damage caused by pro-inflammatory cytokines
like tumour necrosis factor (TNF), interleukins,
complements and molecular mimicry in the form of
the immune response to the dengue virus antigens that
have been misdirected against the host nerve tissue are
believed to be the plausible cause in the febrile phase and
recovery phase respectively. Higher body temperatures,
presence of severe thrombocytopenia, transaminitis
and rashes, hemoconcentration are risk factors for
neurological complications (7).

Verma et al. and Murthy, Marzia and colleagues
classified neurological complications of dengue fever
into (a) neurotrophic complications like encephalitis,
myelitis, myositis; (b) systemic complications like
hypokalemic periodic paralysis; and (c) post-infectious
immune mediated complications like GBS, acute
disseminated encephalomyelitis (ADEM), opsoclonus
myoclonus syndrome, neuromyelitis optica (NMO) (8-
10). Solbrig et al. proposed a different classification
system: (a) involvement of central nervous system and
eyes, (b) peripheral nervous system and (c) post dengue
immune mediated syndromes (//). Peripheral nervous
system manifestations contribute to 5% of neurological
manifestations of DF (/2).

GBS affecting dengue patients is being increasingly
reported now. Tan ef al. in 2019 published a study
evaluating 95 patients admitted with GBS between 2010
and 2018 at a tertiary care centre in Kaula Lampur. Sera
of these patients were tested for IgM antibodies against

cytomegalovirus (CMV), Ebstein Barr virus (EBV),
dengue, mycoplasma pneumoniae and IgG antibodies
against Clostridium jejuni. Twenty percent of the patients
were positive for dengue IgM antibodies and this was
statistically significant (p value = 0.034) and dengue
related GBS was more likely to have diarrhoea, facial
palsy and more severe neurological deficit (/3). GBS is
more likely to occur early in the course of dengue fever.
Average time between onset of fever and neurological
deficit was 2 days (14).

Our patient presented with symptoms suggestive of
AMAN in the recovery phase of dengue fever. She was
treated with IVIG 2 g/kg given over five days and started
showing improvement in weakness by day 3 of IVIG.
Treatment response with both IVIG and plasmapheresis
are equivalent and there is no extra benefit from
combining the two modalities of treatment (/5). When
the patient was followed up a month after discharge, she
had recovered completely from the neurological deficit.
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SUMMARY

Nivolumab is a programmed death receptor-1 blocking monoclonal antibody which has been
approved by United States Food and Drug Administration for patients with metastatic non-squamous
non-small cell lung cancer. Endocrinopathies like thyroid dysfunction and adrenal insufficiency
are its known immune related adverse effects. Hypophysitis is very rare and usually presents with
minimal symptoms. We report development of hypophysitis in an 84-year-old female patient who
developed a range of symptoms (fatigue, headache, nausea) as well as laboratory confirmation of
both central hypothyroidism and central adrenal deficiency which is unusual in cases of nivolumab
induced hypophysitis. The patient had well differentiated adenocarcinoma of the left upper lobe of
the lung. She underwent wedge resection followed by chemotherapy and was started on nivolumab
due to recurrence. After 14 cycles of nivolumab, she started complaining of intense fatigue. She was
found to have central thyroid deficiency and was started on levothyroxine. But her symptoms did not
improve. Then she underwent adrenocorticotropic hormone stimulation test which showed central
adrenal deficiency, but her brain magnetic resonance imaging did not reveal any pituitary or sellar
changes. A diagnosis of nivolumab induced hypophysitis was made, based on clinical grounds and
hormonal profile and she was started on oral steroids. She responded dramatically to this steroidal

therapy within four weeks of its initiation and her immunotherapy with nivolumab was restarted.

Keywords

1. Introduction

Nivolumab is a monoclonal antibody of immunoglobulin
G4 type which targets the programmed death-1 (PD-
1) receptor. It was approved by United States Food
and Drug Administration (FDA) in October 2015 for
patients with metastatic non-squamous non-small cell
lung cancer (NSCLC) based on the CheckMate 057
trial that showed improvement in overall survival as
compared to docetaxel in patients who progressed on
or after platinum-based chemotherapy. It has also been
approved for the treatment of advanced melanoma,
malignant pleural mesothelioma, advanced renal cell
carcinoma, classical Hodgkin’s lymphoma, advanced
squamous cell carcinoma of head and neck, urothelial
carcinoma, metastatic colorectal cancer, hepatocellular
carcinoma, and advanced esophageal squamous
cell carcinoma (/,2). The main immune-related
adverse events (irAEs) associated with nivolumab
include diarrhea, colitis, hepatitis, skin toxicities and

Nivolumab, hypophysitis, non-small cell lung cancer, hypopituitarism

endocrinopathies such as hypophysitis and thyroid
dysfunction (3). Although thyroid dysfunction is a
common adverse effect of nivolumab, hypophysitis
is rare with an incidence of less than 1% and only
a handful cases of nivolumab induced hypophysitis
in patients with NSCLC have been described in
literature (4-6). Usually, such cases present with less
symptoms and radiological features as compared to
other immunotherapy related hypophysitis (5,6). We
present a novel case of an elderly patient with recurrent
NSCLC who was diagnosed with nivolumab induced
hypophysitis based on clinical suspicion due to her
hormonal profile and a range of symptoms which she
developed during nivolumab immunotherapy.

2. Case Report
An 84-year-old Caucasian female, who was first

diagnosed with well differentiated adenocarcinoma
of the left upper lobe of lung in 2009, underwent left
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Table 1. Result of Adrenocorticotropic hormone (ACTH) stimulation test done in patient

Hormone Reference Range Baseline levels 30 mins after ACTH 60 mins after ACTH
(10:15 am) stimulation stimulation
ACTH (pg/mL) 10 - 48 8 - -
Cortisol (mcg/dL) 6.0 - 18.4 (7 - 10 am) 9.7 24.7 29.8
2.7-10.5(3 -6 pm)
Aldosterone (ng/dL) 0.0 - 30.0 <1.0 4.8 5.8

upper lobe wedge resection and mesh brachytherapy
in November 2009. She did not have history of
smoking and had hypertension controlled with oral
medications. She was put on systemic chemotherapy
with pemetrexed, and carboplatin and the treatment
response was monitored with Computed Tomography
(CT) imaging of chest, abdomen, and pelvis. In January
2012, her CT scan images showed disease recurrence
at the wedge resection site, thereby increasing the size
of the right upper lobe, and left upper lobe nodules.
The tumor was EGFR (epidermal growth factor
receptor) and EML 4/ALK (echinoderm microtubule-
associated protein-like 4/anaplastic lymphoma kinase)
mutation negative. She then completed her systemic
chemotherapy with pemetrexed and carboplatin in
March 2012 which was followed by oral erlotinib for
four years. Erlotinib had to be discontinued in January
2016 due to continued adverse effects. Later, in March
2016 she was started on nivolumab immunotherapy
which was well tolerated till October 2016 (11 cycles)
when she complained of intense fatigue occasionally
which led to prolonged sleeping. Occasional headaches
were also an added complaint accompanied with
dryness of mouth and eyes. Her thyroid profile showed
low thyroid stimulating hormone (TSH) and low thyroid
hormone (T4). However, no thyroid autoantibodies
were found in blood, and she was started on oral
thyroxine. By November 2016 she had completed
14 cycles of nivolumab immunotherapy and still had
similar complaints of fatigue, increased sleepiness, and
headaches during her office visits in December 2016.
The patient received one more treatment with nivolumab
in mid-December 2016 post which a 2-month break
from the treatment was approved. On continuing with
the same treatment in February 2017, she complained
of frequent episodes of lightheadedness and nausea.
Her fatigue and headache had still not improved but she
did not have any visual symptoms. Adrenocorticotropic
hormone (ACTH) stimulation test confirmed central
adrenal deficiency (Table 1). Her brain magnetic
resonance imaging (MRI) did not show any significant
abnormality. A diagnosis of depressed anterior pituitary
function was made owing to her earlier decreased TSH
and now central adrenal deficiency. The patient was
started on oral glucocorticoids (Tablet prednisolone 1
mg/kg for a week and then tapering dose over a month).
The patient’s symptoms subsided within four weeks.
Nivolumab immunotherapy was restarted and the low

dose prednisolone along with same dose levothyroxine
was continued till the end of therapy.

3. Discussion

Hypophysitis is an acute or chronic inflammation of
pituitary gland. It is a rare condition in the general
population and its incidence has not yet been quantified.
However, less than 1% of surgically treated pituitary
lesions demonstrate histological features of hypophysitis
(7). Autoimmune hypophysitis, which is a subtype,
has a prevalence of about 5 per million and an annual
incidence of 1 in 7 to 9 million (8). Immunotherapy-
associated hypophysitis is commonly associated
with headache and anterior hypopituitarism. Anterior
hypopituitarism presents with a characteristic but
atypical pattern of deficiency of ACTH followed
by TSH, gonadotrophins and prolactin deficiency
or hyperprolactinemia (9). The degree of pituitary
enlargement is generally mild which goes undetected
on MRI or is completely absent, and compression of the
optic apparatus is extremely rare (5,6,9).

Prior to the nivolumab, hypophysitis was relatively
common in patients treated with ipilimumab, a
human monoclonal antibody against the cytotoxic
T-Lymphocyte antigen 4 (CTLA-4 Ab), which was
approved by the FDA in 2011 for the treatment of
advanced melanoma (/0-15). It has been seen that
as compared to ipilimumab associated hypophysitis,
nivolumab induced hypophysitis is still rare, is diagnosed
late (median of 25 weeks) and is less commonly
associated with any symptoms like headache or any
pituitary changes detected on MRI (3,6). However, our
patient presented with a range of symptoms (fatigue,
headache, nausea) as well as laboratory confirmation
of both central hypothyroidism and central adrenal
deficiency which is unusual in cases of nivolumab
induced hypophysitis. A review of the trial data of
immune checkpoint-induced hypophysitis showed that
the incidence of hypophysitis for ipilimumab was 0-17%
(6,16,17) while the incidence was less for nivolumab (<
1%) (7,18) and pembrolizumab (< 1%) (7, 19).

In a retrospective analysis of 83 patients treated
with immunotherapy to observe the immune checkpoint
inhibitor related hypophysitis (irH), the irH was defined
as (i) ACTH or TSH deficiency plus MRI changes
or (if) ACTH and TSH deficiencies plus headache/
fatigue in the absence of MRI findings. As per this
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definition, 62 patients had irH at initial evaluation
and the most common symptom was fatigue (66%)
followed by headache (60%). Central hypothyroidism
and central adrenal insufficiency were seen in 94% and
69% patients, respectively and 77% of the irH patients
had MRI changes like stalk thickening, suprasellar
convexity, and heterogeneous enhancement of the
pituitary gland. 48 out of 62 (77%) patients were on
ipilimumab, 2/62 (3%) on tremelimumab, 3/62 (5%)
on nivolumab, and 9/62 (15%) on a combination of
both nivolumab and ipilimumab. When compared to
therapies without ipilimumab, those with ipilimumab
had a statistically significant association with irH (p<
0.01) and the median time interval from initiation of
immunotherapy to development of irH was less for
ipilimumab (9-12 weeks) as compared to nivolumab
(30.4-37.7 weeks) (20).

Patients with irH have been treated with physiologic
to high-dose glucocorticoids resulting in improvement
of symptoms and pituitary function. In most patients,
the steroids and other hormone replacements, like
for thyroid, need to be continued till the end of
immunotherapy or even after the end of immunotherapy
as the recovery rate is variable. The chance of recovery
of thyroidal axis is more than the adrenal or gonadal
axis (5,6,9,20).

Our patient developed central hypothyroidism
followed by central adrenal deficiency as evident
by ACTH stimulation test. Her brain MRI did not
show any significant finding, but she had history
of episodes of headache, prolonged sleepiness, and
nausea. Her presentation was novel for nivolumab
induced hypophysitis and a diagnosis was made, based
on clinical grounds and hormonal profile. She was
started on glucocorticoids to which she responded well
symptomatically which further supported our diagnosis.
In almost all cases of immune mediated hypophysitis,
the histopathological diagnosis of hypophysitis by
biopsy of pituitary gland is never indicated due to
increased risk-to-benefit ratio. Hence, a high degree of
clinical suspicion is required for its timely diagnosis.

4. Conclusion

Immunotherapy induced hypophysitis is a rare condition
and has frequently been described with Anti-CTLA4
agents like ipilimumab, but it is rare with Anti-PD1
agents like nivolumab and usually presents with less
symptoms. A normal MRI of the brain does not exclude
hypophysitis. Therefore, a high degree of clinical
suspicion and multidisciplinary team involving medical
oncologists, clinical pharmacologists, endocrinologists,
and radiologists is required to diagnose such cases.
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SUMMARY

In December 2019, the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

caused the outbreak of coronavirus disease 2019 (COVID-19), and the resulting pandemic has caused
widespread health problems and social and economic disruption. Thus far in 2021, more than 4 million
people worldwide have died from COVID-19, so safe and efficacious vaccines are urgently needed
to restore normal economic and social activities. According to the official guidance documents of
the World Health Organization (WHO), vaccines based on four major strategies including mRNA,
adenoviral vectors, inactivated viruses, and recombinant proteins have entered the stage of emergency
use authorization and pre-certification evaluation. The current review summarizes these vaccines and it
looks ahead to the development of additional COVID-19 vaccines in the future.

Keywords

On March 11, 2020, the World Health Organization
(WHO) declared novel coronavirus disease 2019
(COVID-19) a global pandemic (/). Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus that causes COVID-19, has now infected
more than 200 million people and caused more than 4
million deaths. A promising avenue for human beings
to overcome epidemics, the research and development
of vaccines has been compressed from the usual 10-15
years to 1-2 years as a result of joint efforts worldwide;
these efforts are encouraging and fruitful (2). Earlier
documents from the WHO described seven platforms
or strategies for COVID-19 vaccine development
(3). As of June 2021, there are four major categories
of vaccines including mRNA vaccines, adenovirus-
vectored vaccines, inactivated virus vaccines, and
recombinant protein vaccines. Vaccines have been
produced by 23 businesses and research institutions in 8
countries, leading to the 19 vaccines in the 'emergency
use listing/pre-qualification evaluation process' as
shown in Table 1 (4).

mRNA vaccines An mRNA vaccine encapsulates
the mRNA that encodes the SARS-CoV-2 spike
protein (S protein) into lipid nanoparticles, and these
nanoparticles are then injected into the human body.
After the nanoparticles enter cells, antigen information
will be presented on the surface of the cell membrane
and an immune response will be induced. Examples of
mRNA vaccines are BNT162b2 (produced by Pfizer &

COVID-19, vaccine research, mRNA, adenoviral vectors, inactivated viruses, recombinant proteins

BioNTech) and mRNA-1273 (produced by Modena).
An mRNA vaccine has many advantages such as being
noninfectious, being easy to production, and being easy
to standardize (5,6). BNT162b2 was granted emergency
use authorization by the WHO on December 31, 2020. It
is the first mRNA vaccine that was approved for human
use. In Israel, more than 6.5 million people over the
age of 16 have been vaccinated once BNT162b2 was
authorized for emergency use. Its efficacy is as high
as 95.3% within 7 days of 2 rounds of vaccination (7).
A study of nearly 4,000 frontline healthcare workers
at eight locations in the United States from December
2020 to March 2021 indicated that the rate of infection
dropped sharply after 2 rounds of vaccination within
14 days, and vaccine efficacy was 90% according to
the Centers for Disease Control and Prevention (CDC)
(8). Another study indicated that neutralizing antibodies
and memory B cells remain stable over a period of
6-12 months after BNT162b2 is injected twice. These
findings indicate that mRNA vaccines can confer long-
lasting protection (9) and still remain efficacious against
mutants (/0).

Adenovirus-vectored vaccines When the S protein
gene of SARS-CoV-2 is injected into a nonpathogenic
adenovirus, it will express the antigen once it enters the
human body, thereby inducing both humoral immunity
and cellular immunity. An adenovirus-vectored vaccine
should be transported and stored at low temperatures
(2-8°C) (11). Examples of adenovirus-vectored vaccines
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Table 1. Emergency use/pre-certification list of COVID-19 vaccines according to the WHO as of June 2021

Platform Name of Vaccine Manufacturer Country

mRNA vaccine BNT162b2/COMIRNATY Tozinameran (INN) Pfizer & BioNTech USA, Germany
mRNA-1273 Moderna USA
CVnCoV/CV07050101 CureVac Germany

Adenovirus-vectored AZD1222 AstraZeneca & University of Oxford ~ UK

vaccine Covishield (ChAdOx1 nCoV-19) Serum Institute of India Pvt. Ltd. India
Ad26.COV2.S Janssen (Johnson & Johnson) USA
Sputnik V The Gamaleya National Center Russia
Ad5-nCoV CanSinoBIO China

Inactivated vaccine SARS-CoV-2 Vaccine (Vero Cell), Inactivated (InCoV) Sinopharm/BIBP China (Beijing)
CoronaVac Sinovac China
Inactivated SARS-CoV-2 Vaccine (Vero Cell) Sinopharm/WIBP China (Wuhan)
COVAXIN Bharat Biotech India
SARS-CoV-2 Vaccine, Inactivated (Vero Cell) IMBCAMS China

Recombinant protein NVX-CoV2373/Covovax NOVAVAX USA

vaccine CoV2 preS dTM-ASO03 vaccine Sanofi Pasteur France
EpiVacCorona SRC VB VECTOR Russia
Recombinant Novel Coronavirus Vaccine (CHO Cell) Zhifei Longcom China
SCB-2019 Clover Biopharmaceuticals China
Soberana 01, Soberana 02, Soberana Plus, Abdala BioCubaFarma Cuba

are AZD1222 (developed by the Jenner Institute of
Oxford & AstraZeneca), Ad26.COV2.S (produced by
Johnson & Johnson), and Ad5-nCoV (produced by
CanSinoBIO). Numerous studies involving hundreds
of thousands of people in Great Britain have indicated
that AZD1222 and BNT162b2 are both effective
at preventing infection and severe symptoms of
COVID-19 (/2-14). A phase 3 trial randomized double-
blind study involving tens of thousands of people has
indicated that Ad26.COV2.S was equally effective
at preventing infection and at treating severe-critical
disease (including hospitalization and death) (/5).
Data from a phase 3 trial on Sputnik V (developed by
the Gamaleya National Center of Epidemiology and
Microbiology) will be released later (16,17).
Inactivated vaccines An advantage of an inactivated
vaccine is that it retains immunogenicity while lacking
the infectivity of a virus. Vaccination with an inactivated
virus can stimulate the body to generate a humoral
immune response to defend against SARS-CoV-2
(18). The main manufacturers of inactivated vaccines
against COVID-19 are Sinopharm/BIBP, Sinovac, and
Sinopharm/WIBP. Clinical data indicate that the vaccine
produced by Sinopharm/BIBP has an efficacy of 79%
(19). In one study, 13,459 individuals received an initial
injection with a vaccine by Sinopharm/WIBP, and 13,066
individuals received the second injection (20). High titers
of antibodies developed within 14 days of the second
injection, resulting in effective protection, positivity for
neutralizing antibodies higher than 99%, and a protective
efficacy of 72.8%. The vaccine produced by Sinovac
was the second Chinese vaccine approved by the WHO.
Although it had an initial efficacy of only 51%, its
efficacy at preventing severe illness and mortality was
100% (19). Inactivated vaccines from Bharat Biotech
and the Institute of Medical Biology, Chinese Academy

of Medical Sciences (IMBCAMS) have also entered
phase III clinical trials or are in development.

Recombinant protein vaccines A target gene (like that
encoding a SARS-CoV-2 antigen) is expressed in vitro,
transfected into bacteria, yeast, mammal, or insect cells
using specific protein vectors, and then the expression
of large amounts of antigenic protein is induced under
certain conditions. Once the protein is collected and
purified, a recombinant protein vaccine can be prepared.
There are currently two strategies to prepare recombinant
protein vaccines against COVID-19: expression of the S
protein and expression of virus-like particles (VLPs). The
former ultimately uses purified S protein. An example
is NVX-CoV2373/Covovax (produced by NOVAVAX),
which was used to vaccinate more than 2,000 volunteers
in a phase III clinical trial. Results indicated that the
vaccine was 100% efficacious at preventing moderate to
severe disease and that it had an overall efficacy of up to
90.4% (21). The latter is still being developed and is in
the early clinical stage. An example is AS03 (Medicago
Inc.), which contains VLPs self-assembled from
capsid proteins of SARS-CoV-2 within a heterologous
system. VLPs are similar to SARS-CoV-2 since they
have its outer shell, but VLPs are hollow since they
do not contain the virus' genetic material, so they have
no infectivity or replicative capacity. However, VLPs
can effectively trigger cellular immunity and humoral
immunity (22,23).

In addition to the four main types of vaccines
described thus far, several novel manufacturing
approaches are being developed. As an example, the
diversity and spread of coronaviruses spurred a research
team at the Duke University School of Medicine to
recently develop several 'mixed' mRNA vaccines with
multiple immunogenicity (24). Results from animal trials
indicated that these vaccines can target 2-3 different
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coronaviruses at the same time

There are nearly 300 COVID-19 vaccine projects in
the research and development stage worldwide, and more
than 100 have entered the clinical trial stage (25). More
vaccines will appear, and global vaccine production is
continually expanding. The resulting vaccines will be
able to cover more countries and regions and provide
safety and effective protection from this global pandemic.
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SUMMARY Combined antiretroviral therapy (cART) has significantly reduced human immunodeficiency virus
(HIV) associated morbidity and mortality and turned HIV infection into a manageable chronic
condition. However, lifelong cART is still required. Two-drug regimens could reduce the number of
HIV agents and lower the adverse events caused by lifelong medication. A new two-drug regimen,
Dovato, consisting of dolutegravir and lamivudine has durable efficacy, is well-tolerated, and has a
high barrier to viral resistance, which is why it is recommended as a new first-line treatment option

for people living with HIV infection.

Keywords

Combined antiretroviral therapy (cART) has significantly
reduced human immunodeficiency virus (HIV) associated
morbidity and mortality and today HIV infection has
largely become a manageable chronic disease. Without
timely cART, however, HIV infection can still progress
to acquired immune deficiency syndrome (AIDS) and
result in death. People with HIV infection can be treated
with cART, which can suppress the level of HIV in the
body, control the spread of the virus, and encourage the
immune system response to other pathogens.

Based on the achievements of anti-HIV treatments,
AIDS-related deaths have been reduced by 64% since
a peak in 2004 and by 47% since 2010 (1). At the same
time, there were 27.5 million people receiving cART
in 2020 (/). Along with the aforementioned success
of HIV treatments, cART is lifelong and a high level
of adherence is required. A particular regimen for a
patient with HIV requires consideration of virologic
efficacy, toxicity, pill burden, dose frequency, drug-
drug interaction potential, HIV resistance test results,
comorbidity status, accessibility of medication, and cost.
Consequently, the strategy of antiretroviral therapy still
needs to be optimized.

As is well known, a classic cART regimen for HIV
patients generally consists of two nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs) in combination
with a third core antiretroviral drug from one of three
drug classes: a non-nucleoside reverse transcriptase
inhibitor (NNRTI), a protease inhibitor (PI), or an
integrase strand transfer inhibitor (INSTI). In the early
days of cART, the available antiretroviral drugs were

HIV infection, two-drug regimen, dolutegravir/lamivudine

associated with substantial short-term and long-term
adverse events and were not well tolerated (2). Patients
were further encumbered by a heavy pill burden. This led
to the exploration of an NRTI-sparing treatment strategy:
a one- or two-drug regimen that does not include
antiretroviral drugs from the NRTI drug class (3,4).
Two-drug regimens (2DRs) have been investigated
as an approach to reduce the number of antiretroviral
agents taken by individuals receiving lifelong cART (5,6).
Previous findings from studies of 2DRs have indicated
the efficacy of regimens consisting of lamivudine (3TC)
and a core agent with a high barrier to HIV resistance.
Dolutegravir (DTG) has demonstrated a high barrier to
resistance both in clinical trials and in the real world.
DTG and 3TC provide a dual target blockade of the HIV
life cycle and have complementary pharmacokinetic
(PK) profiles, with matched 24-hour PK and PK tails
(intracellular 3TC metabolism). The PADDLE study
(7) indicated that 3TC in combination with DTG had
a high potency and efficacy. Two clinical studies,
GEMINI-1 and GEMINI-2 (ClinicalTrials.gov identifiers
NCT02831673 and NCT02831764, respectively), were
identically designed randomized, double-blind, parallel-
group, multi-center, phase III, non-inferiority studies.
Participants with HIV RNA < 500,000 ¢/mL at screening
were randomized in a 1:1 ratio (stratified by plasma HIV
RNA and CD4+ cell count) to once-daily treatment with
DTG + 3TC or DTG + tenofovir/emtricitabine (TDF/
FTC). The primary endpoint was the proportion of
participants with plasma HIV RNA < 50 ¢/mL at week
48 (8). In the primary analysis of the GEMINI-1 and
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GEMINI-2 studies at week 48, the 2DR regimen DTG
+ 3TC was non-inferior to the 3-drug regimen DTG +
TDF/FTC in the treatment of cART-naive adults with
HIV (8). The DTG + 3TC regimen maintained non-
inferior efficacy over 96 weeks vs. DTG + TDF/FTC in
cART-naive adults, with low rates of confirmed virologic
withdrawal (CVW) and no development of resistance in
either treatment group (9). DTG + 3TC maintained non-
inferior efficacy vs. DTG + TDF/FTC in ART-naive
adults and demonstrated a high barrier to resistance, with
low rates of CVW through week 144 (/0). Moreover,
overall safety and tolerability were comparable between
the two groups. There was a lower risk of drug-related
adverse effects with DTG + 3TC than with DTG + TDF/
FTC. Changes in renal and bone biomarkers generally
favored DTG + 3TC. These results confirmed the durable
efficacy, tolerability, and high barrier to resistance of
DTG + 3TC, further substantiating the regimen of DTG
+ 3TC as a first-line treatment option for people living
with HIV infection (PLWH).

In the guidelines for HIV prevention and treatment
in both the US and Europe, DTG + 3TC is now
recommended as an initial regimen for most PLWH,
with exceptions for individuals with HIV RNA >
500,000 c¢/mL, co-infection with hepatitis B virus (HBV),
or in whom therapy is started before the results of HIV
genotypic resistance testing for reverse transcriptase or
HBYV testing are available (/17,12).

In addition, the regimen of DTG/3TC is cost-
effective and would offer significant cost savings
(13,14). In addition to the confirmed durable efficacy
and tolerability, the lower cost of DTG/3TC would make
it a reasonable, and possibly preferred, treatment option
for patients who are either treatment-naive or who need
a different regimen. Conceivably, the number of HIV
patients who could benefit from the DTG/3TC regimen
could be substantial.
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