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1. Introduction

Hepatocellular carcinoma (HCC) is the second chief 
culprit of cancer deaths worldwide. HCC caused a 
global incidence of 782,000 new sufferers and almost 
746,000 deaths in 2012 (1). At present, hepatic resection 
is considered as the first treatment option for early stage 
HCC. Although improved diagnostic methods, surgical 
techniques, and perioperative period management have 
lead to better results (2-5), the striking rate of recurrence 
after hepatectomy is still a barrier that deteriorated 

patient prognosis, with a cumulative rate of 50-60% at 
3 years and 60-80% at 5 years (6,7). As a result, there is 
an urgent need for surgeons to find out how to predict 
prognosis and take interventional measures as early as 
possible. 
	 Up to now, certain risk factors of the prognosis 
of HCC have been studied, and some factors such as 
microvascular invasion (MVI), poor differentiation, and 
tumor size have been validated as important risk factors 
impairing prognosis after hepatectomy (8). Lately, a 
great number of studies on various subgroups of cases, 
such as patients with hepatitis B virus (HBV)-related 
HCC, hepatitis C virus (HCV)-related HCC, noncirrhotic 
HCC, non-alcoholic fatty liver disease-related HCC, 
or multinodular tumors, have investigated risk factors 
which predict prognosis of sufferers with HCC (9,10). 
And for these years, a series of biochemistry factors, 
such as α-fetoprotein (AFP), des-γ-carboxyprothrombin 
(DCP), indocyanine green retention 15 min (ICG-R15), 
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and γ-glutamyl transpeptidase (GGT), had been studied 
and utilized as risk predictor for tumor progression and 
prognosis. Among them, GGT attracted more attention 
for its advantage of predicting the postoperatively 
prognosis. 
	 GGT is an enzyme that transfers γ-glutamyl 
functional groups (11). It exists in the cell membranes of 
many tissues and involved in glutathione metabolism by 
transferring the glutamyl moiety to a variety of acceptor 
molecules including water, certain L-amino acids, 
and peptides, leaving the cysteine product to preserve 
intracellular homeostasis of oxidative stress. There are 
increasing amount of researches suggesting that GGT 
may play an important role of predicting prognosis for 
patients with HCC.

2. GGT as a predictive biomarker in clinical 
investigations

In Table 1, laboratory data, imaging data, and 
pathological data have identified some indicators as 
risk factors of prognosis for sufferers with HCC (12-15). 
Microvascular invasion (MVI), tumor size, and tumor 
number indicated in imaging data are considered as risk 
factors for prognosis. And imaging studies have been 
given weight before deciding a treatment and predicting 
the prognosis for patients with HCC. However, as 
some research have revealed, a tumor may recur in 
approximately 60.0% of sufferers with a single tumor 
smaller than 2.0 cm (16). As a result, more methods 
to predict prognosis risk factors are urgently needed 
besides imaging data. Pathological data cannot validate 
pathologic changes prior to operation. In contrast, 
laboratory testing of AFP, DCP, ICG-R15, and GGT can 
be performed before surgery. Therefore, these indicators 
should be considered as a way to select a treatment and 
predict survival and recurrence for patients with HCC. 

	 Patients with positive laboratory data for AFP, DCP, 
ICG-R15, and GGT have a higher risk of poor prognosis 
(17-19). These sufferers should be administrated 
with more effective treatments including anatomical 
hepatectomy, liver transplantation, preoperative and 
postoperative transcatheter arterial chemoembolization 
(TACE), and timely follow-up. Laboratory data for 
DCP and AFP are correlated to malignant conditions 
such as MVI and metastasis. ICG-R15 is suggested to 
be correlated to liver function (17,20). Lately, GGT 
has been validated as an independent prognostic risk 
indicator for patients with HCC (18,21).
	 GGT is a critical enzyme which catalyzes the 
hydrolysis of glutathione and the transfer of γ-glutamyl 
residues, and GGT has been widely utilized as a 
biomarker for some tumors, such as lung cancer and 
ovarian cancer. GGT was researched and employed as 
a liver function indicator in the 1960s to 1970s (22). An 
increasing level of GGT can be detected in patients with 
hepatitis, steatosis, cirrhosis, or HCC at various stage 
(23,24). Up to now, a great number of clinical studies 
have reported a high level of abnormal GGT in sufferers 
with primary or secondary HCC. According to a study 
by Tsutsumi et al., detection of mRNA expression of 
GGT could be a useful method for diagnosis of HCC 
at the early stage because GGT mRNA may change 
from type-I to type-II during the progress of HCC (25). 
But GGT is found to be abnormal in most cases with 
different liver diseases, and a large number of various 
diseases and conditions (such as pancreatitis, obesity, 
and alcohol abuse) can also lead to high expression 
levels of GGT (25-27). Therefore, GGT was not 
regarded as a useful tumor indicator for detecting HCC 
for a long time. GGT was utilized as a diagnostic tumor 
biomarker for liver disease with a high sensitivity of 
83-100%, but it only has a low specificity of 32% 
(10). Therefore, long since GGT was not utilized as an 
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Table 1. Factors related to prognosis for patients with HCC

Examinations

Laboratory data

Imaging data

Pathological data

Indicators

AFP
DCP
GGT
ICG-R15
GP73
ALT
HBsAg
Platelet count
COMP
AGE
Tumor size
Tumor number
Vascular invasion
Tumor differentiation
Microvascular invasion
Intrahepatic metastasis

Applications

Tumor marker in liver cancer
Tumor marker in HCC
Diagnostic marker for liver disease
Biomarker for liver reserve function
Diagnostic marker for liver disease
Biomarker for inflammation and liver injury
Biomarker for HBV infection
Diagnostic marker for liver disease
Biomarker for liver fibrosis and early HCC
Biomarker for cancer growth, and metastasis

AFP: α‑fetoprotein; DCP: Des-γ-carboxyprothrombin; GGT: γ-glutamyl transferase; ICG-R15: Indocyanine green retention 15 min; GP73: Golgi 
protein 73; ALT: Alanine aminotransferase; HBsAg: Surface antigen of the hepatitis B virus; COMP: Cartilage oligomeric matrix protein; AGE: 
Advanced glycation end products.
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(29,36-40). The combination of GGT and other 
indicators, such as tumor size, tumor number, MVI, or 
laboratory data for AFP and DCP, should be paid more 
attention when deciding a treatment and predicting the 
curative results for patients with HCC (41). 
	 As shown in Table 3, recently, besides AFP and 
DCP there were more laboratory indicators which 
were thought highly of prognostic prediction and were 
combined with GGT to predict the recurrence. Norman 
et al. reported that combination of cartilage oligomeric 
matrix protein (COMP) > 15 U/L and GGT > 50 U/L 
was associated with cirrhosis and poor prognosis for 
patients with HCC (42). In 2014, Cho et al. published 
their research results that combination of mean platelet 
volume (MPV) and GGT was considered as malignant 
indicator (43). And in the same year, research result 
from Kan et al. suggested that advanced glycation end 
products combined with GGT would be indicators for 
non-B or non-C HCC (44). In 2013, Hou et al. reported 
that the combination of α‑fetoprotein (AFP), Golgi 
protein 73 (GP73), and GGT might serve as a potential 
predictive method for HCC (45). In a clinical study 
of our team, GGT and ICG-R15 were focused on as 

effective risk factor for the detection of liver disease. 
Nevertheless, GGT has important clinical significance 
as a predictive biomarker of prognosis. This finding was 
reported by researches based on different subgroups of 
cases published over the past five years. In the light of 
a study by Sheen et al., patients with HCC with type-
II GGT mRNA had poorer prognosis, such as worse 
results, earlier recurrence, and higher death rates (28). A 
few studies of cases with HCC receiving hepatectomy 
have suggested a relationship between increasing 
levels of GGT and decreasing level of survival rate for 
patients with HBV-related HCC, Child-Pugh A liver 
function, or multi-nodular tumors (29). Moreover, a 
few studies have showed the predictive value of GGT 
in cases with unresectable HCC who received TACE 
or chemotherapy (30-35). In a clinical study of our 
research team, patients operating characteristic curves 
of 384 cases with single primary HCC who received 
hepatectomy were charted to validate the topgallant 
cutoff value of GGT was 50 U/L for recurrence-
free survival (RFS) and 100 U/L for survival. After 
above analysis, GGT > 50 U/L was considered as a 
preoperative independent predictor impairing 1-, 3-, 
and 5-years RFS; GGT >100 U/L was considered as 
a independent predictor impairing 1-, 3-, and 5-years 
survival before operation. These results further validate 
the function of GGT as a preoperatively independent 
predictor correlated with tumor recurrence and overall 
survival in cases with HCC. 
	 In Table 2, sufferers with high levels of GGT 
were apt to commit early recurrence and lower 
overall survival rate, including sufferers with multi-
nodular HCC, HBV-related HCC, and those who 
received TACE, radiofrequency ablation, or entecavir. 
Hepatectomy, ultrasonography, CT and MR imaging 
and a timely follow-up are advised for these patients 

Table 2. Investigation of GGT as a prognostic factor based on different subgroups of patients with HCC

Authors

Song et al. (36), 
2015

Wang et al. (37), 
2014

Zhao et al. (34), 
2013

Chen et al. (38), 
2014

Hung et al. (39), 
2013

Nishigawa et al. (40), 
2013

Nishigawa et al. (41), 
2014

Patients

384 cases

288 cases

266 cases with multi-
nodular HCC

154 cases

150 cases

74 cases with HBV-
related HCC

368 cases with solitary 
HCC

Results

GGT > 50 U/L is significantly associated with poor RFS

GGT > 55 U/L is significantly associated with poor RFS

GGT > 130 U/L was a preoperative predictor for 
microvascular invasion

GGT > 85 U/L is significantly associated with poor RFS

GGT > 100 U/L is significantly associated with poor RFS

GGT > 50 U/L is found to be significant prognostic 
factors linked to RFS

GGT > 80 U/L is significantly associated with poor RFS

Treatment

Hepatectomy

Hepatectomy

Hepatectomy

TACE

TACE and chemotherapy

Entecavir

Radiofrequency ablation

Table 3. GGT combined with other risk factors

Authors

Song et al. (36), 2015
Norman et al. (42), 2015
Cho et al. (43), 2014
Kan et al. (44), 2014
Hou et al. (45), 2013

Patients

384 cases
187 cases
337 cases
  90 cases
  79 cases

GGT: γ-glutamyl transferase; ICG-R15: Indocyanine green retention 
15 min; COMP: Cartilage oligomeric matrix protein; MPV: Mean 
platelet volume; AGE: Advanced glycation end products; AFP: 
α‑fetoprotein; GP73: Golgi protein 73.

Factors

GGT + ICG-R15
GGT + COMP
GGT + MPV
GGT + AGE
GGT + AFP + GP73
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predictors of prognosis in patients with single primary 
HCC who received hepatectomy (36). GGT > 100 U/L 
was considered as a preoperative independent predictor 
correlated with survival, and GGT > 50 U/L + ICG-R15 
> 10% were considered as preoperative independent 
predictor correlated with tumor recurrence. Sufferers 
with GGT > 50 U/L + ICG-R15 > 10% commonly had a 
worse 1-, 3-, and 5-years RFS, and this was also true in 
cases with a tumor < 5 cm in size. These results indicate 
that combination of high levels of GGT and ICG-R15 
should be paid more attention as a preoperative 
indicator correlated with prognosis for patients with 
single primary HCC receiving hepatectomy. 

3. GGT as a functional macromolecule in mechanistic 
studies

The reason why GGT is significantly correlated to high 
level of recurrence and low level of survival has not yet 
to be illustrated. As shown in Figure 1, there are five 
possible mechanisms: i) GGT may be correlated to poor 
prognosis via leading to DNA damage and subsequent 
oncogenesis; ii) GGT may be correlated to the degree 
of malignant outcomings, such as MVI, metastasis, 
and epithelial-mesenchymal transition (EMT) through 
promoting certain signaling pathways; iii) GGT may 
be correlated to worse chemotherapeutic results by 
blocking the permeation of chemotherapy medicine into 
tumor cell; iv) GGT may be correlated to recurrence 
by regulating certain nucleic acid molecule to promote 

tumor growth and survival; v) GGT may be correlated 
to drug resistance and recurrence of HCC through 
leading to CpG island methylation in certain regains in 
genome.
	 An increasing number of researches have clarified 
mechanisms of GGT over the recent years. In a study, 
it was suggested that GGT lead to DNA damage, 
genomic instability, and oncogenesis-related mutations 
by promoting the uptake of iron (46), and the role of 
iron playing in carcinogenesis was already reported by 
Weinberg et al. (47). This mechanism is suggested to 
cause the death of normal liver cells or the destroying 
of normal liver function. The pro-oxidant function of 
GGT has been revealed and the subsequent product 
reactive oxygen species (ROS) may activate some intra- 
and extracellular molecular signaling pathways (48). 
Lately, ROS were suggested to induce EMT through 
the Snail/E-cadherin signaling pathway (49) and to 
promote inflammation and invasion by the NF-κB 
signaling pathway (50,51). Another research of U937 
lymphoma cells discovered that GGT may play a role 
in anti-apoptosis (52). A research team has revealed that 
cysteinyl-glycine, which is catalyzed by GGT, is able to 
combine with cisplatin to form complexes which are not 
easily transported through the cell membrane (53,54). 
	 In a study, it was revealed that increasing level 
of GGT was significantly related with changes of 
expression level of miR-22 and miR-1275 (55). In other 
researches, the abnormal expression levels of these two 
microRNAs were testified to promote anti-apoptosis 
and tumor growth (56-58). A recent study suggested that 
the up-regulated level of GGT was associated with the 
CpG island methylation in certain regains in genome, 
and CpG island methylation had already been reported 
to be correlated to tumor progression in various cancers 
(59). These mechanisms are considered to explain the 
progression and poor prognosis of HCC. Although the 
significance of molecular mechanisms of GGT to worse 
liver function, progression, and prognosis of HCC 
is indicated, these molecular mechanisms should be 
illustrated in further studies. From these studies it is not 
difficult for us to find that GGT may play a significant 
role in tumor progression and poor prognosis through 
various signaling pathways and mechanisms, thus 
GGT may become a novel target for tumor treatment in 
addition of as a predictor.

4. Conclusions

In conclusion, preoperative laboratory data (DCP, AFP, 
ICG-R15, and GGT) should be completely assessed 
before deciding a treatment and predicting prognosis 
in order to improve the prognosis for patients with 
HCC. A few recent studies have suggested GGT as an 
independent prognostic indicator in cases with HCC. 
In study of our research team, it was suggested that 
the preoperative role of GGT > 50 U/L and ICG-R15 

Figure 1. The molecular mechanisms of GGT in HCC.
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> 10% as independent prognostic indicator for tumor 
recurrence in cases with single primary HCC who 
received hepatectomy. Patients with up-regulated levels 
of GGT and ICG-R15 had a worse 1-, 3-, and 5-years 
RFS. Therefore, combination of high levels of GGT 
and ICG-R15 could be useful for assessing prognosis 
postoperatively. In addition, some novel combination 
methods also may improve the prediction of prognosis 
of patients with HCC. Although a few molecular 
mechanisms of GGT were reported and these findings 
shed light on future functional study of GGT, the further 
and accurate mechanistic analysis was still in need.

References

1.	 World Health Organization. GLOBOCAN 2012: 
Estimated Cancer Incidence, Mortality and Prevalence 
Worldwide in 2012. http://globocan.iarc.fr/Pages/fact_
sheets_cancer.aspx (accessed August 8, 2015).

2.	 Rahbari NN, Mehrabi A, Mollberg NM, Müller SA, Koch 
M, Büchler MW, Weitz J. Hepatocellular carcinoma: 
current management and perspectives for the future. Ann 
Surg. 2011; 253:453-469.

3.	 Song P, Tang W, Hasegawa K, Kokudo N. Systematic 
evidence-based cl inical practice guidelines are 
ushering in a new stage of standardized management of 
hepatocellular carcinoma in Japan. Drug Discov Ther. 
2014; 8:64-70.

4.	 Ardiles V, Sanchez Claria R, Mazza OM, Ciardullo 
MA, Pekolj J, De Santibañes E. [Prognostic factors after 
resection of hepatocellular carcinoma in the non-cirrhotic 
liver: presentation of 51 cases]. Cir Esp. 2010; 87:148-
154.

5.	 Wang Z, Song P, Xia J, Inagaki Y, Tang W, Kokudo N. 
Can γ-glutamyl transferase levels contribute to a better 
prognosis for patients with hepatocellular carcinoma? 
Drug Discov Ther. 2014; 8:134-138.

6.	 Muscari F, Foppa B, Carrere N, Kamar N, Peron JM, 
Suc B. Resection of a transplantable single-nodule 
hepatocellular carcinoma in Child-Pugh class A cirrhosis: 
factors affecting survival and recurrence. World J Surg. 
2011; 35:1055-1062.

7.	 Naito S, Imamura H, Tukada A, Matsuyama Y, Yoshimoto 
J, Sugo H, Ishizaki Y, Kawasaki S. Postoperative 
recurrence pattern and prognosis of patients with 
hepatocellular carcinoma, with particular reference to the 
hepatitis viral infection status. Liver Int. 2014; 34:802-
813.

8.	 Huang J, Zeng Y. Current clinical uses of the biomarkers 
for hepatocellular carcinoma. Drug Discov Ther. 2014; 
8:98-99.

9.	 Carr BI, Pancoska P, Branch RA. Low α-fetoprotein 
hepatocellular carcinoma. J Gastroenterol Hepatol. 2010; 
25:1543-1549.

10.	 Faber W, Sharafi S, Stockmann M, Denecke T, Sinn B, 
Puhl G, Bahra M, Malinowski MB, Neuhaus P, Seehofer 
D. Long-term results of liver resection for hepatocellular 
carcinoma in noncirrhotic liver. Surgery. 2013;153:510-
517.

11.	 Shindoh J, Hasegawa K, Inoue Y, Ishizawa T, Nagata R, 
Aoki T, Sakamoto Y, Sugawara Y, Makuuchi M, Kokudo 
N. Risk factors of post-operative recurrence and adequate 

surgical approach to improve long-term outcomes of 
hepatocellular carcinoma. HPB (Oxford). 2013;15:31-39.

12.	 Park SK, Jung YK, Chung DH, Kim KK, Park YH, 
Lee JN, Kwon OS, Kim YS, Choi DJ, Kim JH. Factors 
influencing hepatocellular carcinoma prognosis after 
hepatectomy: A single-center experience. Korean J Intern 
Med. 2013; 28:428-438.

13.	 Zhang JB, Chen Y, Zhang B, Xie X, Zhang L, Ge 
N, Ren Z, Ye SL. Prognostic significance of serum 
gammaglutamyl transferase in patients with intermediate 
hepatocellular carcinoma treated with transcatheter 
arterial chemoembolization. Eur J Gastroenterol Hepatol. 
2011; 23:787-793.

14.	 Shirabe K, Kajiyama K, Harimoto N, Masumoto 
H, Fukuya T, Ooya M, Maehara Y. Prognosis of 
hepatocellular carcinoma accompanied by microscopic 
portal vein invasion. World J Gastroenterol. 2009; 
15:2632-2637.

15.	 Yamashita Y, Tsuijita E, Takeishi K, Fujiwara M, Kira 
S, Mori M, Aishima S, Taketomi A, Shirabe K, Ishida 
T, Maehara Y. Predictors for microinvasion of small 
hepatocellular carcinoma ≤ 2 cm. Ann Surg Oncol. 2012; 
19:2027-2034.

16.	 Kaibori M, Matsui Y, Yanagida H, Yokoigawa N, Kwon 
AH, Kamiyama Y. Positive status of α-fetoprotein and 
des-γ-carboxy prothrombin: important prognostic factor 
for recurrent hepatocellular carcinoma. World J Surg 
2004; 28:702-707.

17.	 Sawada T, Kubota K, Kita J, Kato M, Shiraki T, Park 
K, Shimoda M. Clinical outcome of hepatectomy for 
hepatocellular carcinomas ≤ 2 cm. World J Surg. 2011; 
35:377-85.

18.	 Fukuda S, Itamoto T, Amano H, Kohashi T, Ohdan H, 
Tashiro H, Asahara T. Clinicopathologic features of 
hepatocellular carcinoma patients with compensated 
cirrhosis surviving more than 10 years after curative 
hepatectomy. World J Surg. 2007; 31:345-352.

19.	 Nobuoka D, Kato Y, Gotohda N, Takahashi S, Nakagohri 
T, Konishi M, Kinoshita T, Nakatsura T. Postoperative 
serum α-fetoprotein level is a useful predictor of 
recurrence after hepatectomy for hepatocellular 
carcinoma. Oncol Rep. 2010; 24:521-528.

20.	 Kim SH, Choi SB, Lee JG, Kim SU, Park MS, Kim DY, 
Choi JS, Kim KS. Prognostic factors and 10-year survival 
in patients with hepatocellular carcinoma after curative 
hepatectomy. J Gastrointest Surg. 2011;15:598-607.

21.	 Whitfield JB. Serum γ-glutamyltransferase and risk of 
disease. Clin Chem. 2007; 53:1-2.

22.	 Sheehan M, Haythorn P. Predictive values of various 
liver function tests with respect to the diagnosis of liver 
disease. Clin Biochem. 1979; 12:262-263.

23.	 Braun JP, Bardies J, Thouvenot JP, Benard P, Rico 
AG. Serum γ-glutamyltransferase in equids: Reference 
physiologic values. Am J Vet Res. 1982; 43:339-340.

24.	 Tsutsumi M, Sakamuro D, Takada A, Zang SC, Furukawa 
T, Taniguchi N. Detection of a unique γ-glutamyl 
transpeptidase messenger RNA species closely related to 
the development of hepatocellular carcinoma in humans: 
a new candidate for early diagnosis of hepatocellular 
carcinoma. Hepatology. 1996; 23:1093-1097.

25.	 Goldberg DM, Mar t in JV. Role o f γ -g lu tamyl 
transpeptidase activity in the diagnosis of hepatobiliary 
disease. Digestion. 1975; 12:232-246.

26.	 Ruppin DC, Frydman MI, Lunzer MR. Value of serum 
gamma-glutamyltransferase activity in the diagnosis of 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2016; 10(4):181-187.186

hepatobiliary disease. Med J Aust. 1982; 1:421-424.
27.	 Shindoh J, Hasegawa K, Matsuyama Y, Inoue Y, Ishizawa 

T, Aoki T, Sakamoto Y, Sugawara Y, Makuuchi M, 
Kokudo N. Low hepatitis C viral load predicts better 
long-term outcomes in patients undergoing resection 
of hepatocellular carcinoma irrespective of serologic 
eradication of hepatitis C virus. J Clin Oncol. 2013; 
31:766-773.

28.	 Liver Cancer Study Group of Japan. The General Rules 
for the Clinical and Pathological Study of Primary Liver 
Cancer. Tokyo: Kanehara-Syuppan. 2008.

29.	 Nagasue N, Ono T, Yamanoi A, Kohno H, El-Assal ON, 
Taniura H, Uchida M. Prognostic factors and survival 
after hepatic resection for hepatocellular carcinoma 
without cirrhosis. Br J Surg. 2001; 88:515-522.

30.	 Laurent C, Blanc JF, Nobili S, Sa Cunha A, le Bail B, 
Bioulac-Sage P, Balabaud C, Capdepont M, Saric J. 
Prognostic factors and longterm survival after hepatic 
resection for hepatocellular carcinoma originating from 
noncirrhotic liver. J Am Coll Surg. 2005; 201:656-662.

31.	 Song P, Feng X, Zhang K, Song T, Ma K, Kokudo 
N, Dong J , Tang W. Perspectives on using des-
gammacarboxyprothrombin (DCP) as a serum biomarker: 
facilitating early detection of hepatocellular carcinoma in 
China. Hepatobiliary Surg Nutr. 2013; 2:227-231.

32.	 Sheen IS, Jeng KS, Tsai YC. Is the expression of 
γ-glutamyl transpeptidase messenger RNA an indicator 
of biological behavior in recurrent hepatocellular 
carcinoma? World J Gastroenterol. 2013; 9:468-473.

33.	 Xia JF, Gao JJ, Inagaki Y, Kokudo N, Nakata M, Tang 
W. Flavonoids as potential anti-hepatocellular carcinoma 
agents: Recent approaches using HepG2 cell line. Drug 
Discov Ther. 2013; 7:1-8.

34.	 Zhao WC, Fan LF, Yang N, Zhang HB, Chen BD, Yang 
GS. Preoperative predictors of microvascular invasion in 
multinodular hepatocellular carcinoma. Eur J Surg Oncol. 
2013; 39:858-864.

35.	 Zhang JB, Chen Y, Zhang B, Xie X, Zhang L, Ge 
N, Ren Z, Ye SL. Prognostic significance of serum 
γ-glutamyl transferase in patients with intermediate 
hepatocellular carcinoma treated with transcatheter 
arterial chemoembolization. Eur J Gastroenterol Hepatol. 
2011; 23:787-793.

36.	 Song P, Inagaki Y, Wang Z, Hasegawa K, Sakamoto Y, 
Arita J, Tang W, Kokudo N. High Levels of γ-Glutamyl 
Transferase and Indocyanine Green Retention Rate at 
15 min as Preoperative Predictors of Tumor Recurrence 
in Patients With Hepatocellular Carcinoma. Medicine 
(Baltimore). 2015; 94:e810.

37.	 Wang L, Wu F, Wu J, Rong W, Yu W, An S, Liu F, Feng L. 
[Analysis of risk factors of recurrence of hepatocellular 
carcinoma after control of surgical-risk-factors]. 
Zhonghua Zhong Liu Za Zhi. 2014; 36:629-634.

38.	 Chen D, Wang R, Meng X, Yan H, Jiang S, Feng R, 
Zhu K, Xu X, Dou X, Jin L. Prognostic value of serum 
γ-glutamyl transferase in unresectable hepatocellular 
carcinoma patients treated with transcatheter arterial 
chemoembol iza t ion combined wi th conformal 
radiotherapy. Oncol Lett. 2014; 8:2298-2304. 

39.	 Hung TH, Tsai CC, Lin CC, Lee HF, Chu CJ, Lin HC. Is 
transarterial chemoembolization beneficial for patients 
with diffuse infiltrative hepatocellular carcinoma? 
Hepatol Int. 2013; 7:676-682.

40.	 Nishikawa H, Osaki Y, Iguchi E, Takeda H, Matsuda F, 
Nakajima J, Sakamoto A, Hatamaru K, Saito S, Nasu 

A, Kita R, Kimura T. Radiofrequency ablation for 
hepatocellular carcinoma: the relationship between a 
new grading system for the ablative margin and clinical 
outcomes. J Gastroenterol. 2013; 48:951-965.

41.	 Zhang K, Song P, Gao J, Li G, Zhao X, Zhang S. 
Perspectives on a combined test of multi serum 
biomarkers in China: Towards screening for and 
diagnosing hepatocellular carcinoma at an earlier stage. 
Drug Discov Ther. 2014; 8:102-109.

42.	 Norman GL, Gatselis NK, Shums Z, Liaskos C, Bogdanos 
DP, Koukoulis GK, Dalekos GN. Cartilage oligomeric 
matrix protein: A novel non-invasive marker for assessing 
cirrhosis and risk of hepatocellular carcinoma. World J 
Hepatol. 2015; 7:1875-1883.

43.	 Cho SY, Lee HJ, Park TS. Mean platelet volume in 
patients with increased γ-glutamyl transferase. Platelets. 
2015; 26:283-284.

44.	 Kan H, Yamagishi S, Ojima A, Fukami K, Ueda S, 
Takeuchi M, Hyogo H, Aikata H, Chayama K. Elevation 
of Serum Levels of Advanced Glycation End Products 
in Patients With Non-B or Non-C Hepatocellular 
Carcinoma. J Clin Lab Anal. 2015; 29:480-484.

45.	 Hou SC, Xiao MB, Ni RZ, Ni WK, Jiang F, Li XY, Lu 
CH, Chen BY. Serum GP73 is complementary to AFP 
and GGT-II for the diagnosis of hepatocellular carcinoma. 
Oncol Lett. 2013; 6: 1152-1158.

46.	 Akita H, Sasaki Y, Yamada T, Gotoh K, Ohigashi H, 
Eguchi H, Yano M, Ishikawa O, Imaoka S. Real-time 
intraoperative assessment of residual liver functional 
reserve using pulse dye densitometry. World J Surg. 2008; 
32:2668-2674.

47.	 Corti A, Duarte TL, Giommarelli C, De Tata V, Paolicchi 
A, Jones GD, Pompella A. Membrane γ-glutamyl 
transferase activity promotes iron-dependent oxidative 
DNA damage in melanoma cells. Mutat Res. 2009; 
669:112-121.

48.	 Weinberg ED. The role of iron in cancer. Eur J Cancer 
Prev. 1996; 5:19-36.

49.	 Stark AA, Russell JJ, Langenbach R, Pagano DA, 
Zeiger E, Huberman E. Localization of oxidative 
damage by a glutathione-γ-glutamyl transpeptidase 
system in preneoplastic lesions in sections of livers from 
carcinogentreated rats. Carcinogenesis. 1994; 15:343-
348.

50.	 Larue L, Bellacosa A. Epithelial-mesenchymal transition 
in development and cancer: role of phosphatidylinositol 3' 
kinase/AKT pathways. Oncogene. 2005; 24:7443-7454.

51.	 Javed S, Mejías-Luque R, Kalali B, Bolz C, Gerhard M. 
Helicobacter bilis γ-glutamyltranspeptidase enhances 
inflammatory stress response via oxidative stress in colon 
epithelial cells. PLoS One. 2013; 8:e73160.

52.	 Wu Y, Zhou BP. TNF-α/NF-κB/Snail pathway in cancer 
cell migration and invasion. Br J Cancer. 2010; 102:639-
644.

53.	 Moon DO, Kim BY, Jang JH, Kim MO, Jayasooriya RG, 
Kang CH, Choi YH, Moon SK, Kim WJ, Ahn JS, Kim 
GY. K-RAS transformation in prostate epithelial cell 
overcomes H2O2-induced apoptosis via upregulation of 
gamma-glutamyltransferase-2. Toxicol In Vitro. 2012; 
26:429-434.

54.	 Paolicchi A, Sotiropuolou M, Perego P, Daubeuf S, 
Visvikis A, Lorenzini E, Franzini M, Romiti N, Chieli E, 
Leone R, Apostoli P, Colangelo D, Zunino F, Pompella 
A. γ-Glutamyl transpeptidase catalyses the extracellular 
detoxification of cisplatin in a human cell line derived 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2016; 10(4):181-187. 187

from the proximal convoluted tubule of the kidney. Eur J 
Cancer. 2003; 39:996-1003.

55.	 Akamatsu S, Hayes CN, Tsuge M, Miki D, Akiyama R, 
Abe H, Ochi H, Hiraga N, Imamura M, Takahashi S, 
Aikata H, Kawaoka T, Kawakami Y, Ohishi W, Chayama 
K. Differences in serum microRNA profiles in hepatitis B 
and C virus infection. J Infect. 2015; 70:273-287.

56.	 Zhou L, He J, Zhang Y. MicroRNA-22 expression in 
hepatocellular carcinoma and its correlation with ezrin 
protein. J Int Med Res. 2013; 41:1009-1016.

57.	 Shi C, Xu X. MicroRNA-22 is down-regulated in 
hepatitis B virus-related hepatocellular carcinoma. 
Biomed Pharmacother. 2013; 67:375-380.

58.	 Fawzy IO, Hamza MT, Hosny KA, Esmat G, El Tayebi 
HM, Abdelaziz AI. miR-1275: A single microRNA that 
targets the three IGF2-mRNA-binding proteins hindering 
tumor growth in hepatocellular carcinoma. FEBS Lett. 
2015; 589:2257-2265.

59.	 Cheng Y, Zhang C, Zhao J, Wang C, Xu Y, Han Z, Jiang 
G, Guo X, Li R, Bu X, Wu M, Wei L. Correlation of 
CpG island methylator phenotype with poor prognosis in 
hepatocellular carcinoma. Exp Mol Pathol. 2010; 88:112-
117.

	 (Received July 16, 2016; Revised August 2, 2016; 
Accepted August 7, 2016)


