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Abstract

Colorectal cancer (CRC) is a multifactorial and age-related disease. Additionally, age, sex, and risk factors

for developing CRC may include genetic, epigenetic, and immunologic characteristics and lifestyle habits.
Simultaneous examination of gene mutations and their products is vital for determining patient prognosis and
treatment. Therefore, we assessed APC, KRAS, and TP53 plasma levels; inflammatory indices; and KRAS mutations
in CRC patients and evaluated their role in cancer progression. The study population consisted of colorectal cancer
patients (40 patients: 16 women and 24 men). KRAS mutations were detected using real-time PCR; APC, KRAS,
and TP53 protein levels were measured via ELISA. The results revealed that inflammatory indices (MLR, PLR, NLR)
are increased in CRC patients, especially in those with advanced stages. TP53 protein levels were increased in
patients with progressive cancer, whereas no significant difference was detected in the plasma levels of APC and
KRAS. The G12V KRAS mutation was associated with a poor prognosis and high PLR values. Our findings reveal
that inflammatory indices such as the MLR, PLR, and NLR are linked to TP53 and APC plasma levels and offer new
insights into their role in the development and progression of CRC.
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Introduction

Currently, colorectal cancer is the third most common
oncological disease. According to Globocan (https://gco.i
arc.fr/en), approximately 1,900,000 new cases of colorec-
tal cancer (CRC) are detected annually worldwide, and
deaths have exceeded 930,000. Notably, the mortality rate
is the highest in Eastern Europe (www.who.int). Prog-
nostic studies predict that the prevalence of colorectal
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cancer is increasing, and by 2040, the number of new
cases will reach 3.2 million (63% increase), and the num-
ber of fatal cases will reach 1.6 million per year. In Geor-
gia, from 2018 to 2021, the incidence of CRC was 55.44
per 100,000 people, and CRC was among the top five
most common diseases in terms of mortality [1, 2].
Generally, CRCs are associated with age, and more
than 90% of patients are 65-75 years old. Numerous
studies have shown that the incidence of CRC depends
on sex, and CRC is diagnosed in 60% of men and 40% of
women. In addition to age and sex, risk factors for devel-
oping CRC may be genetic, epigenetic, immunologic or
related to unhealthy lifestyle habits [1, 2—-3]. CRC devel-
opment is associated with changes in molecular mecha-
nisms related to the expression of inflammatory markers,
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suppressor genes, or oncogenes. Moreover, current stud-
ies have revealed that inflammatory indices (MLR, NLR,
and PLR) may be related to the prognosis of colorectal
cancer and are associated with the tumor stage. Molec-
ular processes in the tumor microenvironment are very
complicated, which is why a particular group of scientists
suggest that damage to the genetic machinery in tumor
cells leads to endless cell division and tumor develop-
ment [4-8]. Many genes are known to be responsible for
the development of CRC; furthermore, familial forms
of CRC have been described. In particular, a high inci-
dence of CRC development among patients with famil-
ial adenomatous polyposis (FAP) has been shown [9, 10].
Familial adenomatous polyposis (FAP) is an inherited
disease caused by mutations in the APC gene that lead to
polyps and, ultimately, the development of colon cancer.
For patients who do not receive appropriate treatment at
the initial stage, the risk of developing cancer increases
and appears at an early age of up to 40 years. On the
other hand, hereditary nonpolyposis colorectal cancer
(HNPCC), otherwise known as “Lynch syndrome,” is one
of the most important risk factors for the development
of colon cancer [11]. Under these conditions, the risk
of developing cancer starts at the age of 50, and MLH1
and MSH2 are caused mainly by mutations in the MSHS,
PMS2, or EPCAM genes. APC mutations are com-
mon in familial and sporadic cases of CRC, occurring in
approximately 75-80% of cases [12]. The APC protein
regulates the WNT signaling pathway, controls the sta-
bility of B-catenin, and affects WNT target genes such as
c-myc [13, 14]. In addition to the APC gene, KRAS and
p53 are involved in the formation of CRC. The mutation
frequency of these genes is associated with the risk of
developing the disease and is currently the subject of sig-
nificant research [15, 16].

Notably, APC, KRAS, and TP53 mutations are cru-
cial in colorectal cancer (CRC). In particular, 30-40% of
colon cancer patients have a suppressor KRAS mutation.
KRAS mutations are particularly associated with the for-
mation of metastases, which are caused by uncontrolled
cell proliferation accompanied by disruption of regular
GTPase activity. The K-Ras gene encodes the p21ras pro-
tein, which is essential for transmitting signals from the
cell membrane to various effector molecules inside the
cell [17,18-19].

TP53, a tumor suppressor gene, plays a crucial role
in regulating cell growth and apoptosis. TP53 muta-
tions are found in many CRC cases, especially in proxi-
mal and distal tumors [20, 21-22]. Interactions between
APC and TP53 mutations are thought to be associated
with genomic instability and chromosomal aneuploidy,
which further contribute to cancer development [23,
24]. Thus far, many studies are ongoing that explore the
microenvironment of CRC and the associated molecular
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mechanisms, particularly APC, KRAS, and TP53 gene
mutations, for selecting treatment strategies and deter-
mining disease prognosis [23—27]. However, very little is
known about the relationships between proteins (APC,
KRAS, and TP53) and the development and progression
of this disease. As survival rates for CRC patients depend
on the tumor stage, early detection of cancer and appro-
priate treatment are crucial. Studying the microenviron-
ment of CRC, gene mutations, and their products, as
well as revealing their relationships with inflammatory
markers, is vital [23-27]. Therefore, our study aimed to
explore the connection between APC, KRAS, and TP53
plasma levels and inflammatory markers and evaluate
their role in cancer progression and metastasis.

Materials and methods

The study population consisted of colorectal cancer
patients (40 patients in total: 16 women and 24 men) and
age matched healthy individuals (20 person). Data con-
cerning clinical status, treatment options and plasma/tis-
sue specimens were collected from 2022 to 2023 at the
Clinic of the National Center for Surgery—New Life. All
patients were new cases scheduled for surgical treatment
after diagnosis. Patients underwent surgical resection,
after which the tumor stage was assessed using tissue
histological analysis (T4-19; T3-16; T2-6). At the time
of tissue/blood collection, the patient had not received
any treatment, including radiation or chemotherapy. The
medical history of the patients was evaluated; a full panel
of laboratory tests, including the MLR, PLR, and NLR
indicators from the blood analysis; quantitative analysis
of the APC, KRAS, and P53 proteins; and examination of
KRAS point mutations by real-time PCR.

The study was conducted at the Vladimir Bakhutas-
hvili Institute of Biotechnology of Thbilisi State Medi-
cal University and the Department of Genetics of Ivane
Javakhishvili Tbilisi State University. Each individual’s
participation was voluntary. The informed consent form
was taken from all the participants.

Tissue samples: This study included tissue samples
from 40 patients. Immediately after collection, the tis-
sue was fixed in formalin and embedded in paraffin
blocks (FFPE). First, the tissue was stained for histologi-
cal examination, and the tumor stage was assessed; then,
DNA was extracted from the paraffin blocks to detect
KRAS mutations.

DNA extraction

According to the manufacturer’s protocol, genomic DNA
was extracted from paraffin blocks (Quick-DNA Mini-
prep Plus Kit, Zymo Research, California). A total of
750 pl of xylene was added to the samples, which were
incubated at room temperature for one hour. The sam-
ples were subsequently washed three times in different
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ethanol concentrations (100%, 95%, and 75%) and finally
with 1 ml of ddiH2O. The appropriate proteinase K mix-
ture was prepared for the deparaffinized sample and
incubated overnight at 55 °C (12-16 h) and then at 94 °C
for —20 min, followed by centrifugation, washing three
times, and obtaining the desired DNA. The DNA concen-
tration was measured via a Qubit® 3.0 fluorometer.

Real-time PCR was used to assess mutations in the
KRAS gene via the Quant Studio real-time PCR system
(codons -12, 13, 59, 61, 117, and 146). PCR was per-
formed according to the protocol provided by the manu-
facturer (EasyO KRAS, Italy).

ELISA

For the quantitative evaluation of the APC, KRAS, and
P53 proteins in blood plasma, an immunoenzymatic
method was used. The experiment was performed
according to the protocol provided by the manufac-
turer (KRAS-AABIN6962518 GTPase KRAS (KRAS)
ELISA Kit, P53-Tumor Protein P53 (TP53) ELISA Kit,
APC-Adenomatous Polyposis Coli (APC) ELISA Kit,
Mybiosource, Southern California, San Diego (USA).
The results were measured at 450 nm using Synergy H1
Multi-Mode Microplate Reader (Biotek, USA). Lower
Limit of Detection (LLD) was defined as the lowest pro-
tein concentration that could be differentiated from zero.
Thus, the detection limit of The minimum detectable
dose of human P53 was less than 2.34 pg/ml, for KRAS-
10pg/ml and for APC - less than 0.003 ng/mL. The range
of detection for APC 0.01-10ng/mL, For TP53 9.38 pg/
ml-600 pg/ml, for KRAS— 62.5 pg/ml- 2000pg/ml. The
samples were analyzed in duplicate and the coefficient of
variation (CV) did not exceed 5% (KRAS, TP53) and 10%
(APC). The intra-assay variability for all studied cyto-
kines were less than 8% (KRAS, TP53) and 12% (APC).

Statistical analysis

Statistical analyses were performed by Prism version
6 (GraphPad Software, Inc.). The analytical strategy
included the following main steps: (1) descriptive sta-
tistics and (2) identification of statistically independent
groups (factors) of dependent variables. The normal dis-
tributions of the studied parameters were assessed via the
Kolmogorov-Smirnov and Lilliefors normality tests. A
study of the properties of the characteristic distribution
of the studied molecules revealed that some quantities
deviated from the normal distribution. To ensure that
specific rare observations were not excluded, we used >4
SDs as the range criterion. Initial values are presented as
the means, standard deviations, minimums, and maxi-
mums. One-way ANOVA was used to determine the
significance of differences between patients and healthy
controls. A p value of 0.05 or less was considered statisti-
cally significant for all analyses.
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Table 1 The baseline characteristics (mean +std. dev.) of the
studied traits according to sex

Pa- Mean £ Std.Dev.

ram-  Total (n=40) Men Women p
eters

Age 64,68+10,45 63,50+9,54 6557+11,24 0.23
Weight 66,65+6,45 62,44+6,61 69,86+4,13 0,01
BMI 22,78+1,97 16,00+ 2,56 21,00+1,36 0,27
MLR 1,12+1,38 137+161 093+1,18 034
PLR 30,07+27,83 41,79+37,50 21,15+12,07 0,02
NLR 590+6,28 709+7,14 500+5,54 0,32

KRAS ~ 5634,81+304844 5179,13+£2186,63 5398,54+2516,03 0,73
APC 322,83+£367,13  34948+411,09  297,10+32436 0,59
Tp53  57448+936,95  29570+42332  44744+104748 048

BMI, bone mass index; MLR, monocyte/lymphocyte ratio; NLR, neutrophil/
lymphocyte ratio; PLR, platelet/lymphocyte ratio; NS, not significant; TP53,
tumor suppressor protein; APC, adenomatous polyposis coli; KRAS, K-Ras
protein

Table 2 Changes in inflammatory indices according to health
status (0 - healthy) and tumor stage (2, 3, or 4)

Parameters Mean + Std.Dev.

Healthy (n=20) Patients (n=40) p
MLR 0,174+0,058 1,120+1,378 0,003
PLR 7,868+2,026 30,074+27827 0,001
NLR 1,745+0,562 5903+6,277 0,004

MLR- monocyte/lymphocyte ratio, NLR- neutrophil/lymphocyte ratio, PLR-
platelet/lymphocyte ratio. All differences were statistically significant (p <0.01)

Results

First, descriptive statistics of the studied parameters were
performed, and each parameter was scanned according
to sex and age. As shown in Table 1, no significant differ-
ences between the studied molecules and anthropomet-
ric parameters were detected by sex. However, there is a
tendency for inflammatory indices to be slightly greater
than those in women.

In the next step, we compared inflammatory indi-
ces (MLR, PLR and NLR) between healthy controls and
colorectal cancer patients. All three parameters (MLR,
PLR and NLR) are significantly higher in cancer patients
than in healthy individuals, which indicates a strong
inflammatory condition in patients and can be used as a
marker of disease progression. A statistically significant
difference (p<0.05) in all indicators emphasized the reli-
ability of using ratios in clinical evaluations (Table 2).

A statistically significant difference was also
found in the protein level of p53 between patients
(574,48 £936,95) and the healthy population (<156,25
pg/ml, p=0.008). Elevated levels of p53 protein indicate
p53 gene activation and involvement in tumor develop-
ment (Fig. 1). Moreover, the KRAS and APC protein lev-
els did not differ from those in healthy individuals.

Additionally, to reveal the relationships between dif-
ferent clinical features and molecular parameters, sev-
eral KRAS mutations—G12S, G12C, G13D, A59x, Q61x,
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Fig. 1 Changes in the plasma levels of the supressor (KRAS, TP53) and APC proteins according to stage. TP53 - tumor suppressor protein, APC - adeno-

matous polyposis coli; KRAS - K-Ras protein

Table 3 The studied traits (mean + standard deviation) were
compared between K-ras mutation (G12V+) and nonmutation
(G12V-) CRC patients

Parameter Group 1 (G12V+) Group 2 (G12V-) P
(n=14) (n=26) Value
Age (years) 68.000+6.633 57.000+14.758 0,063
Height (m) 1.704+0.059 1.699+0.081 0,459
Weight (kg) 66.857+6.793 64.455+8.092 0,693
BMI 23.042+2410 22.279+1.784 0,382
MLR 1.193+1.381 1403+1.753 0,579
PLR 17.816+11.106 38.645+37.283 0.008
NLR 7.228+7.227 7.079+7.824 0,968
KRAS 4980.273+£1744.167  4192.091+1756.193 0,125
TP53 771.107 £826.763 550.519+481.807 0,073
APC 458.771+460.597 430.754+441.818 0,899

BMI - bone mass index; MLR - monocyte/lymphocyte ratio; NLR - neutrophil/
lymphocyte ratio; PLR - platelet/lymphocyte ratio; NS, not significant; TP53 -
tumor suppressor protein; APC - adenomatous polyposis coli; KRAS, K-Ras
protein

K117x, and A146x—were evaluated in the tissue mate-
rial of the examined patients (20 samples). Among them,
the most frequent G12V mutation was detected in 14
patients: 10 patients, stage T4; two patients, stage T3;
and two patients, stage T2. Notably, two patients with the
G12V mutation (30 and 26 years old, stage T4 and T2,
respectively) died shortly after surgery.

The levels of inflammatory markers, as well as the con-
centrations of the APC, K-ras and P53 proteins, were
subsequently evaluated in mutated (G12V) and nonmu-
tated individuals (Table 3).

As shown in Table 3, the presence of the G12V muta-
tion led to a higher PLR than did the absence of the muta-
tion (38.645 vs. 17.816; p <0.01). However, no statistically
significant differences in other parameters, including age,
height, weight, BMI, MLR, NLR, TP53, and APC, were
detected between the two groups. Additionally, there
were no significant changes in the KRAS protein level in
patients with KRAS gene mutations.

Finally, correlation analysis was performed between
the plasma levels of inflammatory indices (MLR, PLR,
and NLR) and cancer suppressor/activator molecules
(KRAS, TP53, and APC). According to the results of the
correlation analysis, inflammatory indices are intercon-
nected. For example, the MLR is associated with the NLR
(r=0.832, p<0.01) and the PLR (r=0.492, p <0.05). Nota-
bly, the PLR was also strongly negatively correlated with
the APC (r = -0.601, p<0.01), indicating that the PLR is
inversely related to APC expression and/or activity. A
moderate negative correlation was found between the
PLR and TP53 (r = -0.352, p<0.05), indicating a relation-
ship between inflammatory indices and tumor suppres-
sor genes. Moreover, KRAS, which represents mutations
of the KRAS gene, shows only weak or moderate associa-
tions with other variables. The moderate negative corre-
lation of KRAS with TP53 (r = -0.468, p<0.05) suggests
a possible inverse interaction between KRAS muta-
tions and TP53 activity, which may be crucial in cancer
development.
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Discussion
Colorectal cancer is a complex multifactorial disease, and
many different factors are involved in its development.
Studying the molecular mechanism of both the cancer
microenvironment and the inflammatory indices associ-
ated with tumor onset is important [28, 29-30]. There-
fore, our research focused on clarifying these issues.
First, we revealed statistically greater inflammatory
ratios (MLR, NLR, and PLR) in patients than in healthy
individuals. Although some variations were observed by
sex—males had higher values than females did, statisti-
cally significant differences were not observed. In addi-
tion, when the inflammatory marker PLR was studied,
high levels were associated with the stage of the tumor.
Our results are in complete agreement with previous
works that reported that the serum platelet count is con-
sidered a prognostic factor in CRC, in particular, with the
findings of Gawinski et al., according to which colorectal
cancer patients with low NLRs and low PLRs had a good
prognosis and a better five-year survival (OS) rate [31,
32]. Thus, the determination of inflammatory markers is
important for assessing the stage and severity of the dis-
ease and can be a step forward in personalized medicine.
To reveal the link between the cancer microenviron-
ment and the immune system, simultaneous evaluation
of inflammatory indices and cancer-associated genes or
their synthesized products is necessary. Thus, we first
investigated the plasma levels of tumor suppressor pro-
teins (KRAS, P53) and APC in CRC patients [24, 33].
Previous studies have shown that tumor suppressor pro-
tein levels are associated with gene mutations, which
are mainly responsible for CRC metastatic progression
or treatment unresponsiveness [15, 34]. On the basis of
our findings, we revealed that the plasma level of TP53
is elevated in colorectal patients compared with healthy
individuals. Moreover, our data suggest that there is
a connection between p53 protein levels and disease
progression, as TP53 levels are increased, especially in
stage III-IV patients who die shortly after surgery [21,
35]. Additionally, p53 levels are much higher in stage II
patients, who relapse within a short period after surgery.
The p53 protein is rapidly degraded, with a half-life
of 6-20 min. Under physiological conditions, p53 is
degraded by ubiquitin-mediated proteolysis. The E3
ubiquitin-protein ligase Mdm2 (MDM2) protein is one
of the central enzymes that labels p53 with ubiquitin,
maintaining low expression of p53 under physiological
conditions. Under cellular stress, TP53 is activated, and
p53 is overexpressed to induce cell cycle arrest, apoptosis
and senescence. In addition to having direct implications
for cells, p53 affects the surrounding microenvironment,
controlling angiogenesis, cell migration and invasion.
These findings highlight p53 as a critical marker for
evaluating tumor stage and prognosis in patients with

Page 5 of 7

colorectal cancer [36, 37-38]. Based our result, we specu-
late that TP53 plays a key role in colorectal cancer (CRC)
progression by modulating inflammation and immune
responses. Its loss or mutation leads to increased pro-
inflammatory cytokines (IL-6, TNF-a, IL-1pB), foster-
ing chronic inflammation and tumor progression. TP53
inactivation also shifts macrophages toward an immune-
suppressive M2 phenotype, increases the neutrophil/
lymphocyte ratio (NLR), and enhances immune check-
point molecule expression (e.g., PD-L1), contributing to
immune evasion. Additionally, TP53 suppresses NF-«kB, a
major regulator of inflammatory pathways; its loss leads
to persistent inflammation and resistance to apoptosis.
Furthermore, mutant TP53 promotes tumor-derived
secretions, including cytokine-rich exosomes and angio-
genic factors (VEGE, HGF), supporting tumor growth
and immune escape. Targeting TP53-mediated inflam-
matory pathways, such as NF-kB or IL-6 inhibitors, could
offer new therapeutic strategies for CRC.

In contrast to TP53, no significant differences were
detected in the circulating levels of the KRAS and APC
proteins, which led us to study point mutations in the
KRAS gene more thoroughly. Consequently, in the next
step, several mutations (G12A, G12D, G12V, GI2R,
G12S, G12C, G13D, A59x, Q61x, K117x, and A146x)
were screened. Notably, the G12V mutation was detected
in 14 out of 20 patients, mostly at the T4 stage. Therefore,
patients have a poor prognosis and fatal outcomes. Our
results indicate that the value of the PLR is more than
two times greater in patients with a mutation.

While the other markers (MLR and NLR) did not show
significant differences between the groups with muta-
tions, the elevated levels of the tumor suppressor pro-
tein TP53 protein in individuals with the G12V mutation
may be have critical importance. The KRAS G12V muta-
tion, known to affect immune checkpoint proteins such
as PD-L1, plays a key role in immune surveillance and
tumor development [39]. Previous studies have shown
that KRAS-mutated cell lines exhibit increased PD-L1
activity and a positive correlation with immune response
mechanisms [39]. Additionally, mutations in TP53 and
KRAS activate specific markers associated with both
antitumor immunity and immune tolerance [19, 38].
The aggressive nature of tumors with the KRAS G12V
mutation is further supported by findings that these
cells tend to metastasize more readily compared to cells
with other KRAS mutations [40]. In cancers with TP53
mutations, particularly in combination with other onco-
genic mutations such as KRAS, the tumor microenviron-
ment becomes more immunosuppressive, with increased
PD-L1 expression on cancer cells. This helps the tumor
evade immune detection and promotes tumor progres-
sion. Therefore, taken together, these interactions suggest
a complex triangle relationship between PD-L1, TP53,
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and KRAS, which collectively contribute to shaping the
oncogenic and immunological landscape of colorectal
tumors. This interaction may help explain the particularly
aggressive phenotype observed in tumors with the KRAS
G12V mutation, which are more likely to metastasize and
exhibit a more immunosuppressive microenvironment
than tumors with other KRAS variants [40].

While the present findings provide valuable insights
into the roles of TP53 and KRAS mutations in the devel-
opment and progression of colorectal cancer (CRC), and
contribute meaningfully to the existing knowledge, sev-
eral limitations must be acknowledged. First, the rela-
tively small sample size—particularly within the KRAS
mutation subgroup—restricts the statistical power of
the analysis and limits the generalizability of the results.
Second, the absence of data on additional clinically
and molecularly relevant variables, such as microsatel-
lite instability (MSI) status, BRAF mutation status, and
tumor anatomical location, hinders a more compre-
hensive stratification of the study population. Third, the
cross-sectional design of the study precludes the estab-
lishment of causal relationships between inflammatory
biomarkers and the expression of TP53 and APC. Finally,
the lack of longitudinal follow-up data prevents an evalu-
ation of the prognostic significance of TP53 expression
and inflammation-related indices over time.

To address these limitations, future research should
incorporate multi-omics approaches, larger and more
diverse patient cohorts, and prospective longitudinal
designs. In particular, functional studies investigating the
effects of TP53 and APC mutations on the modulation of
the tumor immune microenvironment may yield crucial
insights into the mechanisms underlying immune eva-
sion in CRC.

Conclusions

In conclusion, the PLR and TP53 levels were significantly
greater in CRC patients than in healthy individuals.
Additionally, the correlations among the inflammatory
indices (MLR, NLR, and PLR) and between the PLR and
the APC were statistically significant. Our findings reveal
that inflammatory indices such as the MLR, PLR, and
NLR are linked to TP53 and APC plasma levels and offer
new insights into their role in the development and pro-
gression of CRC.

Abbreviations

APC adenomatous polyposis coli
BMI bone mass index

CRC Colorectal cancer

KRAS  K-Ras protein

MLR monocyte/lymphocyte ratio
NLR neutrophil/lymphocyte ratio
PLR platelet/lymphocyte ratio
NS not significant

TP53  tumor suppressor protein
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