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INTRODUCTION

ABSTRACT

Background: Gemcitabine is a widely used cytotoxic drug in the treatment of a
number of solid tumors, for instance, lung, pancreatic as well as breast cancer. As
a consequence of the progressive genomic instability, the efficiency rates have
eventually lowered. Genetic approach targeting one or several genes in drug
targeting pathways facilitates substantially more valuable details in explaining
the association between variants and also the efficacy of gemcitabine therapy. In
addition, several researchers have reported ethnic discrepancies in clinical
response to gemcitabine. Thus, the present study was aimed to establish the
normative frequencies of genes associated with the metabolic pathway of
Gemcitabine (RRM1 -37C>A (rs12806698), RRM1 -524T>C (rs11030918),
CDA 79A>C (rs2072671) and CDA 435 C>T (rs1048977) in South Indian
healthy population and compared with 1000 genome population. Additionally,
the association of these SNPs with the risk of developing lung cancer was also
evaluated.

Methods: This study was carried out on 184 healthy subjects and 123 lung cancer
patients of South Indian origin and genotyping was done using RT-PCR (Real
Time Polymerase Chain Reaction). The frequencies of the above polymorphisms
were in Hardy-Weinberg equilibrium (p >0 .05).

Results: The minor allele frequencies of the SNPs RRM1 -37C>A (rs12806698),
RRM1 -524T>C (rs11030918), CDA 79A>C (rs2072671) and CDA -435 C>T
(rs1048977) were 31.3, 36.7, 24.5 and 22.0 respectively.

Conclusions: There was a significant difference observed between the genotype
and allele frequencies of south Indians with the 1000 genome populations. We
also found that SNPs of RRM1 were significantly associated with lung cancer
risk.

Keywords: CDA, Ethnic, Gemcitabine, Lung cancer risk, Polymorphisms,
RRM1

(12.9% of the overall total) of these, 58% eventuated in
minimal evolved places.® Around 85% of lung cancers are
Non-Small Cell Lung Cancer (NSCLC) furthermore

Lung cancer is amongst the most common cancer
problems across the globe. Cytotoxic gemcitabine
combination chemotherapy is extensively employed for
the management of metastatic lung carcinoma. As
emphasized by GLOBOCAN, it has been determined that
there were 1.8 million new lung cancer patients in 2012

www.ijbcp.com

nearly all of the individuals manifest with metastatic stage,
rendering it complicated in choosing the alternate
restorative possible choices such as surgical and/or
radiation procedures. Chemotherapy continues as the
crucial part of conventional and also supportive health care
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in the majority of patients.? Gemcitabine coupled with
Carboplatin is one among the first - line regimens in later
stages of NSCLC. This deoxycytidine analog is commonly
used for treating, pancreatic, lung and breast malignant
tumors alone or along with other drugs.®* Gemcitabine and
carboplatin regimen provides substantial efficacy (29.6%
vs 11.3%) combined with enhanced outcomes in terms of
overall survival (2-year survival rate 15% vs 5%) in
contrast to single drug therapy having more with treatable
hematological toxicities.> Even though it continues to be
main regimen for many malignancies, there exists inter-
individual variations with regard to efficacy of the drug.
Literature shows that the variants in the metabolic pathway
have been involved in hindering the expected clinical
outcomes. The foundation of personalized chemotherapy
that is based on these variations in genes which play a
critical role in the pharmacokinetic and dynamic pathways
can address the problems of resistance.t” Genetic
polymorphisms in gemcitabine metabolic pathway can
decrease response or resistance.>® Gemcitabine is a
prodrug that needs cellular uptake and activation by
phosphorylation. The key enzymes involved in the
metabolism and response are dCK (deoxy Cytidine
Kinase), CDA (Cytidine Deaminase) and
RRM1(Ribonucleotide Reductase M1). The potent active
metabolite dFACTP (diFluoro deoxyCytidine
TriPhosphate) gets incorporated into the DNA, which is
followed by the addition of one or more deoxynucleotides,
after which DNA polymerization stops leading to “masked
chain termination”.#® Mutations in CDA 79A>C was
found to have a 21% lower clearance of gemcitabine as
compared to patients with wild type CDA, and this resulted
in severe hematologic toxicities.® It was also reported that
CDA AT79A/A79C genotypes in 65 advanced NSCLC
patients treated with cisplatin and gemcitabine had a
significant positive correlation with clinical benefit, longer
time to progression (TtP) and overall survival (OS).
Moreover, CDA A79A was associated with grade 3
neutropenia/thrombocytopenia. A synonymous variant
CDA 435C>T (Thr145Thr) was associated with lower
response rates and shorter TtP (Time to Progression) in

Asian lung cancer patients receiving
carboplatin/gemcitabine.’%! Increased RRM1 expression
resulted in resistance to gemcitabine both in vitro and
clinically. RRM1 promoter was analyzed and discovered
that the two SNPs, 37C>A and 524T>C are in strong
linkage disequilibrium. It was found that patients with the
37CC/524TT allelotype had better overall and disease-free
survival than patients with the 37AC/524CT
allelotype.t?13  Similarly, the patients who received
gemcitabine and carboplatin therapy showed a significant
increase in over-all survival compared to other regimens.
These patients showed significant lower expression levels
of RRM1 implying the role of RRML1 in response to
gemcitabine chemotherapy. This meta analysis also
reports discrepancies that are observed in different studies
regarding treatment selection based on the expression
status of RRM1, ERCC1 that play a crucial role in cancer
risk and clinical outcomes.** Pharmacogenetics suggests
that the SNPs of genes in gemcitabine metabolic pathway
could be used as predictive markers for inter-ethnic as well
as inter-patient outcomes.®

Ethnic variations have a significant role in the benefit of
therapy with anticancer agents.'® India is a place with a
large population comprised of a mixture of ethnic groups.
Consequently, differences at genome level are natural
among numerous groups, in addition to that Southern
region marks a diverse group.” These diversities might
confound association outcomes and are the principal
possibilities for the inconsistent results.

Ethnic together with typical genetic markers are hence
used as diagnostic and furthermore curative resources to
achieve the purpose of personalized chemotherapy. In this
study, we aim to establish the normative frequency of four
SNPs of genes involved in metabolic pathway of
gemcitabine, viz, (RRM1 -37C>A (rs12806698), RRM1 -
524T>C (11030918), CDA 79A>C (rs2072671), CDA -
435C>T (rs1048977) (details of the polymorphisms are
shown in Table 1).

Table 1: Characteristic features, rs IDs and assay IDs of the studied polymorphisms.

Base pair

Gene rsid | : Gene location SNP location Assay ID
ocation/change
RRM1 12806698 -37C>A 11p15.4 5’ UTR : C__ 2769831 10
11030918 -524T>C 11p15.4 Upstream gene variant C__ 2769829 10
CDA 2072671 79A>C 1p36.12 Synonymous variant C__25472931_20
1048977 -435C>T 1p36.12 Missense variant C_ 7477307_30

Here, authors have established the distribution of the
above variants involved in gemcitabine pharmacology in
ethnic Asian population and their association with the
susceptibility to lung cancer. We also aim to compare the
similarities and/or dissimilarities between various 1000

genome populations such as AFR (African), AMR
(American), EAS (East Asian), EUR (European), SAS
(South Asian), BEB (Bengali in Bangladesh), GIH
(Gujarati Indian in Houston, TX), ITU (Indian Telegu in
the UK), PJL (Punjabi in Lahore, Pakistan), STU
(Srilankan Tamil in the UK).
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METHODS

The clinical study was performed on 184 healthy
participants with age ranging from 18 to 70 vyears.
Unrelated healthy individuals resident of the Southern
region of India for the successive 3 or more generations
were included. The participants consisted of 95 males and
89 females, while the mean age was found to be 52.0
(x10.5) years. One hundred and twenty-three patients
clinically determined to have lung cancer were recruited.
Among them, 76 patients were males and 47 were female
patients 53.5 (x9.9) (Table 2).

Table 2: Demographic characteristics of cases
and controls.

Characteristic Cases (N =123) il
Age (years) 53.5+9.9 52+10.5

Male 76 (61.8) 95 (51.6)
Female 47 (38.2) 89 (48.4)
Smokers 48 (39.0) 21(11.4)

Alcohol 23 (18.7) 31(16.8)

Histology

Adenocarcinoma 90 (73.1)
Adenosquamous 4 (3.3)

Squamous 13 (10.6)
Undifferentiated  16(13.0)
ECOG

(PS-1) 80 (65.0)
(PS-2) 43 (35.0)
EGFR Status

Positive 18
Negative 11
Unknown 94

ECOG-Eastern cooperative oncology group, PS - Performance
status, EGFR-Epidermal growth factor receptor

Ethics committee permission was taken from the Institute
Ethics Committee and also the written informed consent
has been taken from all of the participants.

Venous blood (5mL) was collected from each individual
in test tubes with 100uL of 10% EDTA solution (ethylene
diaminetetraacetic acid). DNA was obtained with the help
of phenol-chloroform method. The separated DNA was
stocked at -20°C until genotyping was carried out. Four
SNPs from two main genes which have been associated
with metabolic pathway of gemcitabine (RRM1 -37C>A,
RRM1 -524T>C, CDA 79A>C and CDA -435 C>T were
genotyped by RT-PCR (Real-time polymerase chain
reaction) with TagMan SNP genotyping assay (Table 1).

For all the wells of the optical reaction plate, 5uL, 0.25uL,
2.5uL PCR master mix, genotyping assay and diluted
DNA was added respectively and finally deionized water
was added to make up the final volume to 10uL. The
instrument was set up at 50°C at first for a couple of

minutes time followed by at 95°C for the following 10
minutes to initialize TagMan polymerase activity.
Subsequently, 40 cycles of denaturation (92°C for 15
seconds) together with annealing and extension (60°C for
1 minute) were employed for the amplification of the DNA
template. The discrimination of the alleles was analyzed
by the inbuilt 7300 sequence detection software program
(SDS), version 1.4. For quality assessment, 10% of the
extracts were reanalyzed.

Direct gene count approach was adapted to ascertain the
genotype together with allele frequencies. Hardy-
Weinberg equilibrium with chi-square test used to evaluate
the observed and the expected frequencies. The variations
between the study population and of the various ethnic
populations’ allele frequencies, along with case control
evaluation were assessed employing chi-square test by
GraphPad InStat 3and haplotype analysis was performed
using haplo view software version 4.2.

RESULTS

The allele frequencies of the three studied SNPs were in
Hardy-Weinberg equilibrium. The RRM1 -37C>A had C
allele frequency of 68.8% and A allele frequency of
31.3%. The heterozygous genotype CA was seen in 41.8%
while the homozygous genotypes CC and AA were seenin
47.8% and 10.3%, respectively. The allele frequencies
were significantly different from those observed among
the AFR, AMR and PJL. They were similar when
compared to the other subpopulations mentioned in table
3. The frequencies of T (63.3%) and C alleles (36.7%) of
RRML1 -524T>C were statistically significant from other
populations. The genotype frequencies are TT- 40.8%, TC
- 45.1% whereas CC it is 14.1%. The allele frequencies are
significantly different from AFR, AMR, EAS and among
the South Asian subpopulation the frequencies are
different from ITU and PJL similar when compared with
BEB, GIH and STU populations (Table 3).

The genotype frequencies of AA, AC, and CC of CDA 79
A>C were 58.2%, 34.8%, and 7.1%, respectively. The A
allele frequency was calculated to be 75.5%, and the C
allele frequency was 24.5%. The allele frequencies were
found to be statistically divergent from AFR, AMR, EAS,
and EUR. The allele and genotype frequencies are similar
compared with all the South Asian subpopulations. The
homozygous wild genotype of CDA C>T i.e. CC is found
to be 61.4%, the heterozygous is 33.2% and the
homozygous variant genotype is 5.4%. The allele
frequencies, C and T are 78% and 22% respectively. The
allele frequencies are statistically different when compared
to few 1000 genome populations as shown in the table.
(AFR, AMR, EUR and GIH) (Table 3).

There were no gender wise frequency differences observed
as in the healthy population except for CDA C>T with a p-
value of 0.03. Case-control analysis showed that the
genotypes of RRM1 gene are associated with the risk of
development of lung cancer (Table 4).
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Table 3: Comparison of the genotype and allele frequencies of the studied polymorphisms with 1000

genome populations.

. SAS
Polymorphism Sl AFR AMR EAS EUR BEB GIH ITU PIL STU
N 184 661 347 504 503 86 103 102 96 102
RRM1 C>A
CcC 47.8 93.3 60.5 50.4 51.5 41.9 42.7 35.3 34.4 44,1
CA 41.8 6.4 34.9 39.9 40.4 48.8 42.7 53.9 51.0 46.1
AA 10.3 0.3 4.6 9.7 8.2 9.3 14.6 10.8 14.6 9.8
C 68.8 96.5 78.0 70.3 71.7 66.3 64.1 62.3 59.9 67.2
A 31.3 3.5* 22.0* 29.7 28.3 33.7 35.9 37.7 40.1* 32.8
RRM1 T>C
TT 40.8 64.1 55.3 48.2 441 33.7 33.0 27.5 22.9 38.2
TC 45.1 32.1 38.3 42.1 44.1 53.5 44,7 53.9 55.2 50.0
CcC 14.1 3.8 6.3 9.7 11.7 12.8 22.3 18.6 21.9 11.8
T 63.3 80.2 74.5 69.2 66.2 60.5 55.3 54.4 50.5 63.2
C 36.7 19.8* 25.5* 30.8* 33.8 39.5 44.7 45.6* 49.5* 36.8
CDA A>C
AA 58.2 86.8 46.7 76.8 46.5 68.6 56.3 59.8 53.1 62.7
AC 34.8 12.9 455 22.0 441 27.9 37.9 32.4 39.6 32.4
CcC 7.1 0.3 7.8 1.2 9.3 3.5 5.8 7.8 7.3 4.9
A 75.5 93.3 69.5 87.8 68.6 82.6 75.2 76.0 72.9 78.9
C 24.5 6.7* 30.5* 12.2* 31.4* 17.4 24.8 24.0 27.1 21.1
CDA C>T
CcC 61.4 39.5 46.1 57.7 46.7 60.5 48.5 49.0 51.0 50.0
CT 33.2 45.2 44.4 35.7 41.9 37.2 41.7 45.1 44.8 43.2
TT 5.4 15.3 9.5 6.5 11.3 2.3 9.7 5.9 4.2 6.9
C 78.0 62.1 68.3 75.6 67.7 79.1 69.4 71.6 73.4 71.6
T 22.0 37.9* 31.7* 24 .4 32.3* 20.9 30.6* 28.4 26.6 28.4

AFR- African, AMR- American, EAS- East Asian, EUR-European, SAS- South Asian, BEB- Bengali in Bangladesh, GIH- Gujarati Indian
in Houston, TX, ITU-Indian Telugu in the UK, PJL- Punjabi in Lahore, Pakistan, STU-Srilankan Tamil in the UK. *p Value <0.05

considered significant

Cases N

Controls N

Table 4: Case control analysis of the genotypes of the studied polymorphisms.

RRM1 Odds ratio *Adjusted Odds ratio
rs12806698 C>A (95% CI) (95% ClI)

CcC 38(30.9) 88(47.8)

CA 63 (51.2) 77 (41.8) 0.0128  1.895(1.143 t0 3.142) 0.017  2.801 (1.201 to 6.533)
AA 22 (17.9) 19(10.3) 0.0064  2.681 (1.302 to 5.522) 0.193  1.473 (0.823 to 2.637)
RRM1

rs11030918 T>C

TT 32 (26.0) 75 (40.8)

TC 64 (52.0) 83 (45.1) 0.0270  1.807 (1.067 to 3.061) 0.075  2.063 (0.930 to 4.579)
CC 27 (22.0) 26 (14.1) 0.0094  2.434 (1.234 to 4.801) 0.440  1.269 (0.693 to 2.325)
CDA

rs2072671 A>C

AA 76 (61.8) 107 (58.2)

AC 42 (34.1) 64 (34.8) 0.7505  0.9239 (0.5672 to 1.505)

CC 5(4.1) 13 (7.1) 0.2564  0.5415 (0.1852 to 1.583)

CDA

rs1048977 C>T

CcC 79 (64.2) 113 (61.4)

CT 41(33.3) 61(33.2) 0.8747  0.9614 (0.5894 to 1.568)

TT 3(2.4) 10 (5.4) 0.2507  0.4291 (0.1144 to 1.610)

*Adjusted for age, gender and smoking status
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The SNPs of CDA gene have no significant results and
thus are not associated with lung cancer risk. Haplotype
analysis revealed a strong linkage disequilibrium between
the 2 SNPs of RRM1 with D’ Value of 0.95 (Figure 1) and
showed significant association with lung cancer risk.

The SNPs of CDA gene showed weak linkage
disequilibrium and no significant association. The
haplotype frequencies generated are represented in Table
5.

Square shows the pairwise LD relationship between two
SNPs and the values inside the square denotes D’ value is
0.98 and 0.34 respectively for RRM1 and CDA genes.

: 8 N
[~] © © =]
[2] =] N 0
(=] © ~ -
L N [~ (=}
- - N -
Block 1 (0 kb) Block 1 (29 kb)
1 2 1 2

a) RRM1 b) CDA

Figure 1: Linkage disequilibrium (LD) plot and
Haplotype frequencies of RRM1 and CDA genes.

Table 5: Haplotypes association of RRM1 and CDA gene polymorphisms between cases and controls.

RRM1 RRM1 Haplotypes Freguency of P value

rs11030918 T>C  rs12806698 C>A Controls

T C TC 49.9 63.0 0.001

C A CA 41.4 30.9 0.007

C C CC 6.6 5.8 0.682

T A TA 2.1 0.3 0.034

CDA CDA

rs2072671 A>C rs1048977 C>T

A C AC 67.6 65.5 0.577

C C CC 13.3 12.5 0.789

A T AT 11.2 10.1 0.649

C T CT 7.9 11.9 0.105
DISCUSSION are similar compared to the other subpopulations. In

The SNPs of candidate genes, which are involved in the
transport, as well as metabolic pathway of gemcitabine
based chemotherapy, such as CDA, dCK, SLC29A1,
SLC29A3 and also the target molecule of gemcitabine,
RRM1 have been ascertained to be associated with clinical
outcomes in lung cancer patients.'>? Ribonucleotide
reductase M1 (RRM1) plays a crucial role in repairing the
DNA damage. Gene expression studies have found that
RRM1 can be used as a predictive marker in cancers
treated using gemcitabine-based chemotherapy.?%24
Though few studies have found that the single nucleotide
polymorphisms of RRM1 increased the susceptibility to
gemcitabine therapy, there remains still a gap in finding
out the actual influence on the response, toxicity with
gemcitabine and risk of developing lung cancer.?526

The studied SNPs showed significantly different results
compared to the 1000 genome populations of AFR and
AMR. In the subpopulation of south Asians, the results of
RRM1 rs12806698 C>A were different only with PJL and

addition, RRM1 rs11030918 T>C is significantly different
from EAS and ITU subpopulation of South Asians. A
retrospective analysis involving 97 South Korean patients
exhibited differences in the genotype frequencies of both
the studied SNPs of RRM1. Our study showed a higher
percentage of heterozygous and the variant genotypes.?’
The SNP rs11030918 T>C was found to be associated with
the risk of developing lung cancer with dominant model of
genetic analysis. In the present study, lung cancer risk was
evident with the co-dominant model. Conversely, the other
SNP rs 12806698 C>A showed no significant association
as compared with the present study and Coskunpinar, et
al.?®2° The genotype frequencies of RRM1 from a Chinese
population-based study are comparable with healthy
controls but the frequency of the mutant allele is found to
be higher in this study. In addition, contradicting results
found showing no association of the SNPs with
susceptibility to lung cancer.®® Nevertheless, gene
expression studies confirmed that patients with lower
levels of RRM1 have higher response rates and longer OS
compared to the patients with high expression of RRM1 in
both tissues as well as blood samples.3'-33
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Gemcitabine is eliminated after getting converted into its
less potent form by the CDA enzyme. This enzyme plays
a very important role in gemcitabine associated toxicity, as
alteration in the levels or the activity leads to severe
haematological toxicities. Many studies have confirmed
the role of the CDA activity invitro and in vivo in the
clinical outcomes of gemcitabine based chemotherapy.*3*
37 In the present study, the genotype frequencies of CDA
rs2072671 A>C are different from AFR, AMR, EAS and
EUR; similar to all the subpopulations of South Asians.
Another SNP CDA rs1048977 showed divergent results
with AFR, AMR, EUR and the South Asian subpopulation
GIH. The SNPs are not found to be associated with
susceptibility to lung cancer and our results are in
consistent with the literature found.3 Our study found that
the SNP, CDA rs2072671 A>C had higher wild type
frequency when compared with Caucasian lung cancer
patients. The authors also observed a significant
association of this SNP with better response to
gemcitabine. Conversely, a metaanalysis, reported that
there was no significant impact of the above SNP on
response to the drug, but found a correlation between
homozygous wild type and the incidence of anemia.
Presence of this SNP had reduced the incidence of
developing anemia in patients on gemcitabine therapy.3%40
A pharmacokinetic based study to evaluate the impact of
metabolic pathway genes of gemcitabine also showed that
CDArs1048977 C>T is associated with lower clearance of
the inactive form leading to increased haematological
toxicities.* The variant genotype frequencies of CDA
rs2072671 A>C was high in European population whereas
it was completely absent in Africans. With regard to CDA
rs1048977 C>T, the frequencies are lower in Europeans
and higher in African population as compared to the
present study. Similar results were found in haplotype
analysis with no linkage disequilibrium between the two
SNPs.#?

Different ethnic populations showed varied minor allele
frequencies (MAF) of CDA rs2072671 but the MAFs of
Korean, Japanese, Chinese-American and African-
American had lower frequencies and Caucasian-American
had higher frequency compared to south Indian population
which again brings in the role of ethnicities in evaluating
the risk and outcomes in cancer patients.*® Similar results
were found in two more studies, one of which is a North
Indian population study.*+%% Although the minor allele
frequency (MAF) was low, the patients who had
heterozygous and homozygous mutant allele had a greater
incidence of neutropenia compared to wild genotype.** In
contrast, CDA rs1048977 C>T was completely absent in a
North Indian study with 50 healthy volunteers and also had
a lower allele frequency of CDA rs2072671 A>C.*® This
might be because of the less sample size that could not
detect the variant allele. Another metanalysis with a
pooled data from 13 studies had found that CDA
rs2072671 A>C is not associated with clinical outcomes of
response and survival and that the patients who harbor
variant allele may experience poor survival. In consistent
with the available individual studies this metaanalysis also

confirms the severe haematological toxicity associated
with this SNP, thus suggesting the predictive value of
CDA in cancer chemotherapy.*® Further studies are needed
with larger sample size to confirm these results as some of
them showed inverse correlation/association and also there
is less literature available which actually may not be able
to support the correlation of these reports.

CONCLUSION

The genotype and allele frequencies of SNPs of RRM1 and
CDA are reported and are significantly different from 1000
genome population and other literatures. There was a
strong linkage disequilibrium observed between the SNPs
of RRML1. In addition, RRM1 being an important member
of DNA damage repair pathway has been found to be
associated with the susceptibility to lung cancer. These
results may add to the available literature with predictive
value in identifying individuals with high risk of
developing lung cancer and also in guiding personalized
treatment protocol for early detection of poor prognosis
and toxicity by the genomic approach.
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