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Abstract. - OBJECTIVE: To explore the as-
sociation between c-myc and K-ras gene poly-
morphisms and non-Hodgkin lymphoma (NHL).

PATIENTS AND METHODS: A total of 200 NHL
patients in our hospital in the past 3 years were
collected as disease group, while 200 healthy
people were taken as control group. The genom-
ic deoxyribonucleic acid (DNA) in the peripheral
blood was extracted in both groups, amplified
via Polymerase Chain Reaction (PCR) and sent
to the company for the detection of c-myc and
K-ras gene polymorphisms. The expressions
of c-myc and K-ras were detected via Reverse
Transcription-quantitative PCR (RT-qPCR), and
the levels of clinical indexes hemoglobin (Hb),
platelet (PLT) and lactate dehydrogenase (LDH)
were determined in the Laboratory Department.

RESULTS: The allele distribution at c-myc
gene locus rs121918684 was different between
control group and disease group (p=0.000), and
the G allele frequency was 202 (0.505) in the con-
trol group and 263 (0.657) in the disease group.
In the disease group, the GG genotype frequency
at c-myc gene locus rs121918684 [97 (0.485)],
the CC genotype frequency at rs775522201 [98
(0.490)], and the GA genotype frequency at
K-ras gene locus rs1137188 [127 (0.635)] were
all significantly higher than those in the control
group (p=0.000, p=0.002, p=0.011). In the disease
group, the frequency of recessive model GC+CC
(p=0.003), heterozygous model GC (p=0.035),
and homozygous model CC (p=0.037) at c-myc
gene locus rs121918684 was significantly lower
than that in the control group, and the frequency
of recessive model CT+TT (p=0.046) at c-myc
gene locus rs775522201 was also markedly lower
than that in the control group. The haplotype fre-
quency of c-myc CC (p=0.000), GC (p=0.000), and
GT (p=0.018) in the disease group was different
from that in the control group. Moreover, the CT
genotype at c-myc gene locus rs775522201 was
remarkably correlated with the c-myc gene ex-
pression, and the gene expression was markedly

increased in the disease group. The TT genotype
at K-ras gene locus rs12245 was correlated with
the K-ras gene expression, and the gene expres-
sion was notably increased in the disease group.
There was an association between GG genotype
at c-myc gene locus rs121918684 and LDH lev-
el (p=0.000), between CT genotype at c-myc
gene locus rs775522201 and PLT level (p=0.002),
and between AA genotype at K-ras gene locus
rs1137188 and Hb level (p=0.003).

CONCLUSIONS: The c-myc and K-ras gene
polymorphisms are associated with suscepti-
bility to NHL, gene expression and levels of Hb,
PLT, and LDH.
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Introduction

Non-Hodgkin lymphoma (NHL) is a kind
of frequently-occurring malignant tumor of the
lymphoid hematopoietic system in the world'?,
threatening children’s health®. The disease main-
ly involves lymph nodes, spleen, and other im-
mune organs, leads to the disorder or collapse
of immune function in patients, and reduces the
defense ability of patients against such harmful
external stimuli as pathogens. NHL is mainly
divided into B cell, T cell, and NK cell types,
which have different conditions and therapeutic
effects. The pathogenesis of NHL is associated
with multi-level factors. Notably, the expressions
of sCD27 and sCD30 in the circulatory system
are associated with the risk of NHL*, and the star
molecules PD-1 and PD-L1 in immunotherapy
also play roles in this disease>®. Therefore, study-
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ing the predisposing factors of NHL is signifi-
cantly helpful in the prevention, diagnosis, and
treatment of NHL.

Gene polymorphism refers to the individual
differences in alleles or genotypes at the same
locus in the biological community, and such dif-
ferences may be related to the susceptibility to
some diseases. Single nucleotide polymorphism,
the most common type of gene polymorphism, is
involved in the occurrence of lymphoid hemato-
poietic system diseases™. Both ¢c-myc and K-ras
genes are well-known oncogenes, and their high
expressions can promote the occurrence of a va-
riety of cancers, such as bladder cancer®'® and
cervical cancer'. It can be predicted that the
c-myc and K-ras genes may exert crucial effects
in the development of malignant tumors. How-
ever, the association between c-myc and K-ras
gene polymorphisms and NHL has not been re-
ported yet.

In the present work, therefore, the gene poly-
morphisms at c-myc gene loci rs121918684 and
1s775522201, and K-ras gene loci rs12245 and
rs1137188 were explored in NHL patients and
healthy people. Besides, the haplotype of the two
genes was analyzed, and blood routine, coagu-
lation index, and lactate dehydrogenase (LDH)
were detected, so as to explore the association be-
tween susceptibility to NHL and c-myc and K-ras
gene polymorphisms.

Patients and Methods

Patients

A total of 200 NHL patients in our hospital in
the past 3 years (disease group) and 200 healthy
people (control group) were collected as the ob-
jects of study. The clinical data in both groups
were collected, including the patient’s name, 1D
number, age, gender, body mass index (BMI),
disease history, and family history. The mean
age was (45.21£4.25) years old in the control
group and (43.13+4.31) years old in the disease
group. There were no statistically significant dif-
ferences in such general data as age and gender
between the two groups (p>0.05). In the disease
group, NHL patients were diagnosed by the pa-
thologist with intermediate title or above. This
investigation was approved by the Ethics Com-
mittee of the First Affiliated Hospital of Anhui
Medical University, and signed written informed
consents were obtained from all participants be-
fore the study.

Sample Collection and Processing

A total of 8 mL of peripheral blood was col-
lected from both groups in the Laboratory Depart-
ment, and centrifuged using a centrifuge at 3500
rpm for 8§ min within 2 h. Then, the upper-layer
serum and mid-layer nucleated cells were trans-
ferred into new centrifuge tubes. The upper-lay-
er serum was stored in liquid nitrogen for later
detection, and the genomic deoxyribonucleic acid
(DNA) was extracted from the mid-layer nucleat-
ed cells.

Genomic DNA Extraction

The genomic DNA was extracted from the
peripheral blood in both groups using the blood
genome extraction kit (Tiangen, Beijing, Chi-
na) in strict accordance with the instructions of
the kit. Specifically, according to the volume of
sample, 250 pL of protease K solution was add-
ed into the centrifuge tube, and peripheral blood
samples and 2 mL of buffer (GE) were also add-
ed. The mixture was mixed evenly using a vor-
tex oscillator for 1 min, and placed at 65°C for 8
min. Then, 2 mL of absolute alcohol was added
into the mixture, mixed evenly, and transferred
into an absorption column. After that, 2 mL of
buffer was added into the absorption column,
followed by centrifugation at 4000 rpm for 1
min. Subsequently, 200 uL of elution buffer was
added into the absorption column, and the re-
sulting solution was the genomic DNA. Finally,
the purity of DNA was detected using a spec-
trophotometer, and the samples with the optical
density (OD), /OD,,  of 1.8-2.0 were qualified
for subsequent studies.

Polymerase Chain Reaction (PCR)
Amplification and Analysis of C-myc
and K-ras Gene Polymorphism

The polymorphic regions at c-myc gene loci
rs121918684 and rs775522201, and K-ras gene loci
rs12245 and rs1137188 were amplified using the
PCR instrument. The total PCR system was 25
pL, including 1 pL of forward primers, 1 pL of
reverse primers, 0.5 uL. of DNA template, 12.5
uL of Tag DNA polymerase, and 10 puL of dH,O.
PCR conditions: 95°C for 5 min (95°C for 30 s,
54°C for 45 s and 72°C for 35 s) x 40 cycles, and
72°C for 5 min. The primers of polymorphic loci
are as follows: c-myc gene locus rs121918684:
forward (5—3’): GTCAAGAGGCGAACACA-
CAAC [temperature of melting (Tm)=62.6], re-
verse (5"—3’): TTGGACGGACAGGATGTATGC
(Tm=62.8), c-myc gene locus rs775522201: for-
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ward (5—>3”): ATGCCCCTCAACGTGAACTTC
(Tm=61.1), reverse (5'—3’): GTCGCAGAT-
GAAATAGGGCTG (Tm=60.8). K-ras gene locus
rs12245: forward (5°—3’): CCCTATTTCATCT-
GCGACGAG (Tm=61.5), reverse (5—3’):
GAGAAGGACGTAGCGACCG (Tm=60.7),
K-ras gene locus rsl1137188: forward (5—3’):
TTCATCTGCGATCCTGACGAC (Tm=60.2), re-
verse (5"—3’): CACTGAGGGGTCAATGCACTC
(Tm=60.2). The PCR products were sent to the Ji-
angsu Biotechnology Co., Ltd. (Nanjing, China)
for sequencing, and the polymorphisms at c-myc
and K-ras gene loci were analyzed in both groups.

Detection of C-myc and K-ras
Gene Expressions

The c-myc and K-ras gene expressions were de-
tected via Reverse Transcription-quantitative PCR
(RT-gPCR), and the gene primers were designed
using Primer Premier 5.0 and synthesized by San-
gon (Shanghai, China): C-myc: forward (5’—3’):
GGCTCCTGGCAAAAGGTCA, reverse (5—3’):
CTGCGTAGTTGTGCTGATGT, K-ras: forward
(5>3’): TCCCTCCACTCGGAAGGAC, reverse
(5—>3’): CTGGTGCATTTTCGGTTGTTG. The
total PCR system was 25 pL, including 1 pL of
forward primers, 1 pL of reverse primers, 0.5 pL
of cDNA template, 12.5 pL of SYBR premix Taq,
and 10 pL of dH,O. PCR conditions: 94°C for 2
min (95°C for 30 s, 58°C for 40 s and 72°C for 35 s)
x 40 cycles, and 72°C for 5 min.

Detection of Clinical Indexes

The levels of clinical indexes hemoglobin
(Hb), platelet (PLT), and LDH in both groups
were detected in the Laboratory Department us-
ing the hematology analyzer, full-automatic coag-
ulometer, and full-automatic biochemical analyz-
er within 2 h.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 23.0 software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Enumer-
ation data were compared using y°-test, and the
Hardy-Weinberg equilibrium test was performed.
Haplotype analysis was conducted at the SHEsis
website. p<0.05 suggested the statistically signif-
icant difference.

Results

Allele Distribution at C-myc Gene
Locirs121918684 and rs775522201,
and K-ras Gene Loci rs12245 and
rs1 137188

As shown in Table 1, the allele distribution at
c-myc gene locus rs775522201 and K-ras gene
loci 1512245 and rs1137188 had no differences
between the control group and disease group. In
addition, the allele distribution at c-myc gene lo-
cus rs121918684 was different between the two
groups (p=0.000), and the G allele frequency was
202 (0.505) in the control group and 263 (0.657) in
the disease group.

Genotype Distribution at C-myc Gene
Locirs121918684 and rs775522201,
and K-ras Gene Loci rs12245 and
rs1 137188

Asshown in Table I1, the GG genotype frequen-
cy at c-myc gene locus rs121918684 [97 (0.485)],
the CC genotype frequency at rs775522201 [98
(0.490)], and the GA genotype frequency at K-ras
gene locus rs1137188 [127 (0.635)] were all sig-
nificantly higher in the disease group than those
in the control group (»p=0.000, p=0.002, p=0.011).

Table I. Allele distribution at c-myc gene loci rs121918684 and rs775522201, and K-ras gene loci rs12245 and rs1137188.

Gene Locus Allele Control group Disease group OR 95% CI x P

C-myc 15121918684 G 202 (0.505) 263 (0.657) 0.53 0.39-0.70 19.11 0.000
C 198 (0.495) 137 (0.343)

18775522201 C 221 (0.552) 263 (0.657) 1.55 1.16-2.06 3.22 0.141
T 179 (0.448) 137 (0.343)

K-ras 12245 A 212 (0.530) 209 (0.522) 0.97 0.73-1.28 0.04 0.830
T 188 (0.470) 19 1 (0.477)

rs1137188 G 183 (0.458) 185 (0.463) 0.98 0.74-1.29 0.02 0.886
A 217 (0.542) 215 (0.537)

4398



C-myc and K-ras gene polymorphisms in hon-Hodgkin lymphoma

Table Il. Genotype distribution at c-myc gene loci rs121918684 and rs775522201, and K-ras gene loci rs12245 and rs1137188.

Gene Locus Genotype Control group Disease group OR 95% ClI x P
C-myc rs121918684 GG 50 (0.250) 97 (0.485) 1.41 1.21-1.74  23.78 0.000
GC 102 (0.510) 69 (0.345)
CcC 48 (0.240) 34 (0.170)
18775522201 cC 64 (0.320) 98 (0.490) 1.24 1.11-1.58 12.18 0.002
CT 93 (0.465) 67 (0.335)
1T 43 (0.215) 35 (0.175)
K-ras 1512245 AA 54 (0.270) 39 (0.195) 0.87 0.58-0.97 2.74 0.582
AT 104 (0.520) 131 (0.655)
1T 42 (0.210) 30 (0.150)
rs1137188 GG 43 (0.215) 29 (0.145) 1.34 1.15-1.54 9.21 0.011
GA 97 (0.485) 127 (0.635)
AA 60 (0.300) 44 (0.220)

Analysis of Polymorphisms at C-myc
gene loci rs121918684 and
rs775522201, and K-ras Gene loci
rs12245 and rs1137188

As shown in Table 111, the frequency of the re-
cessive model GC+CC (p=0.003), heterozygous
model GC (p=0.035), and homozygous model CC
(p=0.037) at c-myc gene locus 15121918684 was
markedly lower in the disease group than that in
the control group, and the frequency of recessive
model CT+TT (p=0.046) at c-myc gene locus
1rs775522201 was also significantly lower in the
disease group than that in the control group.

Haplotype Analysis of C-myc gene
Locirs121918684 and rs775522201,
and K-ras Gene Loci rs12245 and
rs1137188

According to the haplotype analysis of c-myc
gene loci rs121918684 and rs775522201, and K-ras
gene loci rs12245 and rs1137188 (Table 1V), the
haplotype frequency of c-myc CC (p=0.000), GC
(p=0.000), and GT (p=0.018) in the disease group
was different from that in the control group.

Associations of Genotypes at C-myc
Gene Locirs121918684 and
rs775522201, and K-ras Gene Loci
rs12245 and rs1137188 With Gene
Expressions

The associations of genotypes at c-myc gene
loci rs121918684 and rs775522201, and K-ras gene
loci rs12245 and rs1137188 with gene expressions
were detected, and the results revealed that the
CT genotype at c-myc gene locus rs775522201
was remarkably correlated with the c-myc gene
expression, and the gene expression was remark-

ably increased in the disease group. The TT gen-
otype at K-ras gene locus rs12245 was correlat-
ed with the K-ras gene expression, and the gene
expression was remarkably increased in disease
group (Figures 1-4).

Associations of Genotypes at C-myc Gene
Locirs121918684 and rs775522201,
and K-ras Gene Loci rs12245 and
rs1137188 With Clinical Indexes

There was an association between GG geno-
type at c-myc gene locus rs121918684 and LDH
level (p=0.000), between CT genotype at c-myc
gene locus rs775522201 and PLT level (p=0.002),
and between AA genotype at K-ras gene locus
rs1137188 and Hb level (p=0.003) (Table V).

Discussion

NHL is a highly malignant lymphoid hemato-
poietic tumor, whose pathogenesis has not been
fully clarified?>. As one of the frequently-occur-
ring malignant tumors in the world, NHL has
similar characteristics to other cancers, such as
uncontrolled proliferation of cancer cells, prone-
ness to recurrence, and difficulty in cure',
Therefore, it is speculated that the oncogenes
c-myc and K-ras in lung cancer and liver cancer
may also be related to the occurrence and devel-
opment of NHL. Both c-myc and K-ras genes can
cause changes in the condition of NHL patients
or affect the therapeutic effect'>'®. Therefore, the
polymorphisms of c-myc and K-ras genes may be
associated with susceptibility to NHL.

In this work, it was found that the allele distri-
bution at c-myc gene locus rs775522201 and K-ras
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Table Ill. Analysis of polymorphisms at c-myc gene loci rs121918684 and rs775522201, and K-ras gene loci rs12245 and
rs1137188.

Gene Locus Genotype Control group Disease group 7 P
Dominant C-myc rs121918684 GG+GC 152 (0.760) 166 (0.830) 371 0.132
model CcC 48 (0.240) 34 (0.170)
1775522201 CC+CT 157 (0.785) 165 (0.825) 2.12 0.384
TT 43 (0.215) 35 (0.175)
K-ras rs12245 AA+AT 158 (0.790) 170 (0.850) 3.24 0.261
TT 42 (0.210) 30 (0.150)
rs1137188 GG+GA 140 (0.700) 156 (0.780) 2.71 0.251
AA 60 (0.300) 44 (0.220)
Recessive C-myc rs121918684 GG 50 (0.250) 97 (0.485) 9.11 0.003
model GC+CC 150 (0.750) 103 (0.515)
1775522201 CcC 64 (0.320) 98 (0.490) 6.43 0.046
CTHIT 136 (0.680) 102 (0.510)
K-ras 1512245 AA 54 (0.270) 39 (0.195) 2.42 0.231
ATHTT 146 (0.730) 161 (0.805)
rs1137188 GG 43 (0.215) 29 (0.145) 1.35 0.513
GA+AA 157 (0.785) 171 (0.855)
Heterozygous C-myc 15121918684 GG 50 (0.250) 97 (0.485) 741 0.035
model GC 102 (0.510) 69 (0.345)
15775522201 CcC 64 (0.320) 98 (0.490) 2.21 0.245
CT 93 (0.465) 67 (0.335)
K-ras rs12245 AA 54 (0.270) 39 (0.195) 1.24 0.572
AT 104 (0.520) 131 (0.655)
rs1137188 GG 43 (0.215) 29 (0.145) 2.74 0.201
GA 97 (0.485) 127 (0.635)
Homozygous C-myc rs121918684 GG 50 (0.250) 97 (0.485) 7.23 0.037
model CcC 48 (0.240) 34 (0.170)
18775522201 CcC 64 (0.320) 98 (0.490) 2.14 0.264
TT 43 (0.215) 35(0.175)
K-ras rs12245 AA 54 (0.270) 39 (0.195) 1.27 0.619
TT 42 (0.210) 30 (0.150)
rs1137188 GG 43 (0.215) 29 (0.145) 1.64 0.582
AA 60 (0.300) 44 (0.220)

gene loci rs12245 and rs1137188 had no differences was different between the two groups (p=0.000),
between control group and disease group. The al- and the G allele frequency was 202 (0.505) in the
lele distribution at c-myc gene locus rs121918684 control group and 263 (0.657) in the disease group,

Table IV. Haplotype analysis of c-myc gene loci rs121918684 and rs775522201, and K-ras gene loci rs12245 and rs1137188.

Gene HaplotypeControl groupDisease group OR 95% CI x° P

C-myc CC 113.55 (0.284)  67.55 (0.169) 0.513 0.365-0.720 15.1 0.000
CT 84.45(0.211)  69.45 (0.174) 0.785 0.552-1.117 1.811 0.178
GC 107.45 (0.269)  195.45 (0.489) 2.601 1.936-3.496 41.14 0.000
GT 94.55(0.236)  67.55 (0.169) 0.656 0.463-0.930 5.638 0.018

K-ras AA 129.23 (0.323)  147.08 (0.368) 1.218 0.910-1.632 1.762 0.184
AG 82.77 (0.207)  61.92 (0.155) 0.702 0.488-1.009 3.669 0.056
TA 8777 (0.219)  67.92 (0.170) 0.728 0.511-1.035 3.143 0.076
TG 100.23 (0.251) 123.08 (0.308) 1.329 0.975-1.813 3.244 0.072
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Figure 1. Association between genotype at c-myc gene lo-
cus 5121918684 and c-myc gene expression.

indicating that the people with G allele at c-myc
gene locus 15121918684 are prone to NHL. At the
same time, the GG genotype frequency at c-myc
gene locus rs121918684 [97 (0.485)], the CC gen-
otype frequency at rs775522201 [98 (0.490)], and
the GA genotype frequency at K-ras gene locus
rs1137188 [127 (0.635)] were all significantly high-
er in the disease group than those in the control
group (p=0.000, p=0.002, p=0.011). The above re-
sults prove that G allele and GG genotype at c-myc
gene locus 15121918684 can indeed increase the
susceptibility to NHL. Therefore, such patients

Figure 3. Association between genotype at K-ras gene lo-
cus rs12245 and K-ras gene expression (*p<0.05).

should be highly suspected of NHL, and the corre-
sponding treatment should be well prepared. More-
over, the people with CC genotype at c-myc gene
locus 15775522201 and GA genotype at K-ras gene
locus rs1137188 are prone to NHL, and those with
CC (p=0.000), GC (p=0.000), and GT (p=0.018)
haplotypes at c-myc gene loci 15121918684 and
1rs775522201 are also highly susceptible to NHL. It
can be seen that the c-myc gene may play a key role
in the occurrence of NHL.

According to the analysis of polymorphisms
of c-myc and K-ras genes, the frequency of re-
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Figure 2. Association between genotype at c-myc gene lo-
cus rs775522201 and c-myc gene expression (*p<0.05).

Figure 4. Association between genotype at K-ras gene lo-
cus rs1137188 and K-ras gene expression.
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Table V. Associations of genotypes at c-myc gene loci rs121918684 and rs775522201, and K-ras gene loci rs12245 and

rs1137188 with Hb, PLT and LDH.

Hb (g/L) PLT (10°/L) LDH (U/L)

Gene Locus Genotype Control Disease p Control Disease p Control Disease p
group group group group group group

C-myc 15121918684 GG 145 103 0.091 234 121 0.235 163.32  265.35 0.000
GC 135 123 212 102 142.45  203.51
CcC 138 93 271 110 146.42 21772

rs775522201 CC 135 113 0.311 265 135 0.002 153.36 201.81 0.136
CT 154 105 216 65 136.84  211.35
TT 136 113 263 113 17417 235.75

K-ras rs12245 AA 133 114 0.256 214 132 0.135 137.37  212.64 0.065
AT 153 94 274 101 163.59 27523
TT 123 123 251 98 153.83 22315

rs1137188 GG 132 131 0.003 275 106  0.158 166.35  231.35 0.231
GA 127 124 265 126 15923  226.35
AA 125 83 231 93 152.46 21646

cessive model GC+CC (p=0.003), heterozygous
model GC (p=0.035), and homozygous model CC
(p=0.037) at c-myc gene locus rs121918684 in the
disease group was significantly lower than that
in the control group, and the frequency of reces-
sive model CT+TT (p=0.046) at c-myc gene locus
18775522201 was also significantly lower than that
in the control group. The above findings demon-
strate that the effects of c-myc and K-ras gene
polymorphisms on NHL are not simply triggered
by a single allele or genotype, but may be the re-
sult of multiple genotypes, which also provide
deeper insights into the occurrence of the disease.

The effects of c-myc and K-ras genes on NHL
may be realized by regulating their mRNA and
protein expressions'”?’, so the associations of
genotypes at c-myc gene loci rs121918684 and
1s775522201, and K-ras gene loci rs12245 and
rs1137188 with c-myc and K-ras gene expres-
sions were analyzed in this paper. The results re-
vealed that the CT genotype at c-myc gene locus
1s775522201 was remarkably correlated with the
c-myc gene expression, and the gene expression
was notably increased in the disease group. The
TT genotype at K-ras gene locus rs12245 was cor-
related with the K-ras gene expression, and the
gene expression was remarkably increased in the
disease group. Therefore, the effects of c-myc and
K-ras genes on susceptibility to NHL may be re-
alized by regulating gene expressions.

Finally, the associations of genotypes at c-myc
gene loci rs121918684 and rs775522201, and K-ras
gene loci rs12245 and rs1137188 with blood routine
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index, coagulation index, and LDH were also ex-
plored. The results showed that there was an asso-
ciation between GG genotype at c-myc gene locus
rs121918684 and LDH level (p=0.000), between CT
genotype at c-myc gene locus rs775522201 and PLT
level (p=0.002), and between A A genotype at K-ras
gene locus rs1137188, and Hb level (p=0.003). How-
ever, a limitation also existed in the present study.
Given that we can only enroll Chinese patients in
our present study, we did not exclude the effects of
ethnicity on this research. In our further research,
we should take this factor into consideration.

Conclusions

This investigation verifies that the poly-
morphisms at c-myc gene loci 15121918684 and
15775522201, and K-ras gene loci 1s12245 and
rs1137188 can indeed influence the clinical indexes
of NHL, thereby affecting the development of the
disease.
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