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Objective: Colon cancer (CC) remains one of the leading causes of cancer death world-
wide. Several mutations/polymorphisms have been implicated in CC development and/or
progression. The role of the recently identified variants related to the long non-coding RNAs
(lncRNAs) family has not yet been fully uncovered. In this sense, we aimed to explore the
association between the lncRNA PUNISHER rs12318065 variant and the CC risk and/or
prognosis. Methods: A total of 408 CC (paired 204 cancer/non-cancer) tissues were geno-
typed using the TaqMan allelic discrimination assay. Results: “A” variant was associated with
higher susceptibility to develop CC under heterozygote (A/C vs. C/C: OR = 1.39, 95%CI =
1.09–2.17, P=0.002), homozygote (A/A vs. C/C: OR = 2.63, 95%CI = 1.51–4.58, P=0.001),
dominant (A/C-A/A vs. C/C: OR = 1.72, 95%CI = 1.15–02.57, P=0.008), and recessive (A/A
vs. C/C-A/C: OR = 2.23, 95%CI = 1.34–3.72, P=0.001) models. Patients with metastasis
were more likely to harbor A/A and A/C genotypes (16.7% and 14.1%) than 11% with the
C/C genotype (P=0.027). Patients harboring C>A somatic mutation were more likely to de-
velop relapse (52.6% vs. 26.5%, P=0.003), have poor survival (57.9% vs. 27.7%, P=0.001),
and have shorter disease-free survival (43.2 +− 2.6 months vs. 56.8 +− 1.29 months, P<0.001)
and overall survival (49.6 +− 2.4 months vs. 56.6 +− 0.99 months, P<0.001). Multivariate Cox
regression analysis showed that patients with distal metastasis and C>A somatic mutation
were three times more likely to die. Conclusions: To our knowledge, the present study is the
first to identify that the PUNISHER rs12318065 variant could be a novel putative driver of
colon cancer and is associated with poor prognosis.

Introduction
Colon cancer (CC) is a heterogeneous disease that represents one of the most common (1.9 million in-
cidence rate) and leading causes of cancer-related mortality (0.9 million death in 2020) worldwide [1].
In addition to increased exposure to environmental risk factors due to shifting diet and lifestyle toward
westernization, genetic elements have also been reported to contribute to increasing CC incidence [2,3].
Despite current advances in surgical therapy, chemotherapy, and molecular targeting therapy for CC, the
overall 5-year survival rate for patients remains as low as 12% for metastatic cases of CC [4]. Therefore,
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understanding the molecular mechanisms involved in CC development, progression, and metastasis is critical for
developing specific diagnostic methods and individualized therapeutic strategies [5].

Recently, long non-coding RNAs (lncRNAs) have been identified as new crucial regulators of diverse cellular pro-
cesses, including cell proliferation, differentiation, and cancer cell metastasis [6]. Accumulating evidence has revealed
that aberrant lncRNA expression plays an essential role in carcinogenesis and tumor progression [7,8]. Interestingly,
these lncRNAs are involved in modulating an extensive range of cellular processes, including reprogramming stem
cell pluripotency, parental imprinting, and cancer cell proliferation and metastasis through chromatin remodeling,
epigenetic modification, and miRNA sponging [9].

The oncogenic lncRNA PUNISHER, also known as “AGAP2-AS1 (ADP-ribosylation factor [Arf],
GTPase-activated protein [GAP], isoform 2-antisense RNA 1)”, was recently reported to augment cell viability
and mobility and confers gemcitabine resistance by inhibiting microRNA-497 in colorectal cancer (CRC) [10]. It
has been found that PUNISHER could promote CRC cell proliferation, migration, and epithelial-to-mesenchymal
transition, inhibit apoptosis, and enhance the chemoresistance of CRC cells to gemcitabine [10,11].

Although PUNISHER gene expression has been explored in several cancers, including CRC [10–19]; however, the
mutation pattern and the biological impact of the related gene variant(s) in CC remain largely unknown.

Several studies have reported the relationship between lncRNA gene variants and colon cancer risk and/or progno-
sis [20]. For example, Xu et al. demonstrated that patients with rs7958904 CC genotype of “HOX transcript antisense
RNA” HOTAIR had decreased risk of CRC [21]. Similarly, Zheng et al. explored the association of the G allele of
rs2288947 of the “tissue differentiation-inducing non-protein coding RNA” (TINCR) with a 23% decreased CRC
risk. In comparison, the A allele of rs8105637 for the latter lncRNA was significantly associated with a 22% increased
risk of CRC, and both variants were associated with lymph node metastasis occurrence [22]. Zhu et al. were the first
to report that the functional indel rs145204276 variant within the promoter of the “growth arrest-specific 5” (GAS5)
could modulate CRC risk by impacting the gene transcription activity [23]. Also, Li et al. found that “carriers of
rs2839698 A allele for lncRNA H19 had a significantly increased risk of CRC, compared to those carrying G allele”
[24]. Collectively, these reports confirmed the potential association of several lncRNA variants with CRC risk and/or
prognosis.

The rs12318065 C>A polymorphism is an AGAP2 3′-UTR variant, and an AGAP2-AS1 (i.e. PUNISHER) intronic
variant located at chromosome 12:57726493 according to the “Genome Reference Consortium Human Build 38 patch
release 13 (GRCh38.p13)” (https://www.ncbi.nlm.nih.gov/snp/?term=rs12318065) (last accessed February 22, 2022).
Based on searching the PUNISHER gene variants in the dbSNP (www.ncbi.nlm.nih.gov) for a minor allele frequency
(MAF) ≥ 0.1 and the absence of previous studies exploring the impact of this variant on CC risk and/or outcome, we
were interested in performing allelic discrimination analysis of paired CC and non-cancer tissues as a preliminary
step for future related full-scale variant studies. The recognition of the selected variant association with CC risk and/or
prognosis may be helpful with other genetic/epigenetic and environmental markers to develop prognostic models for
CC targeted management in the near future.

Materials and methods
Study population
A total of 408 retrospectively collected tissue specimens were analyzed in the present study population (204 cancer tis-
sues were compared with their corresponding non-cancer adjacent tissues). The “formalin-fixed, paraffin-embedded
(FFPE)” samples were archived in the “Suez Canal University hospital-pathology lab, Ismailia, and the Oncology Cen-
ter of Mansoura Hospital, Mansoura, Egypt, from January 2008 to December 2018. The inclusion criteria included
archived paired primary colon cancer tissue samples with no history of preoperative radiotherapy/chemotherapy
treatment with the availability of the related clinicopathological patients’ characteristics from the medical records,
including the follow-up survival data. The cancer staging system was according to the “International Union Against
Cancer TNM staging system (8th ed.)” [25]. The exclusion criteria included samples with incomplete (clinical and/or
follow-up) data, unavailability of paired non-cancer tissues, history of receiving any preoperative therapeutic reg-
imen, secondary CC, insufficient tissue samples, non-homogenous or histologically well-characterized samples, or
inadequate quantity/quality of tissue sample-extracted DNA. “Declaration of Helsinki” guidelines were followed, and
the “Suez Canal University-Faculty of Medicine-Medical Research Ethics Committee” approved the present study.
Patient consent was waived as the included samples of this retrospective study were archived.
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Figure 1. Hematoxylin and eosin (H&E) staining of colon cancer specimens

Panel (A) showed colonic tubular adenoma with a high degree of dysplasia (×200). Panel (B) showed moderately differentiated colon

adenocarcinoma formed of more than 50% of invasive irregular separate glands (×200). Panel (C) showed poorly differentiated

colon adenocarcinoma showed sheets and irregular fused glands infiltrating the wall (×200). Panel (D) showed undifferentiated

colon adenocarcinoma showed diffuse sheets of anaplastic cells (×400). Panel (E) showed intramucosal signet ring carcinoma

(×200), and panel (F) showed mucinous colonic carcinoma that showed lakes and pools with mucin with floating malignant cells

and fragments of acini (×200).

Histopathological assessment
The present samples included 138 adenocarcinomas (67.6%), 30 mucinous (14.7%), 26 signet ring cells (12.7%), and
10 undifferentiated (4.9%) carcinoma cases. For all samples, the original hematoxylin and eosin (H&E)-stained sec-
tions were re-investigated to confirm the histopathological diagnosis (Figure 1) and record the histopathological pa-
rameters as “histological type, grading/staging of cancer, tumor invasion in the wall, circumferential margin, lymph
node metastasis (LNM), and lymphovascular invasion (LVI)”. Five-micrometer thick tissue sections were prepared
and examined for BRAF analysis according to Rashid et al. [26] (Figure 2). All the quality control measurements were
applied accordingly.

Allelic discrimination analysis
Tissue DNA was isolated from samples via “QIAamp DNA FFPE Tissue Kit” (Catalog No. 56404, Qiagen, Hilden,
Germany). After dissolving and removing the paraffin by xylene, the samples were lysed under denaturing con-
ditions with proteinase K, and the genomic DNA was obtained following the manufacturer’s protocol. NanoDrop
ND-1000 (NanoDrop Technologies, Inc. Wilmington, DE, U.S.A.) was used to assess the concentration/purity
of the extracted DNA. A specific TaqMan probe-fluorescence assay (C 30952613 10) with VIC and FAM dyes
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Figure 2. Immunohistochemical (IHC) staining of colon carcinoma specimens for BRAF

(A) Negative staining for BRAF monoclonal antibody in colonic tubular adenoma (×200). (B) Diffuse cytoplasmic staining for BRAF

monoclonal antibody in well-differentiated colon adenocarcinoma (×200). (C) Diffuse cytoplasmic staining for BRAF monoclonal

antibody in tumor cells of signet ring carcinoma of the colon (×200), and (D) diffuse cytoplasmic staining in the floating malignant

epithelial cells of colonic mucinous carcinoma (×200).

“GAGTGGGTGCGTCTGTCCAGCGGTC[A/C]GCCCGGTGTGGTCGTGCCCGGCCCG” for each allele, respec-
tively, was run for allelic discrimination. Real-Time polymerase chain reaction (PCR) was carried out by two coau-
thors independently blinded to cancer/non-cancer sample status in a StepOne™ Real-Time PCR System (Applied
Biosystems, Foster City, CA, U.S.A.) as previously described [27]. Loading of DNase-free water instead of unknown
DNA in each run as a negative control was applied. The PCR reaction conditions were run as follows: “40 cycles at
95◦C for 10 min, 95◦C for 15 s, annealing at 60◦C for 1 min, and final step at 60◦C for 30 s” [28]. Five percent of the
samples were randomly selected and run in duplicates to ensure results reliability with a 100% concordance rate for
genotype calls. The genotyping results were retrieved by the related SDS software version 1.3.1.

Statistical analysis
Data analysis was performed using the “Statistical Package for the Social Sciences (SPSS) for Windows” software
(version 27.0). Genotype/allele frequencies and Hardy–Weinberg equilibrium analysis were performed using the on-
line SNPStats software (https://www.snpstats.net/). Binary logistic regression was performed, and adjusted odds ratio
(OR) and 95% confidence interval (CI) by age and sex were estimated for five genetic association models (homozy-
gote and heterozygote comparison, dominant, recessive, and over-dominant models). McNemar’s test was used to
calculate the somatic mutation rate [29]. Categorical variables were presented as frequencies and percentages and
compared using the chi-square (χ2) or Fisher’s exact tests when appropriate. Continuous variables were shown as
mean +− standard deviation and compared using the Student’s t-test. A two-tailed P-value of <0.05 was considered
statistically significant. Cox Proportional Hazards regression analysis was applied to detect predictors of poor sur-
vival. Kaplan–Meier survival curves were generated to compare patients with and without C to A somatic mutation.

Results
Characteristics of the study population
The study included paired samples of 204 colon cancer patients. The mean age was 58.3 years +− 12.3, and 60.8% were
men. Of these, 68 patients (33.3%) died during the follow-up period of over five years. Those who expired were more
likely to be men (70.6% vs. 55.9%, P=0.049), have lesions in the transverse or descending colon (57.4% vs. 45.1%,
P=0.001), presented with poorly differentiated pathological grade (42.6% vs. 20.6%, P=0.003), advanced lymph node
metastasis (29.9% vs. 10.4%, P<0.001), and distal metastasis (27.9% vs. 11%, P=0.005) (Table 1).
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Table 1 Baseline characteristics of the study population

Variable Total (n=204) Survived (n=136) Died (n=68) P-value

Age (y)

≤60 106 (52) 68 (50) 38 (55.9) 0.46

>60 98 (48) 68 (50) 30 (44.1)

Sex

Men 124 (60.8) 76 (55.9) 48 (70.6) 0.049

Women 80 (39.2) 60 (44.1) 20 (29.4)

Location

Right 112 (54.9) 83 (61) 29 (42.6) 0.001

Transverse 10 (4.9) 2 (1.5) 8 (11.8)

Left 82 (40.2) 51 (37.5) 31 (45.6)

Type

Adenocarcinoma 138 (67.6) 90 (66.2) 48 (70.6) 0.033

Mucinous 30 (14.7) 23 (16.9) 7 (10.3)

Signet cell 26 (12.7) 20 (14.7) 6 (8.8)

Undifferentiated 10 (4.9) 3 (2.2) 7 (10.3)

Grade

G1 24 (11.8) 16 (11.8) 8 (11.8) 0.003

G2 123 (60.3) 92 (67.6) 31 (45.6)

G3 57 (27.9) 28 (20.6) 29 (42.6)

T stage

T1 23 (11.3) 14 (10.3) 9 (13.2) 0.12

T2 99 (48.5) 67 (49.3) 32 (47.1)

T3 51 (25) 39 (28.7) 12 (17.6)

T4 31 (15.2) 16 (11.8) 15 (22.1)

N stage

N0 82 (40.2) 49 (36) 33 (48.5) <0.001

N1 88 (43.1) 73 (53.7) 15 (22.1)

N2 34 (16.7) 14 (10.3) 20 (29.4)

M stage

M0 170 (83.3) 121 (89) 49 (72.1) 0.005

M1 34 (16.7) 15 (11) 19 (27.9)

Lymphovascular invasion

No 135 (66.2) 92 (67.6) 43 (63.2) 0.53

Yes 69 (33.8) 44 (32.4) 25 (36.8)

Duke’s stage

A 56 (27.5) 36 (26.5) 20 (29.4) 0.004

B 22 (10.8) 13 (9.6) 9 (13.2)

C 94 (46.1) 73 (53.7) 21 (30.9)

D 32 (15.7) 14 (10.3) 18 (26.5)

BRAF mutation

Wild-type 144 (70.6) 98 (72.1) 46 (67.6) 0.51

Mutant 60 (29.4) 38 (27.9) 22 (32.4)

Relapse

No 140 (68.6) 98 (72.1) 42 (61.8) 0.15

Yes 64 (31.4) 38 (27.9) 26 (38.2)

Data are presented as frequency (percentage). Two sided-Chi-square test was used. The bold values indicate statistical significance at a P-value below
0.05.

Single-nucleotide polymorphism (SNP) analysis of PUNISHER variant
Genotype frequency of rs12318065 agreed with HWE in the control group (P=0.06). MAF (A allele) accounted for
0.33 in controls. According to the 1000 Genome Project, the same allele frequencies were 0.02 in Africans, 0.10 in
Asians, 0.25 in Americans, and 0.13 in Europeans. In comparison between malignant and adjacent colon tissues, a
higher frequency of the A allele was more representative in cancer tissues compared with control tissues (45% vs. 33%,
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Figure 3. Genotype and allele frequencies of PUNSHER (AGAP2-AS1) rs12318065 variant

Data are presented as frequency and percentage. A two-sided Chi-square test was used. Statistical analysis was set at a P-value

below 0.05.

Figure 4. Genetic association models for PUNISHER gene variant and cancer risk

Regression analysis was adjusted by the age and sex of the patients. Adjusted odds ratio and confidence interval are shown.

P=0.002). Correspondingly, A/A and C/A genotypes were more prevalent in cancer specimens (26.0% and 38.2%)
compared with counterpart non-cancer control tissues (13.7% and 37.7%, P=0.003) (Figure 3).

Impact of genotypes on cancer risk
As depicted in Figure 4, a variant was associated with higher susceptibility to develop colon cancer under heterozygote
comparison (A/C vs. C/C: OR = 1.39, 95%CI = 1.09–2.17, P=0.002), homozygote comparison (A/A vs. C/C: OR =

6 © 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Table 2 Somatic mutations of rs12318065 (A/G) genotypes in cancer and paired non-cancer tissues

Genotypes Cancer P-value
A/A A/C C/C

Control

A/A 28 (52.8) 0 (0) 0 (0) <0.001

A/C 12 (22.6) 65 (83.3) 0 (0)

C/C 13 (24.5) 13 (16.7) 73 (100)

Values are shown as numbers (% of total participants). McNemar’s test was used. The bold value indicates statistical significance at a P-value below
0.05.

2.63, 95%CI = 1.51–4.58, P=0.001), dominant model (A/C-A/A vs. C/C: OR = 1.72, 95%CI = 1.15–2.57, P=0.008),
and recessive model (A/A vs. C/C-A/C: OR = 2.23, 95%CI = 1.34–3.72, P=0.001).

Somatic mutation burden analysis
Tumor-normal paired analysis revealed genotype concordance in 166 out of 204 tissue samples, accounting for 81.4%
of patients. In contrast, 38 samples showed the allelic difference between paired samples with a higher representation
of the A allele in tumor samples. The C/C and A/C genotypes in 13 and 12 patients, respectively, were mutated to
the A/A genotype in paired (cancer and non-cancer) tissues. In addition, 13 other cases with C/C genotype showed
a change in one gene locus to A/C (Table 2).

Association of PUNISHER genotypes with clinical and pathological
features
PUNISHER rs12318065 genotypes were associated with distal metastasis; patients with metastasis were more likely to
harbor A/A and A/C genotypes (16.7% and 14.1%) compared with 11% with C/C genotype (P=0.027). In addition, a
higher frequency of mortality was reported in A/A (33.3%) and A/C (32.1%) groups compared with the C/C genotype
(23.3%) (Table 3). A comparison between tumor samples harboring switch to A variant compared with counterparts
is shown in Table 4. Patients harboring C>A somatic mutation were more likely to develop relapse (52.6% vs. 26.5%,
P=0.003) and have poor survival (57.9% vs. 27.7%, P=0.001).

Survival analysis
In comparison between patients who had C-to-A somatic mutation and non-cancer counterparts, Kaplan–Meier
curves showed patients harboring conversion had shorter disease-free survival (43.2 +− 2.6 months vs. 56.8 +− 1.29
months, P<0.001) and overall survival times (49.6 +− 2.4 months vs. 56.6 +− 0.99 months, P<0.001). Multivariate Cox
regression analysis showed distal metastasis (HR = 3.47, 95%CI = 1.71–7.05, P=0.001) and C-to-A somatic mutation
(HR = 3.01, 95%CI = 1.71–5.28, P<0.001) were three times more likely to die (Figure 5).

Discussion
Accumulating evidence recognized the impact of gene polymorphism in increased colon cancer risk through known
and yet unknown cellular and molecular changes [30]. A slew of research has discovered that lncRNA SNPs are
substantially associated with cancer risk [31]. The lncRNA gene-related polymorphisms may have a significant impact
on lncRNA expression levels, processing, or secondary structure, culminating in cancer genesis and progression and
disparities in treatment responses [32,33]. SNPs may potentially cause the lncRNA to behave abnormally, leading to
dysregulation of downstream signaling cascades and target gene expression [34,35].

In the present study, we found that PUNISHER rs12318065 AA and AC genotype carriers have a considerably
higher risk of CC. The A allele was more common in cancer versus non-cancerous tissues and was considered a
risk allele for CC under all genetic models. Also, the A/A and A/C genotypes were associated with a greater risk of
distant metastases and mortality. Furthermore, nearly 63.8% of the cancer tissues showed a tendency for C>A shift,
and the frequency of C>A somatic mutation was shown to be higher in the adenocarcinoma subtype. Additionally,
patients harboring C>A somatic mutation were more likely to relapse. To our knowledge, there were no studies that
uncovered the relation between PUNISHER rs12318065 and CC risk and/or outcome.

Accumulating evidence in the era of lncRNAs genetic variants, notably SNPs, has recently revealed that SNPs in
lncRNAs are linked to an increased risk of colon/colorectal cancers. For example, Li et al. [31] reported that the
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Table 3 Association of PUNISHER genotypes with the clinical and pathological features

Variable A/A (n=53) A/C (n=78) C/C (n=73) P-value

Age (years)

≤60 124 (60.8) 51 (65.4) 36 (49.3) 0.46

>60 80 (39.2) 27 (34.6) 37 (50.7)

Sex

Women 124 (60.8) 51 (65.4) 36 (49.3) 0.038

Men 80 (39.2) 27 (34.6) 37 (50.7)

Location

Right 112 (54.9) 46 (59) 39 (53.4) 0.12

Transverse 10 (4.9) 1 (1.3) 3 (4.1)

Left 82 (40.2) 31 (39.7) 31 (42.5)

Type

Adenocarcinoma 138 (67.6) 54 (69.2) 52 (71.2) 0.61

Mucinous 30 (14.7) 10 (12.8) 8 (11.0)

Signet cell 26 (12.7) 9 (11.5) 10 (13.7)

Undifferentiated 10 (4.9) 5 (6.4) 3 (4.1)

Grade

G1 147 (72.1) 60 (76.9) 50 (68.5) 0.47

G2/3 57 (27.9) 18 (23.1) 23 (31.5)

T stage

T1/2 122 (59.8) 53 (67.9) 42 (57.5) 0.13

T3/4 82 (40.2) 25 (32.1) 31 (42.5)

Lymph node metastasis

Negative 82 (40.2) 31 (39.7) 30 (41.1) 0.98

Positive 122 (59.8) 47 (60.3) 43 (58.9)

Distal metastasis

Negative 170 (83.3) 67 (85.9) 65 (89) 0.027

Positive 34 (16.7) 11 (14.1) 8 (11.0)

Lymphovascular invasion

Negative 135 (66.2) 53 (67.9) 48 (65.8) 0.89

Positive 69 (33.8) 25 (32.1) 25 (34.2)

Duke’s stage

A/B 119 (58.3) 52 (66.7) 37 (50.7) 0.13

C/D 85 (41.7) 26 (33.3) 36 (49.3)

BRAF mutation

Wild-type 144 (70.6) 55 (70.5) 52 (71.2) 0.98

Mutant 60 (29.4) 23 (29.5) 21 (28.8)

Relapse

Negative 140 (68.6) 57 (73.1) 52 (71.2) 0.17

Positive 64 (31.4) 21 (26.9) 21 (28.8)

Mortality

Negative 136 (66.7) 53 (67.9) 56 (76.7) 0.010

Positive 68 (33.3) 25 (32.1) 17 (23.3)

DFS (Months)

Prolonged (≥48) 64 (31.4) 26 (33.3) 25 (34.2) 0.45

Short (<48) 140 (68.6) 52 (66.7) 48 (65.8)

OS (Months)

Prolonged (≥48) 94 (46.1) 38 (48.7) 40 (54.8) 0.020

Short (<48) 110 (53.9) 40 (51.3) 33 (45.2)

Data are presented as frequency (percentage). Two sided-Chi-square test was used. The bold values indicate statistical significance at a P-value below
0.05. n: number; DFS: disease-free survival; OS: overall survival.
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Table 4 Comparison between the somatic mutation and tumor phenotype

Variable
Without C>A mutation

(n=166)
With C>A mutation

(n=38) P-value OR (95%CI)

Age (y)

≤60 88 (53) 18 (47.4) 0.59 Reference

>60 78 (47) 20 (52.6) 1.25 (0.62–2.54)

Sex

Female 99 (59.6) 25 (65.8) 0.58 Reference

Male 67 (40.4) 13 (34.2) 0.77 (0.37–1.61)

Location

Right 93 (56) 19 (50) 0.57 Reference

Transverse 7 (4.2) 3 (7.9) 2.09 (0.49–8.85)

Left 66 (39.8) 16 (42.1) 1.18 (0.56–2.47)

Type

Adenocarcinoma 114 (68.7) 24 (63.2) 0.65 Reference

Mucinous 22 (13.3) 8 (21.1) 1.72 (0.68–4.33)

Signet cell 22 (13.3) 4 (10.5) 0.86 (0.27–2.73)

Undifferentiated 8 (4.8) 2 (5.3) 1.18 (0.23–5.94)

Grade

G1 121 (72.9) 26 (68.4) 0.55 Reference

G2/3 45 (27.1) 12 (31.6) 1.24 (0.58–2.67)

T stage

T1/2 102 (61.4) 20 (52.6) 0.36 Reference

T3/4 64 (38.6) 18 (47.4) 1.43 (0.71–2.92)

Lymph node metastasis

Negative 71 (42.8) 11 (28.9) 0.14 Reference

Positive 95 (57.2) 27 (71.1) 1.83 (0.85–3.94)

Distal metastasis

Negative 140 (84.3) 30 (78.9) 0.46 Reference

Positive 26 (15.7) 8 (21.1) 1.44 (0.59–3.48)

Lymphovascular invasion

Negative 105 (63.3) 30 (78.9) 0.08 Reference

Positive 61 (36.7) 8 (21.1) 0.46 (0.2–1.06)

Duke’s stage

A/B 96 (57.8) 23 (60.5) 0.85 Reference

C/D 70 (42.2) 15 (39.5) 0.89 (0.44–1.84)

BRAF mutation

Wild type 118 (71.1) 26 (68.4) 0.84 Reference

Mutant 48 (28.9) 12 (31.6) 1.13 (0.53–2.43)

Relapse

No 122 (73.5) 18 (47.4) 0.003 Reference

Yes 44 (26.5) 20 (52.6) 3.08 (1.49–6.36)

Died

No 120 (72.3) 16 (42.1) 0.001 Reference

Yes 46 (27.7) 22 (57.9) 3.59 (1.73–7.43)

DFS (months)

Prolonged (≥48) 56 (33.7) 8 (21.1) 0.17 Reference

Short (<48) 110 (66.3) 30 (78.9) 1.91 (0.82–4.44)

OS (months)

Prolonged (≥48) 84 (50.6) 10 (26.3) 0.007 Reference

Short (<48) 82 (49.4) 28 (73.7) 2.87 (1.31–6.28)

Data are presented as frequency (percentage). N: number; DFS: disease-free survival; OS: overall survival. A two sided-Chi-square test was used. Binary
logistic regression analysis was performed. Odds ratio (OR) and 95% confidence intervals (CI) are shown. The bold values indicate statistical significance
at a P-value below 0.05.
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Figure 5. Survival analysis in patients with colon cancer

(A and B) Kaplan–Meier survival curves illustrating the differential effect of PUNISHER somatic mutation on disease-free survival

times. Survival times are shown as means and standard errors. Log Rank test was used to compare the difference between the

groups. (C) Independent predictor risk factors for overall survival. Cox Proportional Hazard Regression analysis was performed.

Hazard ratio and confidence interval are shown.

lncRNA “Colorectal Cancer Associated Transcript 1 (CCAT1)” rs67085638 C>T was associated with an increased
risk of CC, and the rs7013433 A>T was correlated to an advanced stage of CRC in Chinese population. Also, Cao et
al. [36] found that the AA genotype of the lncRNA maternally expressed gene 3 (MEG3) rs7158663 was significantly
increased the CRC risk, in particular, in those over 60 years and with a positive family history of cancer. Another
study has demonstrated that the HOXA transcript at the distal tip (HOTTIP) rs3807598 (GG vs. CC) and rs2067087
(CC vs. GG) increased the CRC risk by 1.57- and 1.70-fold, respectively, while the rs17501292 variant was associated
with improvement in OS of CRC patients with ulcerative/invasive tumors [37]. The metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT1) rs664589 G allele was thought to change MALAT1’s binding to miR-194-5p,
resulting in increased gene expression and accelerated CRC growth and metastasis [38]. Similarly, the GAS5 gene
promoter rs55829688 variant was implicated in changing the gene expression via influencing the binding affinity of
the transcriptional factor YY1 to the promoter region [39], and the prostate cancer-associated transcript 1 (PCAT1)
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Table 5 Impact and linkage disequilibrium (LD) of the studied rs12318065 polymorphism on chromosome 12 with other
variants (r2 ≥ 0.8) on the same chromosome

pos
(hg38) LD (r2) LD (D’) Variant Ref Alt AFR freq AMR freq ASN freq EUR freq

eQTL
results

Motifs
changed

57670654 0.94 0.98 rs12819172 A G 0.11 0.22 0.12 0.13 4 altered
motifs

57671601 0.92 0.96 rs10876996 G A 0.12 0.22 0.11 0.13 4 altered
motifs

57672194 0.93 0.98 rs12832574 G A 0.12 0.22 0.12 0.13 Crx, Pitx2

57677732 0.94 0.98 rs12831104 C G 0.12 0.22 0.12 0.13 SZF1-1

57678579 0.88 0.98 rs12813558 A C 0.12 0.22 0.12 0.14 EWSR1-FLI1

57681949 0.94 0.98 rs11172299 T G 0.12 0.22 0.12 0.13

57691490 0.9 0.96 rs11172302 G A 0.12 0.22 0.12 0.12 4 altered
motifs

57693089 0.94 0.98 rs34854770 C T 0.12 0.22 0.12 0.13 4 altered
motifs

57704963 0.94 0.98 rs11172305 C T 0.03 0.21 0.12 0.13 PPAR, Pax-1,
RORalpha1

57714736 0.94 0.98 rs12424011 C T 0.02 0.21 0.12 0.13 8 altered
motifs

57718654 0.97 0.99 rs2239891 C A 0.06 0.21 0.12 0.13 NRSF, Nkx2,
Pitx2

57723186 0.97 0.99 rs11172310 T A 0.02 0.21 0.12 0.13

57725064 0.99 1 rs4760169 T C 0.05 0.22 0.12 0.13 POL2 6 altered
motifs

57726493 1 1 rs12318065 C A 0.02 0.21 0.13 0.13 POL2,
STAT1,
ZNF263

Mrg1:Hoxa9,
Sin3Ak-20

57729039 0.99 1 rs12296750 G A 0.02 0.21 0.11 0.13

57729328 0.98 0.99 rs11172314 A G 0.02 0.21 0.11 0.13 18 altered
motifs

57731655 0.92 0.96 rs12307841 T C 0.02 0.21 0.11 0.13 CDP, Cart1,
STAT

57733429 0.92 0.96 rs3893002 G A 0.02 0.21 0.12 0.13 CFOS 4 altered
motifs

57734184 0.92 0.96 rs12422249 G A 0.02 0.21 0.12 0.13 8 altered
motifs

Abbreviations: AFR, African; Alt, alternative allele; AMR, American; ASN, Asian; eQTL, expression quantitative trait locus; freq, frequency; EUR, European;
hg38, human genome release number 38; LD, linkage disequilibrium; POL2, DNA polymerase epsilon catalytic subunit A; pos, position; Ref, reference
allele; STAT1, signal transducer and activator of transcription 1; ZNF263, zinc finger family protein 263. The red labeled variant is the studied polymorphism
in this study.
Data source: HaploReg v 4.1. (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php) (last accessed February 2022).

rs2632159 may influence CRC risk by altering EBF, LUN-1, and TCF12 binding, thereby up-regulating PCAT1 ex-
pression and hence potentiate its carcinogenic role [40].

Currently, stratified analysis by patients’ characteristics reveals an association between the PUNISHER rs12318065
variant and the rate of C>A somatic mutation with decreased OS and DFS. Our data also showed that tumors har-
boring this type of transversion were a significant independent predictor of overall survival with the presence of
distant metastasis. In an attempt to potentially predict the impact of the studied variant on disease risk and/or out-
come, we run the “HaploReg v4.1” (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php) (last accessed
on February 2022), which is an updated and validated bioinformatics tool specified for exploring annotations of the
non-coding genome variants, based on the 1000 Genomes Project, and predicting the effect of variants on the regula-
tory motifs and gene expression based on the expression quantitative trait locus (eQTL) studies [41]. Interestingly, the
obtained results showed that the PUNISHER rs12318065 A variant could influence binding with the transcriptional
factors: POL2, STAT1, and ZNF263, which are linked to carcinogenesis [42–46], also it could alter regulatory motifs,
including mrg1, HOXa9 1, and Sin3Ak-20 disc6 some of which have been confirmed to be associated with colon
cancer carcinogenesis and metastasis [47]. We further evaluated, in silico, the potential function of other SNPs that
were in high (r2 > 0.80) linkage disequilibrium (LD) with rs12318065 and found that some of these polymorphisms
were in regulatory regions, including the promoter, the enhancer, and DNase hypersensitivity sites (Table 5). These
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results could support the potential association of the studied variant with dysregulated gene expression and function
that warrant further future functional studies to confirm these speculations.

PUNISHER dysregulation has been associated with several cancers, including the CC, through various mechanisms
and molecular pathways [18,48–50]. It was implicated in regulating fibroblast growth factor receptor 1 (FGFR1) ex-
pression in CRC by sponging microRNA-497, and its up-regulation was associated with poor patient survival [10].
Other studies have suggested that PUNISHER and LINC-PINT may create a negative feedback regulation loop in
colon cancer [51]. Furthermore, PUNISHER could induce endothelial–mesenchymal transition (EMT) and increase
CRC cell proliferation, motility, and invasion via targeting the miR-4,668-3p/SRSF1 axis [52]. It also could raise the
Cofilin-1 (CFL1) expression that mediates EMT, cell migration, and invasion in CRC via competitively binding to
miR-182-5p [52].

The advantage of our study lies in the relatively large sample size, and we are the first, up to our knowledge, to report
a significant association between the PUNISHER rs12318065 variant and colon cancer risk and poor prognosis.
However, the present study lacks the mechanistic and functional works that uncover the specific role of the studied
variant in CC. Further studies are warranted to study the impact of this variant on gene expression level and to
explore the potential association of this polymorphism with chemoresistance either in CC or other cancer types.
More research into novel lncRNA-based genetic biomarkers for predicting CC susceptibility and/or clinical prognosis
is recommended.

Conclusion
In summary, the present study found that the PUNISHER rs12318065 C>A transversion is associated with increased
colon cancer risk and poor prognostic indicators in terms of short survival time and tumor relapse.
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