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Abstract

Among all cancer types, colorectal cancer is the third most common in men and the second most common in women globally.
Generally, the risk of colorectal cancer increases with age, and colorectal cancer is modulated by various genetic alterations.
Alterations in the immune response serve a significant role in the development of colorectal cancer. In primary cancer types,
immune cells express a variety of inhibitory molecules that dampen the immune response against tumor cells. Additionally, few
reports have demonstrated that classical chemotherapy promotes the immunosuppressive microenvironment in both tissues and
immune cells. This study assessed the expression levels of genes using RT-qPCR associated with the immune system, including
interferon-y, programmed death-1, B2-microglobulin, human leukocyte antigen-A, CD3e, CD28 and intracellular adhesion
molecule 1, in patients with colorectal cancer, as these genes are known to serve important roles in immune regulation during
cancer incidence. Gene expression analysis was performed with the whole blood cells of patients with colorectal cancer and healthy
volunteers. Compared with the normal controls, programmed death- | was highly expressed in patients with advanced-stage col-
orectal cancer. Furthermore, the expression of programmed death-1 was higher in patients receiving adjuvant therapy, which
suggests the therapy dampened the immune response against tumor cells. The results of the present study indicate that classical
adjuvant therapies, which are currently used for patients with colorectal cancer, should be modulated, and a combination of classical
therapy with anti-programmed death- | antibody should be conducted for improved management of patients with colorectal cancer.

Keywords
colorectal cancer, adjuvant therapy, immune suppression, circulating cells, programmed death-|

Abbreviations

B2 M, beta2-microglobulin; CD4+, Helper T cell; CD8+, Cytotoxic T cell; HDI, Human development index; HLA-A, Human
leukocyte antigen-A; cDNA, Complementary DNA; CRC, Colorectal cancer; ICAMI, Intracellular adhesion molecule [; IFNYy,
including interferon-y; mAbs, monoclonal antibodies; MSI, Microsatellite Instable; MSS, Microsatellite Stable; PD-1, Programmed
death-|; PDL-1, Programmed death ligand-1; RPLI I, Ribosomal Protein LI 1.

Received: April 10, 2020; Revised: August 30, 2020; Accepted: September 18, 2020.

"Life Science and Environment Research Institute, King Abdulaziz City for
Science and Technology, Riyadh, Saudi Arabia

2 Cancer Metabolism and Epigenetic Unit, Department of Bio-
chemistry, Faculty of Science, King Abdulaziz University, Jeddah, Saudi
Arabia

3 Cancer and Mutagenesis Unit, King Fahd Medical Research Center, King
Abdulaziz University, Jeddah, Saudi Arabia

* Department of Oncology, Faculty of Medicine and Dentistry, University of
Alberta, Edmonton AB, Canada

® Department of Basic Medical Sciences, College of Medicine and Health
Sciences, Hadhramout University, Mukalla, Yemen

¢ Department of Applied Biochemistry, Faculty of Sciences, University of
Jeddah, Jeddah, Saudi Arabia

Corresponding Author:

Hani Choudhry, Department of Biochemistry, Faculty of Science, King
Abdulaziz University, Jeddah 21589, Saudi Arabia.

Email: hchoudhry@kau.edu.sa

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-1346-355X
https://orcid.org/0000-0003-1346-355X
mailto:hchoudhry@kau.edu.sa
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1533033820969446
http://journals.sagepub.com/home/tct

Technology in Cancer Research & Treatment

Table 1. Primers Used for the Analysis of Immune System-Associated Genes by Reverse Transcription-Quantitative PCR.

Gene Forward Sequence (5°-37) Reverse Sequence (57-37)

IFNy GAGTGTGGAGACCATCAAGGA CAGTTCAGCCATCACTTGGA
PD-1 AAACCCTGGTGGTTGGTGT TTCTCTCGCCACTGGAAATC
g2 M GTGCTCGCGCTACTCTCTCT GTCAACTTCAATGTCGGATGG
CD3e GGAGCAAGAATAGAAAGGCCA TCAGGCCAGAATACAGGTCC
CD28 CGGACCTTCTAAGCCCTTTT ATAGGGCTGGTAATGCTTGC
HLA-A GAGTGGCTCCGCAGATACC CCAAAGAGAACTAGGCCAGC
ICAM1 AACCTCAGCCTCGCTATGG GATGACTTTTGAGGGGGACA

IFNY, interferon-y; PD-1, programmed death-1; B2 M, f2-microglobulin; HLA-A, human leukocyte antigen-A; ICAMI, intracellular adhesion molecule 1.

Introduction

Colorectal cancer (CRC) is the third most common cause of
cancer and cancer-associated mortality worldwide.' The CRC
incidence rate is rapidly increasing in countries with a
medium to high human development index (HDI), such as
countries in Asia, Eastern Europe, and South America. While
the mortality rate is declining in very high HDI countries,
such as Australia, and Northern America and Western Eur-
opean countries.” CRC affects both men and women with
746, 000, and 614,000 cases reported per year, respectively.’
Data collected from the Saudi Cancer Registry revealed that
CRC has been the most commonly diagnosed malignancy
among men and the third most common among women in
Saudi Arabia since 2002.*

The survival rate for patients with CRC varies depending on
the stage of the tumor growth; the rate is 90% for a localized
tumor and <15% for an advanced metastatic tumor.>® The
incidence of CRC increases with age; it can be detected in
young individuals but increases dramatically in individuals
>50 years old. Lifestyle habits, including smoking, poor diet,
obesity, and heavy alcohol consumption, have all been reported
to increase the risk of CRC.’

It is well understood that the host’s immune cells can detect
and eliminate tumors, which relies on the recognition and elim-
ination of newly formed cancer cells in a process termed immu-
nosurveillance.® The understanding of the association between
the immune system and cancer cells has encouraged research-
ers worldwide to develop novel vaccines that boost the
patients’ own immune cells to specifically kill cancer cells.’
Immunotherapeutic strategies include administering monoclo-
nal antibodies (mAbs), which stimulate CD8™ T cells or block
immune checkpoint inhibitors, injecting cytokines, peptide-
based vaccines, and adoptive cell therapy of ex vivo activated
T and natural killer cells.'®'? Although conventional cancer
therapies, such as chemotherapy and radiotherapy, are com-
monly used to treat CRC, immunotherapy is emerging as an
alternative powerful approach for treating advanced CRC.
Some of these approaches are now in stage I-III clinical
trials."*'> The present study aimed to systemically examine
RNA expression levels of selected immune system-associated
genes in the whole blood, evaluate the associations with CRC
progression, and find a biomarker for clinical use.

Materials and Methods
Patients and Blood Samples

The present study involved 84 male and female volunteers
aged between 40 and 70 years. The patients with CRC (n =
50) consisted of 39 males and 11 females. The healthy control
individuals (n = 34) included 23 males and 11 females. Sam-
ples were collected from King Abdulaziz University Hospital,
and other hospitals from Jeddah, Saudi Arabia. For RNA
extraction, 2 ml whole blood was collected in EDTA vacutai-
ner tubes. The purpose of the research was explained and
written informed consent was obtained from all individuals
involved in the study. The General Directorate of Health
Affairs in Jeddah approved this study, as did the unit of Bio-
medical Ethics at the Faculty of Medicine, King Abdulaziz
University.

RNA Extraction and Complementary DNA (cDNA)
Synthesis

RNA was extracted from the whole blood sample using the
QIAamp RNA Blood Mini kit (Qiagen GmbH, Hilden, Ger-
many; cat. no. 52304). Then, cDNA was synthesized from
highly purified extracted RNA samples (300 ng, after normal-
izing with nuclease-free H,O) using a high capacity cDNA
reverse transcription kit (Thermo Fisher Scientific, Inc., Wal-
tham, MA, USA; cat. no. 4368814). RNAse inhibitor (Thermo
Fisher Scientific, Inc.; cat. no. N8080119) was used with the
cDNA reagent to prevent the degradation of RNA.

Primers Design

Primers for the qPCR reaction were designed to measure the
expression levels of genes associated with the immune system.
The primer sequences of the genes were obtained using the
USCS browser (https://genome.ucsc.edu/index.html). mRNA
sequences (only exons) were selected and primers were
designed (Table 1) using the Primer3web tool (http://primer3.
ut.ee/) after confirming all primer characteristics. Moreover,
the sequences of the primers were confirmed in (in silico PCR)
using the USCS browser.
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Figure 1. Relative expression levels of 7 immune system-associated genes in CRC patients compared with healthy controls, as analyzed by RT-
qPCR and values are expressed as fold change. (A) IFNy was significantly upregulated in patients with stage I (P = 0.004), III (P = 0.009) and
IV (P = 0.01) CRC. (B) PD-1 was significantly upregulated in patients with stage IV CRC. (C) No significant difference was identified in the
expression of B2 M. (D) CD3e was downregulated in patients with stage II CRC. No significant differences were identified in the expression
levels of (E) CD28, (F) HLA-A and (G) ICAM1. ***P<0.01; CRC, colorectal cancer; RT-qPCR, reverse transcription-quantitative PCR; IFNy,
interferon-y; PD-1, programmed death-1; B2 M, B2-microglobulin; HLA-A, human leukocyte antigen-A; ICAMI, intracellular adhesion

molecule 1.

Optimization of Immune Genes

The optimization experiments were performed using cDNAs of
30 subjects (20 patients with CRC and 10 controls) to check the
quality, the design of primers, and qPCR conditions. After
checking the melting curves for the 10 primers, 3 primers were
excluded (CD273, CD274, and CTLA4) as they exhibited a
primer-dimer or >1 PCR product. Subsequently, the gPCR
experiments were performed with the 7 genes (n = 84), as they
demonstrated a high quality during the optimization experi-
ments. RPL11 was used as a housekeeping gene to calculate
and normalize the relative expression fold change for the target
genes using DDCT method.

qPCR

For qPCR, 2(-Delta Delta C(T) method was followed.'® Uni-
versal 2X PowerUp™ SYBR™ Green Master mix (cat. no.
A25741; Thermo Fisher Scientific, Inc.) was used for the gPCR
experiments, according to the manufacturer’s protocol. To per-
form qPCR, 10 pL SYBR Green master mix, 8l nuclease-free
water, 1pL specific (both the forward and reverse) primer and
1uL ¢cDNA were mixed together to create a final volume of
20 pL/well. Bio-Rad CFX Connect™ Real-Time PCR Detec-
tion system was used to perform the reaction. The appropriate
volume of reaction was transferred to the optical plate and
sealed using an adhesive cover. The applied thermal cycler
condition settings were dependent on the primer melting tem-
perature, which was <60°C for all primers used in the study.
REST 2009 software (QIAGEN, version 1) was used for the
analysis of RT-qPCR gene expression data.

Statistical Analysis

A 2-tailed P < 0.05 was considered to indicate a statistically
significant difference. Statistical analysis of the data was per-
formed using GraphPad Prism (version 6; GraphPad Software,
Inc., La Jolla, CA, USA) and graphically represented. Data are
presented as the mean + standard error of the mean. Mann-
Whitney U test was used to compare the differences between 2
non-parametric groups.

Results

Expression of Immune System-Associated Genes
in Patients With Different Stages of CRC

The present study selected 7 genes (Table SI) that are known to
serve a key role in immune regulation in cancer, including
interferon-y (IFNy), programmed death-1 (PD-1), B2-
microglobulin (B2 M), human leukocyte antigen-A (HLA-A),
CD3e, CD28 and intracellular adhesion molecule 1 (ICAM1).
A whole blood sample was collected from patients with differ-
ent stages of CRC and analyzed for gene expression. There was
no significant difference in CD28, HLA-A, ICAM-1, and B2 M
gene expression (Figure 1). CD3e expression was similar in
tumor stages I, III, and IV (Figure 1). However, CD3e gene
expression was markedly lower in patients with stage II CRC
compared with the other stages (Figure 1). IFNy gene expres-
sion was variable between the groups, with remarkable higher
expression in patients with stage I, III, and IV compared with
the control group (Figure 1). A lower level of IFNy gene
expression was detected in the samples obtained from patients
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Figure 2. Comparison of PD-1 expression in patients with CRC with different characteristics by RT-qPCR. Values are expressed as fold change.
No significant differences were identified in the relative expression of PD-1 in (A) patients with and without obesity, (B) patients with and
without diabetes or hypertension, and (C) non-smokers and smokers. ***P<0.01; NS, not significant. PD-1, programmed death-1; CRC,

colorectal cancer; RT-qPCR, reverse transcription-quantitative PCR.

with stage II CRC compared with other stages (Figure 1).
Notably, the level of PD-1 expression was associated with
tumor stage. PD-1 gene expression was significantly increased
in stage IV compared with stages II and III (Figure 1).

PD-1 Expression Is Not Associated With Obesity,
Hypertension or Diabetes

PD-1/programmed death ligand-1 (PD-L1) interaction serves a
major role in immune evasion'’; therefore, the present study
further investigated the correlation of PD-1 gene expression
level with obesity, hypertension, and diabetes in patients with
CRC. The results demonstrated that obesity was not associated
with PD-1 expression. Both obese and non-obese patients
expressed similar levels of PD-1 gene expression (Figure 2).
Hypertension and diabetes were also not associated with PD-1
expression. Patients with CRC with hypertension and diabetes
exhibited a similar pattern of PD-1 gene expression to patients
without hypertension and diabetes (Figure 2). By contrast, PD-
1 expression was higher, although insignificantly, in smokers
compared with non-smokers (Figure 2).

PD-1 Expression Increases During Therapy

Next, the present study assessed PD-1 gene expression in CRC
patients receiving anticancer drugs (Table 2) and compared it
with untreated patients. The results revealed that PD-1

expressed was significantly higher in patients receiving treat-
ment compared with untreated patients (P<0.01; Figure 3).

Correlation of Clinical Parameters With PD-1 Expression
in Patients With CRC

The current study selected a total of 50 patients with CRC
according to the inclusion criteria (Table 2). Among all
selected patients, 78% were male and 22% were female. In
addition, 36% of patients had a history of smoking and 64%
did not. In 88% of the patients, the primary location of cancer
was the colon, and in the remaining 12%, the primary location
was the rectum. Furthermore, 52% of the patients had no his-
tory of other diseases and 48% of the patients had a history of at
least one other disease, such as diabetes, hypertension, aller-
gies, thyroid dysfunction, and osteoporosis. Comparisons
between physical characteristics of the patients with CRC and
the controls were performed, and the results analyzed by a t-test
revealed that there was a significant difference in age between
the patients and controls (P = 0.022). In addition, weight (P =
0.002) and BMI (P = 0.001) demonstrated a significant differ-
ence between the 2 groups. However, there was no significant
difference in height and waist/hip ratio (Table 3).

Discussion

Colorectal cancer is one of the leading causes of cancer-
associated mortality worldwide. Despite advances in medical
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Table 2. Patient Pathophysiological Characteristics.

Number of patients

Characteristic (n = 50)

Sex, male: female (%)
Age, mean (range)
Primary location, colon: rectum (%)
Smoking, yes: no (%)
Colorectal cancer stage
0
I
ITA
IIB
I1C
1A
1B
IC
IVA
IVB
vc
Medical history
Diabetes
Hypertension
Hypertension-diabetes
Allergy
Hypertension-allergy
Thyroid dysfunction
Osteoporosis
Other
None
Anticancer therapy
Xelox
Folfox
Folfiri
Xeloda
Xeloda, Xelox 1
Xeloda, Xeliri
Xeloda, Xelox, Xeliri
Xeloda, Xelox, Bevacizumab
Xeloda, Xelox, Xeliri, Bevacizumab
Xeloda, Xelox, Xeliri, Bevacizumab, Folfox
Xeloda, Xelox, Xeliri, Bevacizumab, Folfiri
Xelox, Regorafenib, Folfiri
CRT, Xelox
CRT, Xeloda
Other
None

39 (78):11 (22)
56.94 (36-85)
44 (88):6 (12)
18 (36):32 (64)
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technologies, the survival rate for patients with advanced CRC
remains low. The interaction between PD-1 on activated T cells
with its ligands PD-L1/L2 leads to T cell exhaustion. Different
tumor cells, including CRC cells, have been reported to express
PD-L1 as a major mechanism to escape immune destruction.'®2°
To overcome this obstacle, mAbs have been developed to
interfere with the PD-1/PD-L1 signaling pathway and restore
antigen-specific CD8' T cell proliferation and effector func-
tions.!” Certain mAb-based drugs, including nivolumab and
pembrolizumab, were approved by the Food and Drug Admin-
istration in 2014.2' However, the outcome following treatment
with these drugs is variable among patients. A recent study by

H Early CRC patients without adjuvant therapy
I Advanced CRC patients with adjuvant therapy

*kk
|

= N @ & O

PD-1 mRNA expression fold
o

Figure 3. Comparison of PD-1 expression in patients with advanced
CRC with and without adjuvant therapy by RT-qPCR. Values are
expressed as fold change. PD-1 expression was significantly higher in
patients with advanced CRC during adjuvant therapy compared with
patients without adjuvant therapy. ***P<0.01. PD-1, programmed
death-1; CRC, colorectal cancer; RT-qPCR, reverse transcription-
quantitative PCR.

Table 3. Comparison of Patient and Control Groups Regarding Phys-
ical Characteristics (***p < 0.01; **p < 0.02; *p < 0.03).

Characteristic Controls (n = 34) Patients (n = 50) P-value
Age, years 51.85 + 1.57 56.94 + 1.76 0.02%**
Height, cm 165.55 + 141 166.1 + 1.32 0.40
Weight, kg 85.26 + 2.51 75.78 + 2.08 0.00***
BMI, kg/m2 313 + 1.06 27.54 + 0.74 0.00%**
Waist/Hip ratio 0.97 + 0.02 091 + 0.02 0.03

Kallergi et al**demonstrated that high levels of PD-L1" circu-
lating tumor cells in patients with advanced non-small cell lung
cancer before treatment resulted in poor clinical outcomes. Sim-
ilar results were observed by Guibert er al.>® Several studies
have reported that sensitive detection of PD-L1 expression in
circulating or epithelial tumor cells could be a potential strategy
to select patients eligible for treatment with anti-PD-1/L1 anti-
bodies in early and late tumor stages.>*>

Previous studies have confirmed the expression of PD-L1 on
circulating tumor cells, including head and neck, non-small cell
lung cancer, and breast cancer cells26'28; however, to the best of
our knowledge, PD-1 expression on circulating CRC cells
remains to be investigated.

The present study is the first clinicopathological study to
investigate the expression of PD-1 in patients with solid CRC
tumors using whole blood samples and RT-qPCR. It was
revealed that PD-1 expression was associated with tumor stage.
A significantly higher mRNA expression level was detected in
patients with stage IV CRC compared with earlier stages (Fig-
ure 3). This could be due to a higher number of activated
lymphocytes expressing PD-1 receptor in the tumor and circu-
lation. The correlation between a high lymphocyte number and
the stage of the tumor was reported by Matkowski et a/*° in a
breast cancer model; their data showed that a higher number of
tumor-infiltrating CD4" and CD8™' T cells in breast cancer
resulted in a worse cancer-specific overall survival compared
with patients with a lower number of tumor-infiltrating lym-
phocytes. The ligation of PD-L1 on tumor cells with PD-1 co-
inhibitory receptor on tumor antigen-specific T cells inhibits
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effector functions, which allows tumor cells to grow more
rapidly. This may explain the correlation between higher PD-
1 expression in patients with late-stage CRC and the tumor size
from this study and opens a window to potential biomarkers.

Notably, factors, including obesity, smoking, and hyperten-
sion, were not associated with PD-1 expression in the blood of
patients with CRC (Figure 2). The expression level of PD-1
was almost identical in obese and non-obese CRC patients and
similar results were shown for patients with and without dia-
betes and hypertension (Figure 2). These results indicated that
obesity and hypertension may not influence the expression
level of PD-1. However, examining PD-1 expression in
tumor-infiltrating lymphocytes in these populations, having
obesity and hypertension may be required before any conclu-
sions can be made. By contrast, higher PD-1 expression was
detected in smokers compared with non-smokers (Figure 2).
Further studies may be required to verify the effect of smoking
on the expression level of PD-1.

This is a pilot study. Even though the finding of this study is
significant, there are still some limitations. Firstly, this is an
investigation on CRC patients, and due to the unavailability of
MSI/MSS status, their correlation with the relative expression
profile of these immune genes is absent. Furthermore, the inad-
equate sample size may affect the accuracy of the results to
some extent and make some confounding bias. Future studies
will require to separate the cells from whole blood and look at
the expression level of this biomarker in different cell types
using other methods (e.g., high dimensional flow cytometry,
deep RNA profiling by RNAseq, and mass cytometry). Hence,
the outcomes of this study need further validation in a larger
cohort.
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