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Introduction: This study aims at exploring the expression and significance of recombina-
tion signal-binding protein for immunoglobulin kappa J region (RBP-Jx) and C-X-C motif
chemokine 11 (CXCL11) in human colon cancer tissues.

Methods: The RBP-Jk and CXCL11 expression levels were assessed by immunohistochem-
istry and quantitative real-time polymerase chain reaction (QRT-PCR) in patients with colon
cancer, and their prognostic significance was evaluated.

Results: Through analyzing 342 samples of colon cancer patients treated at our institution,
increased expression of RBP-Jk and CXCL11 was found in human colon cancer specimens
compared with matched paratumorous normal specimens (P<0.001). A positive correlation
was found between RBP-Jk expression and CXCL11 expression (P<0.001). High RBP-Jk
expression was significantly associated with poorly differentiated tumors (P=0.005), invasion
beyond propria muscularis (P=0.025), lymph node metastases (P=0.005), distant metastasis
(P<0.001), advanced tumor-node-metastasis (TNM) stage (P=0.004), and a shorter overall
survival (P<0.001). An increase in CXCL11 protein expression was associated with poorly
differentiated tumors (P=0.015), invasion beyond propria muscularis (P=0.029), lymph node
metastases (P=0.031), distant metastasis (P=0.045), advanced TNM stage (P=0.026), and
a shorter overall survival of patients (P<0.001). In multivariate Cox regression analysis,
RBP-Jk protein expression (P=0.036), CXCL11 protein expression (P=0.001), differentiation
(P<0.001), depth of invasion (P=0.009), distant metastasis (P<0.001), and TNM stage
(P<0.001) were independent prognostic indicators of colon cancer.

Conclusion: High expression of RBP-Jk is closely associated with high CXCL11 expres-
sion, which represents a risk factor for the poor overall survival of colon cancer patients.
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Introduction
Colon cancer is one of the most common tumor diseases worldwide, whose
incidence rate is increasing and ranks the third among malignant tumors.! Owing
to the colon cancer’s unobvious early clinical symptoms, rapid development, and
low early diagnosis rate, most patients cannot be diagnosed until the middle and
late stages, for which reason they may miss the best treatment period. Therefore,
a profound understanding with respect to the molecular events during the develop-
ment of colon cancer and the metastasis is of crucial priority for early detection and
treatment of the disease.

RBP-Jxk is an important transcription factor in the Notch pathway and a DNA-
binding protein from CSL (CBF1/Su(H)/Lag-1) family,> performing not only
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a Notch-dependent role but also a Notch-independent
role.® Existing studies have discovered that the abnormal
expression of Notch signaling can change the normal
microenvironment and result in colon cancer.* Regarding
mammals, when the Notch signaling pathway is activated,
the Notch intracellular domain (NICD) entering the
nucleus mainly depends on its binding with the transcrip-
tion factor RBP-Jk to exert its physiological function.
RBP-Jk mediated the transcriptional regulation activity of
all four Notch receptors (Notchl-Notch4)®.Yong et al®
found that the proliferation of breast cancer cells and
prostate cancer cells was inhibited after RBP-Jx was
knocked down. It has been reported that the inhibition of
RBP-Jk expression suppressed oral cancer cell EMT.
Therefore, it has been verified that RBP-Jk plays a key
role in the occurrence and development of cancers.
However, the specific functions and mechanisms of RBP-
Jk in colon cancer progression remains unclear so far.

Chemokines are members of the secretory protein
family that are of vital necessity in inflammation and
leukocyte chemotaxis.® Recent studies suggested that che-
mokines and their receptors are also crucial in tumor cell
proliferation, migration and antiapoptosis.” Our sequen-
cing results found that RBP-Jx can upregulate the
expression of CXCL11. CXCLI11, also known as inter-
feron-inducible T-cell alpha chemoattractant (I-TAC) or
interferon-gamma-inducible protein 9 (IP-9), is a member
of the ELR-CXC chemokine family, whose receptors are
CXCR3 and CXCR?7. Cancer cells can produce CXCL11
by an autocrine mechanism or release CXCL11 by regu-
lating tumor stromal cells in the microenvironment.'”
CXCLII not only regulates the directional movement of
cancer cells but also participates in the process of tumor
cells entering and leaving blood vessels, immune escape,
proliferation and angiogenesis.'' Existing studies have
proven that the CXCL9/CXCL10/CXCL11-CXCR3 axis
of CXCL11 can promote or inhibit the occurrence and
development of tumors according to different tumor
types and tumor development stages.'?

Considering the above research findings, supporting
data from in vitro and murine tumor models have high-
lighted the key roles of RBP-Jk and CXCL11 in intestinal
tumorigenesis. Nevertheless, the co-expression of these
two proteins and their prognostic relevance in human
colon cancer need to be established. Therefore, we eval-
uated the expression of RBP-Jk and CXCLI11 in human

colon cancer specimens, and the relationship among these

molecules with traditional prognostic indicators and clin-
ical outcome of patients was evaluated.

Materials and Methods

Ethics Statement

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Conduct of
Human Ethics Committee of the First Affiliated Hospital,
College of Medicine of Xi’an Jiaotong University. Each
patient first provided written informed consent.

Patients and Specimens

Three hundred and forty-two patients with colon cancer
being recruited at the First Affiliated Hospital, College of
Medicine of Xi’an Jiaotong University from January 2012
to December 2019 were enrolled in this study. None of the
patients had undergone cancer-related treatment before
curative surgery. Table 1 shows the main clinicopathologic
data. The pathological types of all the specimens were
confirmed by two independent pathologists under double-
blinded conditions. The tumors were classified according
to the criteria from the TNM Union for International
Cancer Control (UICC), and the tumor cellular differentia-
tion (TCD) was defined using Edmondson’s classification.
The
February 2020. In survival analysis, cases were excluded

follow-up for all cases was terminated in
when patients were either lost to follow-up or died of

causes other than colon cancer.

Immunohistochemistry

The immunohistochemistry (IHC) SP method was used for
detection. Immunohistochemical analysis of formalin-
fixed paraffin-embedded tissue was conducted using avidin
biotin complex immunoperoxidase technology. The anti-
bodies used were anti-RBP-Jx (1:200; ab25949, Abcam,
Cambridge, MA, USA) and anti-CXCL11 (1:500; ab9955,
Abcam, Cambridge, MA, USA). The positive expression
of RBP-Jk mainly existed in the nucleus, and the positive
expression of CXCLI11 existed in the cytoplasm. Five
visual fields were randomly selected for each section
under a high-power microscope, which were scored
according to the proportion of tumor-positive cells and to
the intensity of staining. The number of positive cells was
0%~5% for 0 points, >5%~25% for 1 point, >25%~50%
for 2 points, >50%~75% for 3 points, and >75%~50% for
4 points. The staining intensity was scored as 0 points for
colorless, 1 point for pallide-flavens, 2 points for yellow
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Table | Association of RBP-Jx and CXCLI | Protein Expression with Clinicopathological Features in 342 Colon Cancer Patients

Characteristics n RBP-Jk CXCLII
High Low P-value High Low P-value
Histology Type
Tumor tissue (adenocarcinoma) 342 224(65.50%) | 118(34.50%) | <0.001 255(74.56%) 87(23.44%) <0.001
Para-tumor tissue 342 75(21.93%) 267(78.07%) 104(30.41%) | 238(69.59%)
Gender
Male 156 97(62.18%) 59(37.82%) 0.237 112(71.79%) 44(28.21%) 0.282
Female 186 127(68.28%) 59(31.72%) 143(76.88%) 43(23.12%)
Age
<60 11 65(58.56%) 46(41.44%) 0.061 76(68.47%) 35(31.53%) 0.073
>60 231 159(68.83%) 72(31.17%) 179(77.49%) 52(22.51%)
Tumor location
Right colon 288 187(64.93%) | 101(35.07%) 0.611 210(72.92%) 78(27.08%) 0.107
Left colon 54 37(68.52%) 17(31.48%) 45(83.33%) 9(16.67%)
Differentiation
Well/Moderate 128 72(56.25%) 56(43.75%) 0.005 86(67.19%) 42(32.81%) 0.015
Poor 214 152(71.03%) 62(28.97%) 169(78.97%) 45(21.03%)
Depth of invasion
Tis/T1/T2 47 24(51.06%) 23(48.94%) 0.025 29(61.70%) 18(38.30%) 0.029
T3/T4 295 200(67.80%) 95(32.20%) 226(76.61%) 69(23.39%)
Lymph node metastasis
No 106 58(54.72%) 48(45.28%) 0.005 71(66.98%) 35(33.02%) 0.031
Yes 236 166(70.34%) 70(29.66%) 184(77.97%) 52(22.03%)
Distant metastasis
No 297 183(61.62%) | 114(38.38%) | <0.001 216(72.73%) 81(27.27%) 0.045
Yes 45 41(91.11%) 4(8.89%) 39(86.67%) 6(13.33%)
TNM Stage
1 105 57(54.29%) 48(45.71%) 0.004 70(66.67%) 35(33.33%) 0.026
nnv 237 167(70.46%) 70(29.54%) 185(78.06%) 52(21.94%)

Note: Bold values are statistically significant.

and 3 points for brown. When the product of the two
scores was >4, it was recorded as positive, whereas <4
as negative."® All scoring and interpretations of the results
were conducted independently by two observers blinded to
the other clinicopathological variables.

Real-Time Reverse
Transcription-Polymerase Chain Reaction
Analysis

Total RNA was extracted from fresh tissue samples using
TRIzol reagent (Invitrogen, Carlsbad, CA), and reverse tran-
scription was conducted using Prime Script'™ RT Master
Mix (Takara, Dalian, China) according to the manufacturer’s
instructions. The reaction system was prepared using SYBR

Premix Ex Taq TM II (Takara, Dalian, China) and per-
formed using an iQ5 Multicolor Real-Time PCR Detection
System (Bio-Rad, Hercules, CA). The primer sequences
used for RBP-Jx and CXCLI11 analysis are listed out in
Table 2. Using GAPDH as the internal reference, the relative
expression of RBP-Jk and CXCL11 was calculated by the

2742 method. All the samples were run in triplicate.

Statistical Analysis

All statistical analyses were performed using SPSS 22.0
software (SPSS Inc., Chicago, USA). Chi-squared test or
Fisher’s exact test was adopted to evaluate the associations
between RBP-Jx and CXCL11 expression and each clin-
icopathologic parameter. The measurement data were pre-
sented as means+SD. The differences between two sample
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Table 2 Primer Sequences for RT-PCR

Genes Forward Primer Reverse Primer

RBPJx 5'-CAAGAGTCTCAACCGTGTGCATTTA-3’ 5'-ACATGAAGTGCTTTCGCTTGTCTG-3’
CXcLi |l 5'-ATAGCCTTGGCTGTGATATTGTGTG-3' 5'-CCTATGCAAAGACAGCGTCCTC-3’
GAPDH 5'-ATGATTCTACCCACGGCAAG-3’ 5'-CTGGAAGATGGTGATGGGTT-3’

means were analyzed for statistical significance by
Student’s ¢-test (independent samples #-test) or the u-test.
One-way analysis of variance (ANOVA) was performed to
analyze the difference among three or four sample means,
and Spearman’s rank test was used to assess the correla-
tion between RBP-Jk and CXCL11 expression. The over-
all survival was analyzed by the Kaplan-Meier method
using Cox regression, and the Log rank test was used to
analyze differences in survival curves. A two-tailed
P-value was used in all the analyses. P<0.05 was consid-
ered to indicate statistical significance.

Results
Expression of RBP-Jx in Colon Cancer

Tissues

The RBP-Jk expression was examined in 342 primary
colon cancer tissues and paired paratumorous normal
colon tissues. Among these 342 primary colon cancer
tissues, high RBP-Jk expression was observed in 224
(65.50%) cases, whereas only 75 (21.93%) cases of
matched paratumorous normal colon tissues had high

oY -".-—.‘»,‘.“; ==
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RBP-Jk expression. IHC staining indicated that the
RBP-Jk located mainly in the nucleus (Figure 1).
Moreover, the RBP-Jk expression was markedly higher
in colon cancer tissues than in paratumorous normal
colon tissues (P<0.001; Table 1). The RBP-Jk expres-
sion was significantly correlated with differentiation,
depth of invasion, lymph node metastasis, distant
metastasis and different TNM stages (P = 0.005,
0.025, 0.005, <0.001, and 0.004, respectively; Table
1). No significant association was observed between
RBP-Jk expression and age, gender of patients, or
tumor location (Table 1). Furthermore, we examined
RBP-Jk mRNA expression in the 342 pairs of primary
colon cancer tissues and paratumorous normal colon
by real-time PCR, increased RBP-Jk
mRNA expression was observed in most colon cancer

tissues and
tissues compared with that in the paratumorous normal
colon tissues (P<0.001). In addition, the association
between RBP-Jk mRNA expression and clinicopatholo-
gic factors was similar to the results of immunohisto-
chemical analysis (Table 3).

Figure | Immunohistochemical staining of RBP-Ji and CXCLI | in colon cancer tissues and paratumorous tissues. (A—D) RBP-Jk staining. (A) Paratumorous tissue. (B)
Negative expression in colon cancer tissues. (C) Low expression in colon cancer tissues. (D) High expression in colon cancer tissues. (E-H) CXCLI| staining. (E)
Paratumorous tissue. (F) Negative expression in colon cancer tissues. (G) Low expression in colon cancer tissues. (H) High expression in colon cancer tissues. Scale bar,

50um.
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Table 3 Association of RBP-Jx and CXCLI | mRNA Expression with Clinicopathological Features in 342 Colon Cancer Patients

Characteristics n RBP-Jk (MeantSD) P-value CXCLI 1 (MeantSD) P-value

Histology Type
Tumor tissue 342 4.04+1.70 <0.001 4.44+2.27 <0.001
Para-tumor tissue 342 1.02+0.41 1.47+0.32

Gender
Male 156 4.03+1.67 0.887 4.65+2.37 0.103
Female 186 4.05+1.72 4.25+2.17

Age
<60 11 3.90+1.63 0.288 4.26+2.34 0.330
>60 231 4.11£1.73 4.52+2.33

Tumor location
Right colon 288 4.02+1.70 0.614 4.39+2.24 0.445
Left colon 54 4.15%1.70 4.65+2.42

Differentiation
Well/Moderate 128 3.27£1.60 <0.001 3.55%1.96 <0.001
Poor 214 4.50%1.58 4.96x2.27

Depth of invasion
Tis/T1/T2 47 3.46%1.69 0.012 3.67x1.90 0.012
T3/T4 295 4.13+1.68 4.56+2.30

Lymph node metastasis
No 106 3.67+1.54 0.006 3.78+2.02 <0.001
Yes 236 4.21+1.74 4.73£2.31

Distant metastasis
No 297 3.95+1.70 0.008 4.26+2.22 <0.001
Yes 45 4.66x1.57 5.5.8+2.2.8

TNM Stage
1 105 3.65%1.54 0.005 3.80£2.02 0.001
nnv 237 421x1.74 4.72+2.31

Note: Bold values are statistically significant.

Expression of CXCLI | in Colon Cancer

Tissues

Among these 342 primary CRC tissues, 255 (74.56%) cases
exhibited elevated CXCL11. CXCLI11 staining revealed
a predominantly cytoplasmic localization (Figure 1).
However, high CXCL11 expression was detected in only
104 (30.41%) of the paratumorous normal colorectal tissues.
Among the 342 colon cancer tissues, a significant correlation
existed between CXCLI11 expression and differentiation,
depth of invasion, lymph node metastasis, distant metastasis
and different TNM stages (P = 0.015, 0.029, 0.031, 0.045,
and 0.026, respectively; Table 1). In addition, real-time PCR
suggested that the CXCL// mRNA levels in colon cancer
tissues were greatly increased compared with those in para-
tumorous normal colon tissues (P<0.001). Through evaluat-
ing the clinical significance of CXCL1/ mRNA expression,

we found that the overexpression of CXCLI/I mRNA was
strongly associated with differentiation, depth of invasion,
lymph node metastasis, distant metastasis and different
TNM stages (P<0.001, =0.012, <0.001, <0.001, and
=0.001, respectively; Table 3), which is similar to the IHC
analysis results.

Correlation Between RBP-Jk Expression
and CXCLI | Expression in Colon Cancer

Tissues

The correlation between the expression of RBP-Jk and
CXCLII in colon cancer tissues was analyzed at the
protein and mRNA levels. In RBP-Jx IHC analysis, 118
(34.50%) colon cancer samples were RBP-Jk-low tumors,
and 224 (65.50%) were RBP-Jk-high tumors. In CXCL11
IHC analysis, 255 (74.56%) tumors exhibited high-level
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Table 4 Association Between RBP-Jk and CXCLI | in 342 Colon
Cancer Patients

CXCLII r P-value
High Low
RBP-J
High 185 39 0.245 <0.001
Low 70 48
CXCLI11, whereas 87 (23.44%) exhibited low-level
CXCLI1 (Table 1). Spearman’s rank test revealed

a significant positive correlation between RBP-Jk expres-
sion and CXCLI11 expression in colon cancer tissues
(r=0.245; P<0.001; Table 4). We also observed a similar
correlation between RBP-Jk and CXCLI1 mRNA expres-
in colon cancer (=0.220; P<0.001;

sion samples

Figure 2).

Survival Analysis

Of the 342 patients with colon cancer, none were lost to
follow-up. The median survival time was 42 months.
Kaplan-Meier survival curves were generated (Figure 3A
and B) to evaluate the prognostic significance of RBP-Jx
and CXCLI11 protein expression. The analysis of prognos-
tic factors for survival was summarized in Table 5. The
results of univariate analysis revealed that age, differentia-
tion, depth of invasion, lymph node metastasis, distant
metastasis, TNM stage, RBP-Jk expression, and CXCLI11

expression were critical prognostic factors for patients’

104
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Figure 2 Correlation between RBP-Jx and CXCLII mRNA expression in colon
cancer tissues. The dot plot figure shows a positive correlation between RBP-Jx and
CXCLI'I mRNA expression (Pearson’s rank test r=0.220; P<0.001). X-axis: CXCLI |
mRNA expression level of each patient. Y-axis: RBP-Jx mRNA expression level of
each patient.

overall survival time (Table 5). No significant correlation
was observed between gender (P=0.574) or tumor location
(P=0.103) and colon cancer patient prognosis.

Cox proportional hazards model was adjusted for age,
differentiation status, depth of invasion, lymph node
metastasis, distant metastasis, TNM stage, RBP-Jk expres-
sion and CXCL11 expression in multivariate analysis. The
analytical results suggested that the differentiation status
(P<0.001), depth of invasion (P=0.009), distant metastasis
(P<0.001), TNM stage (P<0.001), RBP-Jk expression
(P=0.036), and CXCLI11 expression (P=0.001) were inde-
pendent predictors of survival for patients with colon
cancer, indicating that high RBP-Jk expression and high
CXCLI11 expression were significantly correlated with the
risk of a poor prognosis (Table 5). No significant correla-
tion was observed between the other analyzed clinico-
pathological factors and colon cancer patients’ overall
survival (Table 5).

To explore the prognostic significance of the combined
RBP-Jk protein expression and CXCLI11 protein expres-
sion profile, Kaplan-Meier survival curves were therefore
depicted. We obtained the following four combination
subgroups: RBP-Jk-high and CXCL11-high, RBP-Jk-high
and CXCLI11-low, RBP-Jk-low and CXCL11-high and
RBP-Jk-low and CXCL11-low. Our measurement data
revealed that the overall survival time of colon cancer
patients with high RBP-Jk expression was obviously
shorter than that of colon cancer patients with low RBP-
Jk expression (Figure 3A). Patients with CXCL11-high
colon cancers also had apparently poorer outcomes than
those with CXCL11-low tumors (Figure 3B). Further ana-
lysis showed that the subgroup of patients with high
RBP-Jk and CXCL11 co-expression had a shorter overall
survival time than those with other combinations (Figure
3C and D).

Discussion

Dysregulation and abnormal activation of the Notch
pathway occur frequently in many human tumors.'
RBP-Jk is the main transcription factor of the Notch
signaling pathway, whose target genes are usually con-
trolled by two active states of RBP-Jk.'> RBP-Jk, being
referred to as CBF-1 (C promoter-binding factor 1), is
a DNA binding protein and a key transcription factor of
the Notch signaling pathway. Dysfunction of RBP-Jk is
associated with the loss of epithelial barrier integrity
and aberrant conversion of proliferative crypt cells into
goblet cells.>'® Therefore, we considered that changes
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Figure 3 Kaplan-Meier survival curves showing significantly different survival rates for patients with CRC according to RBP-Jk and CXCLI | expression. (A) Survival curves
for RBP-Jk. (B) Survival curves for CXCLI |. (C) Survival curves for all patients divided by the combination of RBP-Jk and CXCLI | status. (D) Survival curves for RBP-Jk

high/CXCLI 1 high and other combinations of RBP-Jx/CXCLI | expression.

in the expression of RBP-Jk-related molecules will
probably induce the disorder of colon tissue structure
and function and even tumors. Unfortunately, the direc-
tionality of RBP-Jk dysregulation in tumorigenesis
remains unclear. Currently, researchers have found that
the Notch/RBP-Jk pathway is changed in various solid
tumors including breast cancer,17 ovarian cancer,18
melanoma,'” malignant glioma,”® lung cancer,”' and
pancreatic cancer.”> Nagao et al found that RBP-Jk can
regulate the growth of rhabdomyosarcoma cells, and
inhibiting RBP-Jk may be an effective treatment target
for rhabdomyosarcoma patients.”> Studies also discov-
ered that the RBP-Jk expression was increased in lung
cancer. Inhibition of RBP-Jk expression significantly
inhibited the proliferation of lung cancer cells.?'
Overall, RBP-Jk is involved in carcinogenesis and the
progression of human tumors. Our study suggested that
RBP-Jk expression is increased in colon cancer and
closely correlates with poor differentiation, depth of
invasion, lymph node metastasis, distant metastasis,
and advanced TNM stage of tumors, thereby revealing
that RBP-Jk plays an oncogenic role in the development
of colon cancer.

Chemokines and their receptors closely correlates with
tumors, functioning critically in lymphocyte migration and
tumor metastasis.”**> CXCLI11 is a chemokine promoting
cell proliferation and migration after binding to its recep-
tor, and plays an extremely critical role in directional cell
migration. The CXCL11 also induces inflammation and its
development. Tumor cells produce mild inflammatory
reactions in patients during occurrence and development,
thus promoting the expression of CXCL11, increasing its
chemotaxis induction, inducing the corresponding immune
response of the body, as well as promoting inflammation,
whose functions and performances in inducing tumor cell
proliferation and regulating angiogenesis®® must not be
neglected. CXCLI1 possesses potent tumor-promoting
activity in colorectal cancer’’ and ovarian carcinomas,*®
however, in contrast to the above two studies, in the study
conducted by Qun Gao, CXCLI11 expression positively
correlated with a prolonged overall survival of lung cancer
patients.'' Our unpublished sequencing results showed
that CXCLI11 is a novel target for the RBP-Jk. In our
study, we examined CXCL11 expression in both primary
colon cancer tissues and paired paratumorous normal
colon tissues. Real-time PCR and IHC analyses revealed
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Table 5 Univariate and Multivariate Analyses of 342 Colon Cancer Patients

Characteristics n Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value
Gender
Male 156 | 0.574
Female 186 0.917(0.678—1.240)
Age
<60 11 | 0.004
>60 231 1.675(1.176-2.387)
Tumor location
Right colon 288 | 0.103
Left colon 54 1.382(0.936-2.040)
Differentiation
Well/Moderate 128 | <0.001 | <0.001
Poor 214 3.228(2.217-4.702) 2.966(2.022—4.352)
Depth of invasion
Tis/T1/T2 47 | <0.001 | 0.009
T3/T4 295 3.893(1.914-7.919) 2.618(1.276-5.372)
Lymph node metastasis
No 106 | <0.001
Yes 236 2.576(1.770-3.748)
Distant metastasis
No 297 | <0.001 | <0.001
Yes 45 4.014(2.792-5.772) 2.191(1.484-3.234)
TNM Stage
1N 105 | <0.001 | <0.001
nnv 237 2.614(1.790-3.818) 2.061(1.386-3.065)
RBP-Jx
High 224 | <0.001 | 0.036
Low 118 0.373(0.257-0.539) 0.655(0.441-0.972)
CXCLI I
High 225 | <0.001 | 0.001
Low 87 0.326(0.210-0.506) 0.441(0.278-0.700)

Note: Bold values are statistically significant.

that high CXCL11 mRNA and protein expression correlate
with the differentiation status, depth of invasion, lymph
node metastasis, distant metastasis, and advanced TNM
stage in colon cancer. In the study conducted by Gao
et al, CXCL11 was highly expressed in CRC compared
with that in control tissue, which is in good consistency
with our obtained data.?” Therefore, our study suggests
that CXCL11 expression in colon cancer patient tissues
can serve as a useful biomarker for colon cancer, and that
high CXCLI11 expression plays an indispensable role dur-
ing colon cancer progression, indicating similar potential
roles of RBP-Jk and CXCL11 in colon cancer.

The relationship between the combination of RBP-Jk
status and CXCLI11 status and their prognostic relevance in
CRC has yet to be determined. Several studies have demon-
strated that the significances of Notch signaling pathways
and chemokines must be emphasized in tumor progression
and subsequent metastases of numerous cancers.”” ' There
is also evidence of their involvement in colon cancer,’
however, the possible crosstalk mechanism between Notch
pathways and chemokine pathways remains uncertain, for
which reason we focus on these two markers (RBP-Jk and
CXCLI1) to investigate the expression and clinical signifi-

cance in colon cancer with a preliminary study.
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An existing study showed that CXCLI11 is of great
significance in the relationship between neuroendocrine
differentiation and TAMs, indicating its possible associa-
tion with a poor prognosis in colorectal cancer.”’ Since
RBP-Jk and CXCLI11 are involved in the formation and
metastasis of malignant tumors, we therefore examined the
expression of RBP-Jk and CXCLI11 in colon cancer. In this
study, we demonstrated that RBP-Jkx mRNA and protein
expression were highly expressed in colon cancer tissue
and were correlated with the differentiation status, depth of
invasion, lymph node metastasis, distant metastasis and
TNM stage of tumors. Our clinicopathological study
revealed that patients with RBP-Jk-high expression colon
cancer had an apparently shorter survival time than those
with RBP-Jk-low colon cancer, which suggests that RBP-
Jk is a vital prognostic marker in colon cancer patients.
Despite that certain functional studies have investigated
the influence of RBP-Jk expression and activation, only
a few of which have reported higher RBP-Jk expression in
human malignant tumors.®”**3* In response to the study
conducted by Maciaczyk et al, the mean RBP-Jk activation
in bulk tumor samples was reported to perform as
a clinical predictive biomarker in brain cancers.” Al
Labban et al reported that Notch-effector CSL promotes
squamous cell carcinoma.’® Furthermore, it has been dis-
covered that CXCL11 is overexpressed in CRC tissues and
cell lines,”” which is in good consistency with our
obtained data. However, few studies have compared RBP-
Jk expression in colon cancer. An important finding in our
study was the prognostic predictive value of high or low
RBP-Jk and CXCL11 expression based on different survi-
val outcomes of patients with colon cancer, upon which
theoretical foundation we therefore suggest that RBP-Jk
and CXCLI11 expression may function as potential thera-
peutic targets in treating colon cancer.

In this study, we analyzed the RBP-Jx and CXCLI1
mRNA and protein expression levels in 342 colon cancer
patients classified according to their outcomes. To our
knowledge, our study being conducted at present is the
first one that investigates the association between RBP-Jk
and CXCL11 expression in colon cancer, as well as high
RBP-Jk and CXCL11 co-expression in relation to malignant
colon cancer transformation. Our research findings suggest
that the expression of two of the studied markers (RBP-Jk
and CXCL11) are strongly correlated with a poorer prog-
nosis of colon cancer, and that RBP-Jk and CXCLI11 play
oncogenic roles. Based on our results, we therefore hypothe-
size that RBP-Jk may positively regulate the expression of

CXCL11, yet further study is required to explore the possi-
ble molecular mechanism between these two markers.

In accordance with the abovementioned results, Kaplan-
Meier analysis showed an obviously lower survival time for
patients with higher RBP-Jk and CXCL11 expression. Cox
univariate regression analysis showed that RBP-Jk-high and
CXCL11-high patients had a markedly higher risk of relapse
and a lower probability of survival. In the Cox multivariate
regression model, RBP-Jk and CXCLI11 were independent
prognostic factors, imposing the same effects on survival.
High RBP-Jk expression was associated with poor overall
survival, which is similar to CXCL11. Additionally, the
combination of RBP-Jk and CXCL11 performed as a more
efficient predictor than RBP-Jk expression or CXCLI11
expression alone. Patients with high expression of both
RBP-Jk and CXCL11 had poorer outcomes than those with
other combinations of RBP-Jkx and CXCL11 expression.
Therefore, the combination of RBP-Jk and CXCL11 could
be an effective prognostic marker. To our best knowledge,
this study is the first one analyzing the expression of both
RBP-Jk and CXCLI11 in colon cancer.

In summary, we have demonstrated that the co-
expression of RBP-Jk and CXCLI11 proteins closely cor-
relates with poor prognosis in colon cancer patients, both
proteins perform as independent prognostic factors. These
findings have certain significant clinical implications that
targeting RBP-Jx and CXCL11 may provide a new ther-
apeutic modality in treating colon cancer.
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