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Abstract

Objective: To evaluate the expression of retinoid-related orphan receptor gamma (RORc) and
its potential role in the prognosis of colon cancer.

Methods: The Cancer Genome Atlas and GSE117606 were used to evaluate to RORc levels in
colon cancer, and real-time quantitative polymerase chain reaction was applied for validation.

UALCAN and MEXPRESS were used to analyze the associations of RORc expression with clinical
parameters. The survival analysis was conducted in GEPIA.

Results: RORc expression was significantly lower in colon tumors than in adjacent normal

mucosa tissues. RORc expression was significantly associated with tumor stage, lymph node

metastasis, and liver metastasis. The area under the curve for diagnosis was 0.71. Decreased

RORc expression was positively correlated with the incidence of lymphatic invasion, microsat-

ellite instability, the presence of residual tumor, venous invasion, and copy number variation.

Overall survival was longer in patients with higher RORc expression, especially those with

microsatellite instability-high features. Methylation analysis revealed that hypermethylation of

the RORc promoter was associated with the colon cancer stage.

Conclusions: RORc downregulation could be a potential biomarker for colon cancer, especially

for predicting prognosis. Decreased RORc expression in colon tumor may be associated with

promoter hypermethylation.
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Introduction

Colon cancer is a dangerous malignant
tumor with high mortality rates.1 In recent

years, changes in living habits, aging of the

population, and other factors have contrib-
uted to an increased incidence of colon

cancer.2 According to the treatment guide-

lines for colon cancer, surgery, chemother-

apy, radiotherapy, targeted therapy, and
combined therapy are the common treat-

ment strategies for prolonging survival in

patients with colon cancer.3,4 However,

colon cancer is the second-leading cause of
cancer-related death according to the cancer

statistics of 2020.1 Clinical data indicate that

metastasis and drug resistance contribute
to the high mortality of colon cancer.5

Furthermore, because of the absence of

early symptoms, most patients with colon

cancer are diagnosed in the middle or
advanced stages, permitting little opportuni-

ty for radical surgery, and palliative treat-

ments are the most common approaches in
the clinic.6,7 Hence, novel therapeutic targets

and drug discovery have become hotspots in

the study of colon cancer.
Retinoid-related orphan receptor

gamma (RORc) is an orphan receptor that

is widely expressed in organs, including the

pancreas, liver, adipose tissues, and skeletal
muscles.8,9 RORct is a member of retinoid-

related orphan receptor (ROR) family,

which is involved in immune-related regula-

tion.10 The function of RORct includes the
regulation of thymocytes and development

of lymphoid organs.11 When RORct is defi-
cient, the peripheral mesenteric lymph
nodes and Peyer’s patches are disrupted,

suggesting that RORct is indispensable for
lymph node organogenesis.12 The transcrip-
tional axis involving Rel–RORc–RORct
signaling has been reported in the control
of Th17 cell function, and some potential
ligands have been revealed to regulate bio-
logical activities.13,14 In recent years, the
role of RORc in tumorigenesis has attracted
substantial attention. In some literature,
RORc acts as a tumor suppressor. Muscat
and co-authors reported RORc that expres-
sion is decreased in advanced breast can-
cers, and RORc could inhibit the TGFb
and MaSC pathways, which are activated
in cancers.15 Other researchers identified
that RORc ligands also function as anti-
tumor modulators in the inhibition of
migration and cell viability in breast
cancer and melanoma.16,17 However,
RORc was identified as an oncogene in
liver cancer, lung cancer, prostate cancer,
gastric cancer, cervical cancer, and multiple
myeloma.18–22 Some researchers also indi-
cated that RORc could exert pro-tumor
effects in breast cancer through regulating
LC3,15,23 suggesting that the function of
RORc varies among different cancers.

Relatively few studies have assessed
RORc expression and its underlying func-
tion in colon cancer. In this study, RORc
expression was fully studied to reveal its
possible role in the progression of colon
cancer. Moreover, the association between
methylation regulation and abnormal
RORc expression was also examined, and
the potential application of RORc in the
prediction of prognosis in patients with
colon cancer was discussed. The present
study aimed to clarify the expression of

2 Journal of International Medical Research



RORc and its potential importance in the

development of colon cancer.

Materials and methods

Reagents

TRIeasyTM Total RNA extraction reagent

(Cat. 10606ES60), DEPC-treated water

(DNase- and RNase-free, Cat. 10601ES76),

a HifairTM first-strand cDNA synthesis kit

(Cat. 11137ES60), and a qPCR SYBR

Green kit (Cat. 11203ES03) were purchased

from Yeasen Biotechnology (Shanghai,

China). The primers for qPCR were synthe-

sized by Sangon Biotechnology (Shanghai,

China). The primers targeted RORc (for-

ward: 50-CGTTTTGAGGAACACAGGC

A-30, reverse: 50-GAGAAGATGTTGGAG

CGCTG-30) and b-actin (forward: 50-CAT
CCGCAAAGACCTGTACG-30, reverse: 50-
CCTGCTTGCTGATCCACATC-30). Other

chemical reagents were of analytical purity

and acquired from Sigma-Aldrich (St.

Louis, MO, USA).

The Cancer Genome Atlas (TCGA)

analysis

The TCGA colon adenocarcinoma dataset

analysis was conducted in the UALCAN

portal,24 which is a comprehensive and

interactive web source for analyzing expres-

sion data. The adjacent normal mucosa tis-

sues were used as normal controls, and the

correlations with certain clinicopathological

features were examined according to RORc
expression, including tumor stage and

lymph node metastasis. Furthermore, the

epigenetic regulation of gene expression

via promoter methylation was also ana-

lyzed in this study.

Gene Expression Omnibus (GEO) analysis

Samples from the GSE117606 dataset were

analyzed in the GEO database using the

GEO2R portal. The gene expression plat-

form was GPL25373, the adjacent normal

mucosa tissues comprised the normal con-

trol group, and the resected tumor tissues

comprised the tumor disease group. The dis-

tribution of data for these samples was

checked. The data were subjected to log

transformation, and statistical analysis was

performed with adjustment for the P-value.

Human tissue collection

Clinical tissues including colon tumor tissues

and the corresponding adjacent normal

mucosa tissues were collected in the

Department of Colorectal and Anal

Surgery, the Affiliated Hospital of West

Anhui Health Vocational College (Lu’an,

China). This study was approved by the

Ethics Committee of the Affiliated Hospital

of West Anhui Health Vocational College

(Approval number: LEAY-2019-001). All

patients provided written informed consent.

Reverse transcription-quantitative PCR

(RT-qPCR)

The resected tissues were stored at �80�C,
and total RNA was extracted using RNA

extraction reagent (Yeasen Biotechnology,

Shanghai, China) according to the manu-

facturer’s instructions. Total RNA was

used as the template, and first-strand

cDNA was synthesized using the kit. The

collected cDNA was treated with gDNA

eraser to remove genomic DNA. The

cDNA was used as a template to analyze

the mRNA levels of the indicated genes

using a qPCR SYBR kit according to the

instruction of the manual. ROX was includ-

ed in the reaction as an internal control.

The melting curve was conducted to con-

firm the specific primer as indicated previ-

ously.25 b-actin was used as a housekeeping

gene to quantify the relative RORc mRNA

expression.
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Receiver operating characteristic (ROC)
analysis

ROC analysis is a common method for eval-
uating potential diagnostic biomarkers.26

Thirty patients were included in the analysis.
Colon tumor tissues comprised the patient
group, and the corresponding adjacent
normal tissues comprised the control
group. The Clopper–Pearson method was
used for analysis with 95% confidence inter-
vals (CIs). The area under the curve (AUC)
was used to identify the efficiency of the
indicated gene as a diagnostic biomarker.
The Youden index was used as cutoff for
predicting the positive (PPV) and negative
predictive value (NPV).27

Overall survival (OS) analysis

The survival analysis based on the expres-
sion levels of RORc was conducted in the
GEPIA2 portal,28 with RORc expression
divided into quartiles. The highest cutoff
was set at 75%, and the lowest cutoff was
set at 25%. The results were reported
as hazard ratios (HRs) and 95% CIs.

The log-rank P-value was used to assess sig-

nificant differences. Data were analyzed

using the Kaplan–Meier method.

Statistical analysis

Data analysis was conducted using

GraphPad 8.0 version software (GraphPad,

San Diego, CA, USA). Differences between

the two groups were analyzed using

Student’s t-test. Pearson’s correlation analy-

sis was used to assess correlations between

variables. The log-rank test was used to ana-

lyze survival data. Significance was indicated

by P< 0.05.

Results

Decreased expression of RORc in colon

cancer

As presented in Figure 1a, RORc mRNA

expression was significantly lower in colon

tumor tissues than in adjacent normal

mucosa tissues (P< 0.001). Compared with

the findings in the corresponding adjacent

Figure 1. RORc expression was decreased in colon tumor tissue in datasets from TCGA and GEO. (a) The
TCGA-COAD was used to compare RORc expression between adjacent normal mucosa and tumor tissues.
(b) GSE117606 from the GEO database was used to examine the mRNA expression of RORc in primary
colon tumors and corresponding normal mucosa tissues. **P< 0.01, ***P< 0.001 vs. adjacent normal
mucosa tissues (Student’s t-test).
RORc, retinoid-related orphan receptor gamma; TCGA, The Cancer Genome Atlas: GEO, Gene Expression
Omnibus; COAD, colon adenocarcinoma dataset.
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normal mucosa tissues collected from the

same patients, RORc expression was also

downregulated in colon tumor tissues

(P< 0.01, Figure 1b). These data suggest

that RORc expression was altered in colon

cancer, and RORcmight influence the occur-

rence and development of colon cancer.

RORc expression is correlated with the

development of colon cancer

To further understand the potential role of

RORc in the development of colon cancer,

RORc expression was examined in patients

with different stages of colon cancer and

different lymph node metastasis statuses.

As presented in Figure 2a, RORc expres-

sion was remarkably decreased in patients

with colon cancer, including stage 1 cancer

(P< 0.01). With increasing colon cancer

progression, RORc expression continuous-

ly decreased, suggesting that RORc is

significantly downregulated by certain

signaling pathways in colon tumors.

Furthermore, we evaluated RORc expres-

sion in patients with colon cancer with or

without lymph node metastasis. The data

illustrated that RORc expression was

lower in patients with lymph node

metastasis (P< 0.01). In addition, RORc
expression was lower in tumor tissues in

patients without lymph node metastasis

than in the adjacent normal mucosa tissues

(P< 0.001), which was consistent with the

analysis of RORc expression according to

tumor stage (Figure 2b). From these data,

we hypothesized that RORc is correlated

with the development of colon cancer, and

RORc could potentially reflect the clinico-

pathological features of colon cancer.

Validation of decreased RORc in colon

cancer

To validate our aforementioned hypothesis,

30 patients with colon cancer were included

in our analysis. RORc expression was signif-

icantly lower in colon tumors than in the

corresponding adjacent normal mucosa

(P< 0.001, Figure 3a). Because liver metas-

tasis is a common poor prognostic factor for

colon cancer,29,30 we also evaluated RORc
expression in patients with colon cancer

with or without liver metastasis. The result

illustrated RORc expression was lower in

the six patients with liver metastasis than

in the 24 patients without liver metastasis

(P< 0.001, Figure 3b). This experiment

Figure 2. RORc expression was further decreased in patients with advanced colon cancer. (a) RORc
expression was examined in different stages of colon cancer in patients included in TCGA-COAD. (b)
The patients from TCGA-COAD were divided into three groups (N0, N1, and N2) according to the lymph
node metastasis, and RORc expression was evaluated. The differences between groups were analyzed using
Student’s t-test, **P< 0.01, ***P< 0.001.
RORc, retinoid-related orphan receptor gamma; TCGA-COAD, The Cancer Genome Atlas colon adeno-
carcinoma dataset; N0, no regional lymph node metastasis; N1, metastasis in 1–3 axillary lymph nodes; N2,
metastasis in 4–9 axillary lymph nodes.
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further validated the low expression of

RORc in colon cancer and its potential asso-

ciation with the progression of colon cancer.

RORc is a potential diagnostic marker for

colon cancer

Subsequently, ROC analysis of the 30

aforementioned patients was performed

to evaluate the efficiency of RORc as

a diagnostic factor. As highlighted

in Figure 4, the AUC was 0.7078

(P¼ 0.0057), and using the Youden

index as the cutoff, the PPV and NPV

were 53.3% and 80%, respectively.

These data suggest the RORc has encour-

aging utility as a diagnostic marker in

colon cancer.

Figure 3. Real-time quantitative PCR analysis of resected colon tumor tissues validated the decreased
expression of RORc in colon cancer. (a) Thirty patients with colon cancer were included to examine RORc
mRNA in colon tumors and their corresponding adjacent normal mucosa tissues. (b) The patients were
divided into two groups according to the presence of liver metastasis, and RORc mRNA expression was
compared between 24 patients without liver metastasis and six patients with liver metastasis. The differ-
ences between the groups were analyzed using a paired t-test. ***P< 0.001.
RORc, retinoid-related orphan receptor gamma.

Figure 4. ROC analysis of RORc expression in patients with colon cancer. In total, 30 patients with colon
cancer were subjected to ROC analysis. The corresponding adjacent normal mucosa tissues were used as
controls, and the colon tumor tissues comprised the patient group. The Clopper–Pearson method was used
for the ROC analysis with 95% CIs. P< 0.05 indicated statistical significance.
ROC, receiver operating characteristic; RORc, retinoid-related orphan receptor gamma; CI, confidence interval.
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RORc expression is closely correlated

with the clinicopathological features

of colon cancer

We then further analyzed the correlation

between RORc expression and the clinico-

pathological features of colon cancer.

As illustrated in Figure 5, RORc expression
was closely correlated with the number of

metastasis-positive lymph nodes (R¼
�0.146, P< 0.01) and OS (R¼�0.125,

P< 0.01). Furthermore, RORc expression

was closely associated with lymphatic inva-

sion (P¼ 0.03), microsatellite instability

(MSI, P¼ 0.039), residual tumor (P¼
0.029), and venous invasion (P¼ 0.001).

Similar to previous findings, RORc expression
had no significant association with patient

age (R¼�0.013, P> 0.05) and gender

(P¼ 0.827). Interestingly, copy number varia-

tion (CNV) of RORc was positively correlated
with RORc expression (R¼ 0.152, P< 0.01),

suggesting that RORc was expressed in a copy

number-dependent manner. In addition, CNV

of RORc in the genome might contribute to

its decreased expression.

Decreased RORc expression portended a
worse prognosis in colon cancer

To further evaluate the effect of RORc on
the prognosis of colon cancer, Kaplan–
Meier analysis was performed to evaluate
the prognostic value of RORc for
patients with colon cancer. As presented
in Figure 6a, patients with higher RORc
expression had longer OS, consistent with
the result in Figure 5. From these data, we
could conclude that decreased RORc
expression might be a poor prognostic
marker in colon cancer. As indicated in
Figure 5, RORc was closely correlated
with MSI. Because MSI is an important
feature of colon cancer that contributes to
genomic alteration,31,32 we analyzed the
effect of the association of RORc and
MSI on OS. As indicated in Figure 6b–d,
RORc could represent a prognostic marker
for patients with MSI-high (MSI-H) colon
cancer (P¼ 0.013), but not those with MSI-
low (MSI-L, P¼ 0.04) or microsatellite-
stable (MSS) colon cancer (P¼ 0.45).
These results suggest that RORc is a prob-
able prognostic marker for patients with

Figure 5. RORc expression and its relationship with clinical TCGA-COAD data were determined using
MEXPRESS. TCGA-COAD samples were grouped according to RORc expression, and clinical information,
including age, lymphatic invasion, microsatellite instability, the number of positive lymph nodes, the presence
of residual tumor, venous invasion, gender, OS events, and RORc copy number, were examined using
Wilcoxon’s rank-sum test and Pearson’s correlation analysis. *P< 0.05, **P< 0.01.
RORc, retinoid-related orphan receptor gamma; OS, overall survival; RORC, another name for RORc.
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colon cancer, especially those with MSI-H

features.

Abnormal methylation level of the RORc
promoter in colon cancer

Considering the importance of CNV in the

genome on the occurrence and development

of cancer, the regulation of epigenetic fea-

tures has a close association with CNV, and

DNA methylation is a significant marker in

colon cancer.33,34 Therefore, we examined

the methylation level of RORc in the

colon. As presented in Figure 7a, the pro-

moter methylation level of RORc was

remarkably increased in colon tumor tissues

(P< 0.001). In addition, the extent of

RORc promoter methylation increased

with increasing colon cancer progression

(Figure 7b). The RORc gene expression

results mentioned in Figure 2a indicated

that RORc expression decreased with

increasing cancer progression. Because of

the common negative regulation between

gene expression and methylation levels,

the gene levels of RORc were consistent

Figure 6. The overall survival of patients in TCGA-COAD was analyzed using GEPIA according to RORc
expression. (a) Patients in TCGA-COAD were analyzed according to RORc expression, and patients in the
highest and lowest quartiles for RORc comprised the high and low RORc expression groups, respectively.
OS was determined via survival curve analysis. Patients with MSI-H (b), MSI-L (c), and MSS features (d) were
included in the OS analysis, and patients in the highest and lowest quartiles for RORc comprised the high and
low RORc expression groups, respectively. Statistical analysis was performed using the log-rank method, and
P< 0.05 indicated statistical significance.
TCGA-COAD, The Cancer Genome Atlas colon adenocarcinoma dataset; RORc, retinoid-related orphan
receptor gamma; MSI-H, microsatellite instability-high; MSI-L, microsatellite instability-low; MSS, microsat-
ellite-stable.
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with the results of promoter methylation

levels in colon cancer. Thus, abnormal pro-

moter methylation alters RORc expression.

Discussion

Colon cancer represents a key risk to

human health, and it is the second leading

cause of cancer-related death.1 Despite the

use of surgery, chemotherapy, radiothera-

py, targeted therapy, and combination ther-

apy, the prognosis of colon cancer remains

poor because of poor diagnostic accuracy

and drug resistance.35 Thus, screening

novel molecules is important work for

improving colon cancer therapy.
As an important orphan receptor, RORc

has received increasing attention, but it has

rarely been analyzed in colon cancer. RORc
is overexpressed in some cancer types.

Huang reported that RORc is highly

expressed in liver tumor tissues, and its

expression is closely associated with HBV

infection, suggesting that RORc is an onco-

gene involved in the proliferation and

migration of hepatocellular carcinoma.18

Some reports also described RORc overex-

pression in lung cancer, breast cancer, and

melanoma. As a subtype of RORc, RORct
was reported to inhibit the development of
colon cancer,36 and RORct expression in
colon cancer remains controversial. Thus,
we first evaluated RORc expression in this
study, and our data indicated that RORc
expression was significantly decreased in
colon cancer (Figures 1 and 3a). In addition,
the extent of RORc downregulation was cor-
related with the progression of colon cancer,
including the tumor stage (Figure 2a), lymph

node metastasis (Figure 2b), and liver metas-
tasis (Figure 3b), suggesting that RORc is
involved in the occurrence and development
of colon cancer. RORc possibly acts as an
important mediator in the regulation of
colon cancer. To further understand the
importance of RORc in colon cancer, the
correlation between RORc expression and
certain clinicopathological features was eval-
uated, and the evidence indicated that RORc
expression is significantly correlated with
lymphatic invasion, MSI, the presence of
residual tumor, venous invasion, and OS
(Figure 5).

We believe these data further demon-
strate that RORc downregulation is closely
associated with the development of colon

Figure 7. The promoter methylation level of RORc was analyzed in TCGA-COAD. (a) In total, 313 primary
colon tumor tissues and 37 adjacent normal mucosa tissues were included to compare the promoter
methylation level of RORc. (b) Patients in TCGA-COAD with promoter methylation data were included and
divided into four groups according to the tumor stage, and the promoter methylation level of RORc was
analyzed. ***P< 0.001 vs. adjacent normal mucosa tissues (Student’s t-test).
RORc, retinoid-related orphan receptor gamma; TCGA-COAD, The Cancer Genome Atlas colon adeno-
carcinoma dataset.
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cancer. In addition, we found that RORc
downregulation might represent a good
diagnostic marker with high sensitivity
and specificity (Figure 4). Interestingly, we
also found that CNV of RORc was posi-
tively correlated with RORc gene expres-
sion (Figure 5), suggesting that decreased
RORc expression in the colon reflects
copy number-dependent gene expression,
and CNV of RORc is a potential explana-
tion for RORc downregulation. Based on
the positive correlations of RORc expres-
sion with clinicopathological features, we
hypothesized that RORc might be a good
prognostic marker for the evaluation of
patients with colon cancer. To confirm the
hypothesis, OS was compared between
patients with high and low RORc expres-
sion, and the results demonstrated that
lower RORc expression portended worse
survival (Figure 6a). Inspired by the signif-
icant correlation between RORc expression
and MSI, we further analyzed the prognostic
value of RORc in MSI-H, MSI-L, and MSS
colon cancer, concluding that decreased
RORc expression might be a potential poor
prognostic factor only in patients with MSI-
H cancer (Figure 6b–d). Another issue
deserving our attention was the potential
mechanism of RORc downregulation. As
previously mentioned, RORc expression
might be copy number-dependent, and
because of the importance of CNV in geno-
mic alternation and the role of epigenetic reg-
ulation in the abnormal gene expression, we
evaluated the correlation between RORc
methylation and RORc expression. The
level of RORc promoter methylation was sig-
nificantly higher in colon cancer, and RORc
hypermethylation is closely correlated with
the progression of colon cancer (Figure 7),
consistent with the increasing gene expression
changes with cancer progression. In summa-
ry, we evaluated the expression and potential
role of RORc in this study, and RORc down-
regulation is potentially involved in the pro-
gression of colon cancer, suggesting a

possible role of RORc in the diagnosis and
prognosis of this malignancy.
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