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Abstract

The article presented the results of comparison of polymorphic variants of
the genes GSTM1, GSTT1, GSTP1 and clinical manifestations of non-small
cell lung carcinoma. The association of the genotype GSTT1 (del) with the
risk of developing squamous cell lung cancer has been revealed (OR = 2.54
CL: 1.13 - 5.72, p = 0.035). Analysis of patient survival rate (n = 173) in
groups of various histological types of lung cancer showed that in the group
of squamous cell lung cancer (n = 91) in patients with genotype GSTT1 (del),
the survival rate median was significantly higher—84 months (95% CI 12.4 -
155.7) than in patients with the genotype GSTT1 (+)—36 months (95% CI
25.2 - 46.8, p = 0.045). In contrast, in the adenocarcinoma group (n = 82), the
survival rate median in patients with the genotype GSTT1 (del) was 19
months. (95% CI 6.2 - 33.5), and in patients with genotype GSTT1 (+)—67
months (95% CI 50.1 - 84.0), which is the basis for continuing this compar-
ison in an additional group of testees, as the sampling did not achieve the
reliability of p = 0.12. Hypothetically, these differences may be due to dif-
ferences in the gender composition of squamous cell lung cancer and ade-
nocarcinoma and the involvement of GST enzymes in the metabolism of
estrogens in adenocarcinoma in women and other hormonal background and
reactivity of the male body with squamous cell carcinoma. Further research
and subsequent analysis of the results will be aimed at confirming this hypo-
thesis.
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1. Introduction

Among the variety of oncological diseases, malignant neoplasms of lungs are at-
tracting close attention. In the Republic of Belarus in 2016, more than 4000 new
cases of lung cancer were registered, which amounted to 10.4% of the total on-
cological morbidity. Despite the qualitative progress of medical technologies,
mortality from this disease remains at a catastrophically high level (85% of the
number of cases). The indicator of a one-year mortality rate in 2016 was 54.9%
[1]. Aggressiveness of the clinical course is mainly due to the late diagnosis and
high metastatic potential of the tumor.

It is known that the risk of developing non-small cell lung cancer (NSCLC)
significantly increases in smokers, especially in the environment of the inhaled
air contaminated with carcinogens, capable to cause serious disturbances in the
human genetic apparatus. The leading causes of the formation of the disease are
the impact of environmental damage factors and disturbances in the system of
maintaining the stability of the cell genome [2] [3]. Due to the fact that the al-
veoli and airways are on the interface between the two environments—the in-
ternal environment of the body and the external one, they are constantly ex-
posed to the adverse effects of harmful substances that pollute the atmospheric
air. Effective counteraction to various xenobiotics entering the human body is
carried out by a system of coordinated enzymes for biotransformation of xeno-
biotics (EBX). From the point of view of modern biology and medicine, it is the
metabolic status of the organism that determines the risk of development, the
nature of the clinical course and the effectiveness of the treatment of malignant
neoplasms. From this perspective, polymorphic variants of genes for xenobiotic
biotransformation enzymes, the expression of which, unlike other classes of
genes, is directly regulated by environmental factors of a chemical nature are the
most promising object in the study of predisposition to lung cancer.

This objectively makes the role of enzymes of biotransformation of xenobio-
tics in carcinogenesis important [4] [5].

Glutathione-S-transferase is a multi-gene family of enzymes that catalyze the
chemical interactions of reduced glutathione (GSH) with a wide spectrum of
electrophilic compounds. In addition, as proteins, GSTs are capable of modulat-
ing signaling pathways that control cell proliferation and differentiation, apop-
tosis, and other processes directly involved in carcinogenesis. GSTT1, GSTM1
and GSTP1 are the most important enzymes of the GST family [6] [7].

The polymorphism of the genes GSTT1 and GSTM1 is characterized by par-

tial or total deletion in the coding area, which leads to the absence of the corres-
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ponding enzyme. The single nucleotide polymorphism in the gene GSTP1
c.313A > G (rs1695; Ile105Val) is accompanied by a decrease in the detoxifica-
tion capacity of the enzyme.

It is shown that GSTs belonging to different classes may have overlapping
substrate specificity. This property, along with genetic polymorphism, causes an
unequal susceptibility to environmental risk factors in different people, which
by-turn is the basis for differences in individual sensitivity to genotoxic agents.

In some epidemiological studies, the role of GST polymorphisms in the initia-
tion of a predisposition to lung cancer has been demonstrated. It has been
shown that carriers of genotypes GSTM1 (del) or GSTT1 (del) have a higher risk
of developing lung cancer compared to carriers of at least one functional allele
[8] [9] [10]. However, most of the research results are rather contradictory. In a
few studies, the association between polymorphism in GST genes and the prog-
nosis and response to chemotherapy in patients with NSCLC has been reported,
and their results are unconvincing [11] [12]. The discrepancy between the data
obtained can be explained by population differences in the genotypic structure,
as well as by violations of the principles of patient sampling.

This paper presents the results of a study of the associations of polymorphic
variants of the genes GSTM1, GSTT1, GSTP1 with demographic, clinical cha-

racteristics and prognosis in NSCLC.

2. Material and Investigation Methods

The study included 173 patients diagnosed with non-small cell lung cancer who
were on treatment at the Minsk City Clinical Oncology Dispensary from 2005 to
2015, permanently residing on the territory of the Republic of Belarus. The ana-
lyzed group included patients only with squamous cell carcinoma and adenocar-
cinoma.

The histological type of cancer and the stage of the disease were established by
the morphological criteria of intraoperative biopsy during surgical treatment or
tumor biopsy. The international TNM/pTNM classification was used (7th edi-
tion, 2009). The histological type of cancer was established according to the in-
ternational histological classification of lung tumors (2004).

The criteria for the inclusion of patients in the analysis of the study of clinical
indicators are based on the observation of classic symptoms of lung cancer, the
epidemiological age characteristics of the disease origin, existing associated pa-
thology, the smoking status, clinical and special research methods, the characte-
ristics of the primary tumor and the extent of its spread, the morphological cha-
racteristics of the tumor, signed informed consent for participation in the study.
The work was carried out in accordance with the principles of voluntariness and
confidentiality, on the basis of the questioning and by authority of the ethical
committee of the Belarusian State Medical University for the study of tissue
samples and biological fluids.

The study did not include patients with small cell lung cancer and patients
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with a primary-multiple character of the tumor process.

The isolation of total DNA from peripheral blood was performed by the me-
thod described by Matthew [13], followed by phenol-chloroform extraction and
ethanol purification. Genotyping of GSTT and GSTM polymorphisms was car-
ried out by multiplex polymerase chain reaction method (PCR), GSTP polymor-
phisms—by PCR method and subsequent restriction fragment length analysis
(PCR-RFLP). The primers used in the work were synthesized by the Primetech
(Minsk). Reagents for PCR and PCR-RFLP were used from “Thermo Fisher Scien-
tific” (Vilnius). After PCR-RFLP, DNA samples were visualized in UV light.

The statistical analysis was carried out with the help of the following applica-
tion programs GraphPad InStat Version 3.05, SPSS Statistics 17.0 and a specia-
lized Microsoft Excel data analysis package. To verify the validity when compar-
ing genotype frequencies in groups, there was used a standard Pearson X2 crite-
rion or Fisher exact test for small samples criterion. The relationship between
the genotypes and characteristics of the disease was assessed using the odds ratio
(OR) with a 95% confidence interval (95% CI), using the codominant and do-
minant SNPStats models. Overall survival rate was calculated as the time from
the operation to the date of death. Survival was assessed using the Kaplan-Meier
method and it was compared with the help of a log-rank test. Prognostic factors
were determined using the multi-factor model of Cox proportional risk. Va-
riables with a p level value of less than 0.10 after single-factor analysis were in-
troduced into a multivariate analysis using the Cox proportional hazards model.
The hazard ratio (HR) and 95% confidence interval (95% CI) were calculated for

each factor. p < 0.05 indicates a statistical significance.

3. Results

The average age of the patients included in the study was 62.00 + 0.73 years.
According to the case history data, 2/3 (64.7%) of the patients in the experiment
group were constant smokers and only 30% of the patients denied smoking or
did it sporadically. Surgery in the volume of lobectomy/bilobectomy was per-
formed in 61.1% of cases, pneumonectomy in 20.8% of cases, lung resection—
6.9% of cases. The operation was limited only to lung biopsy in 4.6% of patients
and in 6.1% of cases it was not performed due to low reserve rates or the spread
of the tumor process. In these cases, the disease was diagnosed on the basis of
excision of the tumor with tracheobronchoscopy. I - II stage of the disease was
established in 61.3% of cases, III - IV stage in 38.7% of patients. Histological
forms of NSCLC were distributed in equal quantities—52.6% squamous cell car-
cinoma, 47.4%—adenocarcinoma (Table 1). In this case, among patients with
squamous cell lung cancer, men dominated (92.3%), among patients in the
group with adenocarcinoma men accounted for 59.8%, and women for 40.2%. In
the analyzed group, the genotype GSTT1 (+) was observed five times more often
in 139 (80.4%) patients than the genotype GSTT1 (del), which occurred in 34
(19.6%) patients. The genotypes GSTMI (+) and GSTM1 (del) were distributed
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Table 1. Description of the group under observation. Characteristics of the observation

group.
Description Patients with NSCLC n, (%)
Age (years):
Medium 62.0 £ 0.73
Gender:
fenale 40 (23.1)
male 133 (76.9)
Smoking:
no 52 (30.1)
yes 112 (64.7)
not clear 9(5.2)
Ethnicity: the Slavs
Stage:
I 81 (46.8)
II 25 (14.5)
11T 54 (31.2)
v 13 (7.5)
Histology:
squamous cell carcinoma 91 (52.6)
adenocarcinoma 82 (47.4)
Surgery:
lobectomy/bilobectomy 106 (61.1)
pneumonectomy 36 (20.8)
lung resection 12 (6.9)
biopsy 8 (4.6)
no operation 11 (6.1)
Genotype:
GSTT1 (+) 139 (80.4)
GSTT1 (del) 34 (19.6)
GSTMI (+) 79 (45.7)
GSTML (del) 94 (54.3)
GSTP (AA) 88 (50.9)
GSTP1 (GA) 68 (39.3)
GSTP1 (GG) 17 (9.8)

almost equally by 45.7% and 54.3%, respectively. The frequency of the minor
genotype GSTP1 (GG) was 9.8%.

At the first stage of the work, the genetic polymorphisms GSTM1, GSTT1,
GSTP1 were compared to the clinical characteristics of NSCLC (Table 2 and
Table 3).
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Table 2. Association between GSTM1, GSTT1 genetic polymorphism and clinical cha-

racteristics of NSCLC.

squamous cell carcinoma

adenocarcinoma
OR (95% CI)

p-value

male
vemale
OR (95% CI)

p-value

yeas
no
OR (95% CI),

p-value

I-11
III-1v
OR (95% CI),

p-value

GSTT1 (+)

67 (73.3%)
72 (87.8%)

1.00

102 (76.7%)

37 (92.5%)

1.00

GSTT1 GSTM1
GSTT1 (del) GSTM1 (+)  GSTM1 (del)
Histology*

24 (26.7%) 39 (42.9%) 52 (57.1%)

10 (12.2%) 40 (49.8%) 42 (51.2%)

2.54 (1.13-5.72) 1.00 0. 71 (0.39 - 1.31)
0.035 0.34
Gender

31 (23.3%) 59 (44.4%) 74 (55.6%)

3(7.5%) 20 (50.0%) 20 (50.0%)

3.75 (1.08 - 12.99) 1.00 1.26 (0.62 - 2.57)

0.047 0.64

Smoking status

87 (77.7%)
44 (84.6%)

1.00

87 (82.1%)
52 (77.6%)

1.00

25 (22.3%) 52 (46.8%) 59 (53.2%)

8 (15.4%) 23 (44.2%) 29 (55.8%)

1.50 (0.62 - 3.62) 1.00 1.05 (0.54 - 2.05)

0.36 0.98

Stage

19 (17.9%) 53 (50.0%) 53 (50.0%)

15 (22.4%) 26 (38.8%) 41 (61.2%)

1.43 (0.66 - 3.09) 1.00 0.69 (0.37 - 1.30)

0.36 0.25

*pvalue is adjusted taking into account gender, age, and smoking status.

Table 3. Association between GSTP1 genetic polymorphisms and clinical characteristics

of NSCLC.

AA

squamous cell carcinoma 47 (51.6%)

adenocarcinoma
OR (95% CI),

p-value

male
female
OR (95% CI),

p-value

41 (50%)

1.00

66 (49.6%)
22 (55%)

1.00

GA GG GA + GG
Histology
37 (40.7%) 7 (7.7%) 44 (48.4%)
31 (37.8%) 10 (12.2%) 41 (50%)

1.11 (0.60 - 2.06)  0.59 (0.21 - 1.63)  0.91 (0.50 - 1.67)

0.86 0.44 0.89
Gender
56 (42.1%) 11 (8.3%) 67 (50.4%)
12 (30%) 6 (15%) 18 (45.0%)

1.52 (0.69 - 3.36)  0.62 (0.21 - 1.88)  1.22 (0.60 - 2.49)

0.18 0.25 0.58
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Continued
Smoking status
no 61 (54.5%) 44 (39.3%) 7 (6.2%) 51 (45.5%)
yes 22 (42.3%) 21 (40.4%) 9 (17.3%) 30 (57.7%)
OR (95% CI), 1.00 0.70 (0.31 - 1.55) 0.28 (0.08 - 0.94) 0.61 (0.31 - 1.19)
p-value 0.96 0.043 0.20
Stage
I-1I 50 (47.2%) 42 (39.6%) 14 (13.2%) 56 (52.8%)
1I-1V 38 (56.7%) 26 (38.8%) 3 (4.5%) 29 (43.3%)
OR (95% CI), 1.00 0.82 (0.43 -1.59) 0.29 (0.08 - 1.08) 0.69 (0.37 - 1.28)
p-value 0.94 0.053 0.24

Among the carriers of the GSTT1 (del) genotype, the quantitative ratio was in
favor of squamous cell carcinoma: 23 patients had squamous cell cancer and 10
had adenocarcinoma. Tthe study reveals the association of GSTT1 (del) geno-
type with the risk of developing squamous cell lung cancer (OR = 2.54 CI: 1.13 -
5.72, p = 0.035). When the patients were divided according to gender, it was
shown that GST1 (del) genotype was significantly more frequent in men (G = 3)
(OR = 3.75 CI: 1.08 - 12.99; p = 0.047). Smoking patients are significantly less
likely than non-smoking patients to have the genotype GSTP1 (GG) (OR = 0.28
CI: 0.08 - 0.94, p = 0.043).

At the next stage of the work, the survival rate of patients was analyzed de-
pending on the clinical indices and polymorphic variants of the GST genes.

The disease stage was the determining factor for the outcome of treatment of
patients with non-small cell lung cancer. 1-year (12 months) overall survival rate
with NSCLC stage I was 91%, II—70%, III—45% and IV—14%. Three-year sur-
vival rate with NSCLC stage I was 74%, II—37%, I11—28%. Five-year survival
rate with NSCLC stage I was 60%, II—16%, III—14% (Figure 1).

Cox proportional hazards analysis showed (Table 4) that patients with stage
ITI-IV have a worse prognosis for survival than patients with stage I-II (HR =
1.60; 95% CI: 1.30-1.95; p < 0.0001).

In the general group of patients, there was no reliable association between po-
lymorphic variants of GST genes and overall survival rate. There was also no
difference in the survival of patients with squamous cell lung cancer and adeno-
carcinoma.

Further analysis of the survival of patients in the groups of different histologi-
cal types of lung cancer revealed that in the group of squamous cell lung cancer
patients with the genotype GSTT1 (del) have significantly higher survival me-
dian—84 months. (95% CI 12.4 - 155.7) than the patients with the genotype
GSTT1 (+)—36 months. (95% CI 25.2 - 46.8), p = 0.045 (Figure 2). On the con-
trary, in the adenocarcinoma group, the survival median in patients with GSTT1
(del) genotype was 19 months (95% CI 6.2 to 33.5), and in patients with GSTT1
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Figure 1. Kaplan-Meier survival graphs depending on the stage of the disease.
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Figure 2. Kaplan-Meier graphs of survival of patients with squamous cell carcinoma (a)
and adenocarcinoma (b) with GSTT]1.
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Table 4. The effect of clinical characteristics and genetic polymorphism of GSTM1, GSTT1, GSTP1 on the overall survival rate of
the patients with NSCLC

The number The number Survival rate median
of dead of living (95% CI), months plog-rank test HR (95% €I) palue
Stage
I-II 44 (41.5%) 62 (58.5%) 84.0 (45.6 - 122.5) <0.0001 1.00 <0.0001
III-1V 44 (65.7%) 23 (34.3%) 18.4 (9.6 - 27.1) 1.60 (1.30 - 1.95)
Histology
Squamous cell carcinoma 53 (58.2%) 38 (41.8%) 39.6 (24.5 - 54.7) 0.079 1.00 0.86
Adenocarcinoma 35 (42.7%) 47 (57.3%) 67.1 (51.4 - 88.8) 0.98 (0.62 - 1.54)
gender
female 9 (22.5%) 31 (77.5%) 108.5 (87.2 - 129.8) <0.0001 1.00 0.007
male 79 (59.4%) 54 (40.6%) 39.7 (29.7 - 49.8) 2.77 (1.32 - 5.82)
GSTT1
GSTT1 (del) 16 (47.1%) 18 (52.9%) 49.8 (0.2 - 105.1) 0. 60 1.00 0.18
GSTT! (+) 72 (51.8%) 67 (48.2%) 50.8 (31.2 - 70.8) 0.68 (0.38 - 1.19)
GSTM1L
GSTM] (de) 47 (50.0%) 47 (50.0%) 51.6 (30.5 - 72.8) 0.72 1.00 0.09
GSTM1 (+) 41 (51.9%) 38 (48.1%) 40.9 (14.9 - 66.9) 0.68 (0.43 - 1.06)
GSTP1
AA 43 (48. 9%) 45 (51.1%) 52.1 (25.5 - 78.7) 0.43 1.00 0.97
GA 38 (55.9%) 30 (44.1%) 40.9 (20.4 - 61.4) 1.10 (0.48 - 2.48)
GG 7 (41.2) 10 (58.8) 96.4 (62.2 - 130.6) 1.01 (0.48 - 2.50)

(+) genotype—67 months. (95% CI 50.1 - 84.0), but the reliability did not
achieved p = 0.12, which is probably associated with a small group of carriers of
GSTT1 (del) genotype.

4. Discussion

The study reveals a significant increase in the incidence of the patients with ho-
mozygous deletion of GSTT1 in the squamous cell carcinoma group in compar-
ison with the patients with adenocarcinoma. A significant increase in the carriers
of the GSTTI (del) genotype among men has also been revealed. Since squam-
ous cell carcinoma of the lung is mainly observed in men, and women are more
often diagnosed with adenocarcinoma, the differences in gender groups may be
related to the influence of GSTT1 (del) genotype carrier on the risk of develop-
ing squamous cell lung cancer. The study of smokers and nonsmokers groups
has revealed a 2.5-fold increase in the genotype GSTP1 (GG) in a group of
non-smoking patients. The main factor affecting the overall survival of patients
with NSCLC is the stage of the disease: patients with I - II stages have a better

prognosis, which confirms the need to search for biomarkers of early detection
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of lung cancer. Analysis of Cox proportional hazards has not revealed reliable
associations between polymorphic variants of GST genes and the overall survival
of patients with NSCLC. However, there is a multidirectional effect of GSTT1
genetic polymorphism on the survival of patients with different histological
types of lung cancer: the survival median in carriers of GSTT1 (del) genotype
with squamous cell lung cancer was significantly higher (84 months) than in pa-
tients with adenocarcinoma (19 months) p = 0.001 and vice versa, in the carriers
of GSTT1 (+) genotype the survival median in patients with squamous cell lung
cancer was significantly lower (36 months) than in patients with adenocarcino-
ma (67 months), p = 0.03.

Since GST enzymes are involved in the detoxification of inhaled toxic and
carcinogenic electrophilic compounds, genetic polymorphisms of these enzymes
are potential factors of predisposition to lung cancer [5] [14]. There is a sub-
strate specificity of various GSTs. GSTMI1 metabolizes large hydrophobic elec-
trophiles, such as polycyclic aromatic hydrocarbon epoxides [6] [15]. GSTT1, in
contrast, is involved in the metabolism of smaller compounds, such as monoha-
lomethane and ethylene oxide [16]. GSTP1 plays an important role in the detox-
ification of benzapyrene diol epoxy. The catalytic activity of GST provides the
cell with a mechanism to protect against harmful effects of these substances.

At present, the results of numerous studies of the role of GST gene polymor-
phisms in the onset of lung cancer determine GSTM1 and GSTT1 as the genes
with low penetrance with an increased risk of developing lung cancer from 15%
to 21%. Thus, the study by Pan et a/ [17] in the Asian population has shown that
the carriage of a deletion in GSTM1 or GSTT1 results in an increased risk of
lung cancer with OR 1.57 (95DI 1.23 - 2.00) for GSTT1 and OR 1.87 (95% CI
1.46 - 2.39) for GSTM1 (p < 0.01). The study by Pan et a/. found out that the de-
letion of the GSTT1 gene is associated with an increased risk in men (adjusted
OR 2.95, 95% CI 2.07 - 4.20, p < 0.01), whereas the deletion of the gene is at an
increased risk among women (adjusted OR 2.95, 95% CI 2.07 - 4.20, p < 0.01).
[17] So the EAGLE study conducted on the European population, has shown
that a decrease in the activity of GSTM1 and GSTT1 enzymes increases the risk
of lung cancer among men who smoke, and, on the contrary, is a protective fac-
tor in non-smoking women [9]. This study also shows the relationship of GSTT1
(del) genotype with an increased risk of squamous cell lung cancer. These dif-
ferences are attributed to differences in the gender composition of squamous cell
lung cancer (more common in male smokers) and adenocarcinoma (more
common in non-smoking women).

Thus, the obtained results allow us to conclude that it is the gender differences
in the histological types of NSCLC that make it possible to explain the features of
the manifestation of the genetic polymorphism of GSTT1 in patients with
squamous cell lung cancer and adenocarcinoma, which is important for pre-
dicting the survival of patients. The above conclusion is confirmed by the data

revealing the participation of GSTM1 and GSTT1 in the metabolism of estradiol
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and in the deactivation/elimination of metabolites derived from estrogen [18]
[19].

5. Conclusion

Thus, the conducted clinical study showed that carriers of homozygous deletion
of GSTT1 are significantly more frequent among patients with squamous cell
lung cancer. Multidirectional manifestations of GSTT1 polymorphism in pa-
tients with adenocarcinoma and squamous cell lung cancer have also been iden-
tified, which is associated with different patient survival patterns. The obtained
data make it possible to assume that the reason for the revealed differences is the
involvement of GST enzymes in the metabolism of estrogens in adenocarcinoma
in women, and to assume other metabolic priorities of GST enzymes in men
with squamous cell carcinoma. Further research and subsequent analysis of the

results will be aimed at detailing this conclusion.
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