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Introduction

Gamma-glutamyl transferase (GGT) (GGT, EC 2.3.2.2) is an enzyme known as (5-L-glutamyl) -peptide: amino acid 5-glutamyl trans-
ferase in systematic nomenclature. GGT is located on the outer surface of plasma membranes of cells which has ecto-enzyme activity. The 
enzyme is a dimeric glycoprotein composed of a heavy chain and a light subunit bound by a non-covalent bond, processed from a single 
chain precursor with an autocatalytic cleavage in prokaryotes and eukaryotes (1, 2). GGT is located in the plasma membrane of almost all 
cells, but mainly involved in epithelial tissues with secretory or absorbing functions (1). Although the enzyme is shown in many organs, 
the highest GGT activity is present in the kidney, then in the duodenum, small intestine and gallbladder, respectively (3). GGT is present 
in the biliary pole of hepatocytes and cholangiocytes in adult liver and thus secreted into bile. It is known that the main source of plasma 
GGT is the liver (1).

Glutathione (GSH) (GSH, L-glutamyl-L-cysteinylglycine) is a tripeptide which has a thiol group and it is present in 1-10 mM concentra-
tion in all mammalian tissues (4). It is the most abundant antioxidant molecule in cells and is involved in various critical cellular functions 
such as detoxification of xenobiotics and/or their metabolites, cell proliferation, apoptosis, and modulation of fibrogenesis (4). GSH is also 
an important determinant of sulfur assimilation, protection of cells against oxidative stress and storage and transport of nitric oxide and 
cysteine. The gamma-glutamyl cycle catalyzed by GGT uses GSH as a continuous source of cysteine for cells (5). GSH is synthesized in the 
cytosol and then transferred out of the cell. The extracellular GSH metabolism is initiated by GGT, which is the first enzyme of the GSH 
destruction pathway, and is then finished with membrane dipeptidases (6). The γ-glutamyl moiety released by the breakdown of GSH by 
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ABSTRACT

Objective: The gamma-glutamyl cycle catalyzed by gamma-glutamyl transferase (GGT) plays an important role in glutathione (GSH) homeostasis in 
the cell. In cells continuously exposed to the drug, the main phase of the enzymatic detoxification is the conjugation of the drug with GSH catalyzed by 
glutathione-S-transferase (GST). Conjugation of drugs with GSH is the first step in the development of chemotherapeutic drug resistance. In this study, 
we aimed to investigate the relationship between GGT and GSH in molecular subgroups of breast cancer patients. 

Materials and Methods: Serum GGT activity and GSH levels for patients diagnosed with breast cancer (n=58) and healthy controls (n=8) were 
measured by a spectrophotometric method and a colorimetric kit, respectively. 

Results: GGT activity was significantly higher in the total patient group and in the molecular subgroups than those in the control groups (p<0.05). 
Serum GSH levels were higher in the patient groups compared to controls without reaching statistical significance (p>0.05). GGT activity was positively 
correlated with GSH levels in the total patients and healthy controls (p<0.001 and p<0.05, respectively). There was also a positive correlation between 
GGT activity and GSH levels in Luminal A, HER2-positive (Human epidermal growth factor receptor 2), and Triple-negative groups (p<0.05). 

Conclusion: This is the first study showing the relationship between GGT and GSH in molecular subgroups of breast cancer. An increase in GGT 
activity may affect intracellular GSH synthesis. Therefore, having a correlation between GGT and GSH in some molecular subgroups may affect the 
course of treatment in these patients.
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GGT is transferred to other amino acids and the resulting γ-glutamyl 
amino acid is reintroduced into the cell (6). This final compound is me-
tabolized to form 5-oxoproline, which is then converted to glutamate 
which can be used in the formation of GSH again and amino acid (7). 
On the other hand, cysteinylglycine, which occurs after the removal of 
the gamma-glutamyl moiety of GSH, is also degraded by dipeptidases 
to form glycine and cysteine which will be transported back into the 
cell (7). Most of the cysteine taken by the cell is used to synthesize GSH 
again, and the remaining amount is introduced into newly synthesized 
proteins or is degraded into the sulphate and taurine (8).

One of the first studies on GGT activity was published in 1956 by Ball 
et al. (9). Despite a period of over 60 years, studies on GGT have not 
been concluded. Following the disclosure of the human genome, detec-
tion of the presence of other GGT genes with possibly overlapping activity 
has made the subject more complex but has aroused interest in it. GGT 
expression is often significantly increased in human cancers. It has been 
suggested that gamma-GGT can be used as an indicator of cancer risk, as 
well as its use as a marker of diabetes, cardiovascular and chronic kidney 
diseases (10). There are several hypotheses for the role of GGT in cancer. 
One of them is the increased GSH catabolism initiated by GGT. As de-
scribed above, the extracellular degradation of GSH by GGT provides 
gamma-glutamyl amino acid and also cysteinylglycine, which is a highly 

reactive metabolite (11).  Cysteinylglycine allows the reduction of Fe3+ to 
Fe2+, resulting in the production of reactive oxygen species. It, as a pro-
oxidant, has been shown to induce low density lipoprotein (LDL) oxida-
tion (12), lipid peroxidation as well as oxidative damage to DNA bases.

Living organisms are constantly exposed to xenobiotics or drugs. The 
main phase of enzymatic detoxification is the conjugation of activated 
xenobiotics/drugs with GSH catalyzed by GST (13). It has been re-
ported that some compounds, once converted to glutathione-S-conju-
gates, enter the mercapturic acid pathway and generate highly reactive 
and toxic end products for the cell (14). The cytotoxicity of these GSH 
conjugates is mainly dependent on GST and GGT, which are enzymes 
that initiate the mercapturic acid synthesis pathway (15). High GST 
or GGT activity in cancer cells causes accumulation of GSH-drug 
conjugates and increases drug resistance (14). 

The aims of this study are to investigate GGT activity and GSH lev-
els in breast cancer and to evaluate the relationship between them in 
breast cancer according to the molecular subgroups.

Materials and Methods

Fifty-eight patients who applied to applied to the Istanbul University, 
Institute of Oncology, Clinical Oncology Department, Oncology Sur-
gical Unit and and were diagnosed with breast cancer and had op-
eration due to their illness, were included in the study. The patients 
were informed for participation in the study with approval prior to 
the operation date and informed consent forms from the patients were 
obtained. Serum samples were taken from 58 patients before the op-
eration. Eight healthy women who applied to Surgical Oncology Unit 
for macromastia and for breast reduction surgery and no any breast 
cancer history in their family, between 18 to 70 years of age, without 
any known chronic illnesses (e.g. hypertension, diabetes mellitus, cor-
onary artery disease, chronic liver disease, hepatitis, hyperlipidemia), 
any neoplastic and hormone related diseases, and history of regular 
alcohol consumption were included as the control group. Table 1 gives 
the main characteristics and clinic-pathological findings of the patients 
and the controls. Serum samples were stored at -80°C until use. The 
protocol for this research was approved by The Clinical Research Eth-
ics Committee of Istanbul Faculty of Medicine.

Histopathological analysis and staging
All cases underwent standard histopathological evaluation, including 
macroscopic and microscopic analysis. Immunohistochemical staining 
for ER (estrogen receptor), PR (progesterone receptor), HER-2 and 
Ki-67 were performed on sections of formalin-fixed paraffin-embed-
ded tissue from the primary tumours. Histopathological analyses were 
performed in the accredited laboratory of Department of Pathology of 
Istanbul Medical Faculty. 

For persistence of ER and PR receptors were included all results with 
+, ++ or +++ on immunohistochemical examination. For persistence of 
HER-2 receptors were included all patients with +++ result on immu-
nohistochemical analysis. In cases where ICT determined HER-2 neu 
positive status ++ patients underwent FISH analyses for defining the 
HER2-neu gene amplification status. Staging criteria for breast can-
cer were determined by using criteria from American Join Commit-
tee (AJC) and TNM classification according to UICC (International 
Union for Cancer Control). According to the classification system for 
breast cancer subtypes, breast cancer is divided in Luminal A, Luminal 
B with HER2 negative, Luminal B with HER2 positive, HER2 en-
riched and basal-like (triple negative) (Table 2).

Table 1. Demographic characteristics and 
laboratory tests of the patient group

	 Control (n=8)	 Patient (n=58)

Age, average (SD)	 36.3 (9.6)	 53.1 (12.0)

Menopause Status		

Premenopausal, n (%)	 6 (75)	 33 (56.9)

Postmenopausal, n (%)	 2 (25)	 25 (43.1)

Cancer Stage, n (%)		

I	 -	 5 (8.6)

II	 -	 23 (39.7)

III	 -	 30 (51.7)

Tumor Location, n (%)		

Right	 -	 31 (53.5)

Left	 -	 26 (44.8)

Right + Left	 -	 1 (1.7)

Molecular Subtype, n (%)		

Luminal A	 -	 16 (27.6)

Luminal B / HER-2 (-)	 -	 8 (13.8)

Luminal B-HER-2 (+)	 -	 9 (15.5)

HER2 (+)	 -	 9 (15.5)

Triple negative	 -	 16 (27.6)

Laboratory tests		

Estrogen Receptor, mean (SD)	 -	 43.5 (43.3)

Progesterone Receptor, mean (SD)	 -	 21.5 (32.8)

Ki-67, mean (SD)	 -	 40.8 (26.2)

SD: standard deviation 73

Yardım Akaydın et al. Gamma-Glutamyl Transferase and Glutathione in Molecular Subgroups of Breast Cancer



Measurement of serum GGT activity
To measure serum GGT activity, kinetic method based on the mea-
surement of transpeptidase activity was used. This method, developed 
by Szasz (16), was modified in our study to measure with the micro-
plate. GGT activity was measured at 0.05 mM 2-amino-2-methyl-1.3-
propanediol (Sigma-Aldrich, Germany) buffer pH 8.6 in the presence 
of MgCl2.6H2O (Sigma-Aldrich, Germany), Gly-Gly (Sigma-Aldrich, 
Germany) and L-gamma-glutamyl-p-nitroanilide (PubChem, Bethesda, 
MD,  USA)  as GGT substrate. The reaction was monitored by follow-

ing the increase in absorbance at 405 nm linked to the release of p-ni-
troanilide (17). All data are expressed as mean (standard deviation, SS).  

Total glutathione analysis
Total serum glutathione (tGSH) analysis was performed using a colo-
rimetric kit (Glutathione (GSH) Assay Kit; Oxford Biomedical Re-
search, MI, USA). In the 96-well microplate, both the standards and 
the samples were analyzed in accordance with the kit procedure. Mea-
surements were carried out in absorbance (A) at 400 nm. All data are 
expressed as mean (standard deviation, SS). 

Statistical analysis 
The homogeneity of the data was evaluated with the Kolmogorov-
Smirnov test. Since the data were not normally distributed, the results 
were compared using nonparametric tests. The Mann-Whitney U test 
was used to compare differences between patient and healthy controls. 
Spearman-correlation test was used to examine the relationship be-
tween the parameters for the non-normally distributed data. P values 
of less than 0.05 were regarded as statistically significant.  Statistical 
analyzes were performed using the Statistical Package for Social Scienc-
es for Windows software version 22 (IBM Corp.; Armonk, NY, USA).

Results

To determine whether the data from serum GGT enzyme activity and 
GSH analysis were distributed normally, a Kolmogorov-Smirnov test 
was used. According to test results, GGT enzyme activity and GSH 
data did not show a normal distribution (p<0.001).

Serum GGT enzyme activity and GSH levels in the total patient group 
and breast cancer molecular subgroup average values are given in Table 
3. GGT activity was statistically significantly higher in the total patient 
group and in the molecular subgroups than those in the control group 
(p<0.05). Serum GSH levels were higher in the patient groups compared 
to controls, but not statistically significant (p>0.05). When GGT activity 
and GSH levels were compared between molecular subgroups of breast 
cancer, no statistically significant difference was observed (p>0.05). 

When the relationship between GGT enzyme activity and GSH levels in 
total patient and control groups were examined, a statistically significant 
correlation was observed (p<0.001 and p<0.05, respectively) (Figure 1). In 
addition, Luminal A, HER2-positive, and Triple-negative patients showed 
a statistically significant correlation between GGT activity and GSH levels 
(p<0.05). No statistically significant correlation was observed in Luminal 
B and Luminal B-HER2-positive patients (p>0.05) (Table 4).

Table 2. Parameters Used in the Classification of 
Breast Cancer Patients

	 Parameter

Luminal A	 ER(+)/PR(+)/Ki-67<25% 

Luminal B/HER-2 (-)	 ER(+)/PR(+)/Ki-67≥25% 

Luminal B/HER-2 (+)	 ER(+)/PR(+)/HER-2(+)

HER2-positive	 ER(-)/PR(-)/HER-2(+)

Triple-negative	 ER(-)/PR(-)/HER-2(-)

ER: estrogen receptor; PR: progesterone receptor 

Table 4. The relationship between GGT activity and 
GSH levels in molecular sub-groups

	 n	 GGT – GSH r (p)

Luminal A	 16	 0.800 (0.003)

Luminal B/HER-2 negative	 8	 0.714 (0.071)

Luminal B-Her2-positive	 9	 0.100 (0.798)

Her2-positive 	 9	 0.800 (0.010)

Triple-negative	 16	 0.552 (0.041)

GGT: gamma-glutamyl transferase; GSH: glutathione

Table 3. Mean values and comparison of serum 
GGT enzyme activity and GSH levels of patient 
groups according to total and molecular subtypes

		  Serum GGT	 Serum 
		  Activity	 GSH 
	 n	 (U/L)	 (µmol/L)

Controls	 8	 18.8 (4.4)	 5.8 (1.4)

Total patients	 58	 26.2 (10.3)*	 7.8 (5.5)

Luminal A 	 16	 25.3 (8.1)**	 6.3 (3.7)

Luminal B / HER-2 (-)	 8	 26.9 (9.8)**	 10.1 (7.8)

Luminal B / HER2 (+)	 9	 25.1 (6.4)	 7.6 (4.2)

HER2 (+) 	 9	 32.9 (16.3)**	 9.2 (7.1)

Triple (-)	 16	 27.0 (10.0)***	 8.1 (6.3)

*p<0.01 compared with the control group 
**p<0.05 compared to the control group 
***p<0.02compared to the control group 
GGT: gamma-glutamyl transferase; GSH: glutathione

Figure 1. The relationship between GGT activity and GSH levels in 
controls and patients74
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Discussion and Conclusion

Various hypotheses have been suggested for the role of GGT in carci-
nogenesis, in the literature. One of them is the increased GSH catabo-
lism initiated by increased GGT activity. Extracellular GSH degrada-
tion by GGT provides cysteine, a rate-limiting amino acid for GSH 
synthesis in the cell. Therefore, GGT plays an important role in GSH 
and cysteine ​​homeostasis (18-21). GSH protects cells against carcin-
ogens and regulates neoplastic transformation and viability of cells. 
Because of its reducing properties, GSH can inactivate some carcino-
gens, protect DNA against free radicals that are damaging, protect the 
integrity of different tissues, and prevent lipid peroxidation (22). On 
the other hand, cysteinylglycine, a product of the extracellular degra-
dation of GSH by GGT, is a highly reactive carcinogenic metabolite.  
The second hypothesis for the role of GGT in cancer is its activity in 
the synthesis and metabolism of leukotrienes. It is believed that the 
relationship between chronic inflammation and cancer is due in part 
to the infiltration of the tumor microenvironment through inflamma-
tory cells from which a number of proinflammatory mediators such as 
prostagladin and leukotriene are released (23-24). In addition, GGT 
promotes free iron release from transferrin, which provides iron to ma-
lignant cells (25).

In our study, GGT activity was higher in the patients in all molecu-
lar-subgroups than those in the controls. Also, patients in the drug-
resistant HER2-positive breast cancer group had slightly higher GGT 
activity than patients in the other sub-groups. Recently, in a study in 
which Shackshaft et al. (26) examined serum GGT activity in breast 
cancer subgroups, serum GGT activity was found to be slightly higher 
in breast cancer patients compared to the control group. They also 
found significant associations between serum GGT activity and de-
velopment of ER+, ER− and PR+ breast cancers compared to controls 
and inverse associations between GGT levels and PR− breast cancers 
compared to PR+ (26). In a study by Staudigl et al. (27), no relation-
ship was found between GGT enzyme activity and hormone recep-
tor and HER2-status. Fentiman et al. (28) reported a positive cor-
relation between increased GGT activity and breast cancer incidence 
in premenopausal women. On the other hand, Van Hemelrijck (29) 
explained that increased GGT levels were an independent risk-factor 
for breast cancer. 

Expression of GGT involved in the mercapturic acid pathway has been 
reported to be induced in cancer cells, especially drug-resistant cancer 
cells (15). Since overproduction of GGT results in increased intracel-
lular GSH synthesis, it plays an important role in the development of 
resistance to certain chemotherapeutics, such as alkylating agents (30). 
In our study, GSH levels were found to be higher in both total pa-
tient group and molecular subgroups in comparison with the control 
group without reaching statistical significance. However, there were 
significant positive correlations between GGT activity and GSH levels 
both in the whole patient group and in the Luminal A, Her2-positive, 
and triple-negative subgroups. This result supports the relationship be-
tween the increase in GGT activity and the increase in GSH levels. Al-
though there are not many studies examining GGT and GSH in breast 
cancer at the same time, Mishra et al. (31) showed significant increases 
in GSH levels in breast cancer patients with/without metastasis when 
compared to healthy controls and increases in GGT levels in breast 
cancer patients with metastasis when compared to non-metastatic pa-
tients. However, they did not examine the correlation between the two 

and therefore could not explain the relationship between high GSH 
levels and GGT. 

In the breast cancer, the main treatment in hormone-positive patients 
is with tamoxifen or aromatase inhibitors (32). HER2-positive breast 
cancer cells respond to monoclonal antibodies and kinase inhibitors 
that block HER2 receptor, such as trastuzumab and lapatinib (33, 34). 
Since three receptors that are important for the development and pro-
liferation of tumor cells in triple-negative breast cancer (TNBC) are 
not expressed (ER-, PR-, HER2-), standard hormone therapy and/or 
targeted treatment agents for these receptors cannot be used. There-
fore, patients with TNBC are usually treated with chemotherapeutic 
agents that are cytotoxic. The efficacy of various chemotherapy agents 
such as anthracyclines, taxanes, ixabepilone, and platinum derivatives 
has been shown in different studies in the treatment of TNBC (35). 
However, different response rates are observed in patients. For exam-
ple, while only 30% of patients with TNBC respond to chemotherapy, 
the remaining 70% of patients does not respond to chemotherapy or 
show resistance (36). Therefore, prevention of drug resistance in these 
patients is important for a positive treatment process. As suggested by 
our study’s results and other studies, if increased GGT activity causes 
the accumulation of GSH-drug conjugates, we may consider that che-
motherapeutic drug resistance may develop, and the treatment process 
may be affected in patients with high GGT activity and GSH levels. 
However, new studies are needed on the role of GGT activity and 
GSH in the development of drug resistance.
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