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ABSTRACT

Objective: To investigate the expression of chromobox 2 (CBX2) in colorectal adenoma (CRA) and colorectal cancer (CRC), and
analyse its correlation with various clinicopathological parameters.

Study Design: Observational study.

Place and Duration of Study: Pathology Department, Huashan Hospital, Fudan University, from December 2019 to December
2020.

Methodology: The mRNA level of CBX2 in colorectal mucosa, CRA and CRC was evaluated in gene expression profiling interac-
tive analysis (GEPIA) and gene expression omnibus (GEO) dataset, then verified by quantitative real-time PCR (qRT-PCR). CBX2
expression by immunohistochemistry was determined in 122 samples, then its correlation was analysed with various clinico-
pathological parameters. Diagnostic value of CBX2 was estimated by the receiver operating characteristic curve (ROC). Prog-
nostic value of CBX2 mRNA expression was evaluated via the Kaplan-Meier method in GEPIA.

Results: CBX2 expression rate in CRC (89.8%) was greater than adenoma (37.74%) and mucosa (20%). CBX2 protein levels
were highest in adenocarcinoma and lowest in mucosa with intermediate level in adenoma. The area under curve (AUC) of
CBX2 was 0.810 and 0.734, respectively, in distinguishing CRA from mucosa and CRC from CRA. CBX2 hyperexpression was not
significantly correlated with clinicopathological variables, either in CRA or CRC. Kaplan-Meier survival analysis revealed that
CBX2 mRNA hyperexpression was not associated with overall survival (OS) of CRC. Although the disease-free survival (DFS) of
high CBX2 patients was shorter than those with low expression, but no obvious significance was found in colon adenocarcinoma
(COAD, p=0.052) and rectal adenocarcinoma (READ, p=0.097).

Conclusion: CBX2 expression progressively increased in the sequence of mucosa-adenoma-carcinoma, which may be used as
a diagnostic biomarker and therapeutic target for CRA and CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common malignanttumor
worldwide." Approximately 85% of colorectal cancers are thought
to evolve from conventional adenomas which is referred to as the
adenoma-to-carcinoma sequence.” The development of CRC is a
multistep process, initiated by the formation of a benign polyp with
the potential to evolve into a carcinomain situ, aided by accumula-
tion of additional somatic mutations.’ This process is driven by
mutations and epigenetic alterations, which usually takes 10-15
years but can occur more rapidly under certain settings (e.g. lynch
syndrome, possibly microsatellite unstable tumors).*
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A colorectal polyp is defined as a visible protrusion above the
surface of the normal intestinal mucosa. Adenomatous polyps
may be flat, sessile, sub-pedunculated (having a very short
stalk, or peduncle), or pedunculated.’ Although the histology of
conventional tubularadenomas is fairly homogeneous, there is
an obvious molecular heterogeneity among them that may
determine which adenomas have the highest potential to
progressinto CRC.° Some studies have estimated that only 10%
of all polyps will progress to CRC and approximately 25% of
advanced adenomas will progress to CRC.” Given the high inci-
dence of CRA and its potential of transforming to adenocarci-
noma, identifying new biomarkers to confirm its pathology,
predictingthe possibility ofadenomatoadenocarcinomatransi-
tion and providing therapeutic targets for patients are of great
importance.

Polycomb group (PcG) proteins, major epigenetic regulators,
play important roles in establishing genetic expression profile
and lineage commitment.? PcG proteins are often assembled
intotwomajorchromatin-associated complexes, knownaspoly-
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combrepressive complex (PRC) 1and 2, whichplayavitalrolein
the organisation of chromatin structure.’ Additionally, PcG
proteins contribute to cell proliferation, stem cell maintenance
and self-renewal.”®"' Chromobox (CBX) member proteins,
including CBX1-8, are essential regulators of gene expression
and developmental programmes.”” Among them, CBX2 is an
important component of the PRC1 complexinvolved in antiviral
innate immunity, differentiation of neuron and gonad, and cell
proliferation.”®™ Growing evidence suggests that aberrant
expression of CBX family members plays a key role in different
cancers.” As an oncogene, CBX2 is an essential regulator of
cancer cell cycle and progression. Some studies have stated
that CBX2 is a novel biomarker of cancer because CBX2 expres-
sion is higher in breast cancer and hepatocellular carcinoma
than in adjacent normal tissues.'®"” High CBX2 expression is
associated with poor clinical outcomes in hepatocellular carci-
noma. Furthermore, CBX2 knockdown significantly inhibits the
proliferation of hepatocellular carcinoma cells and induces cell
apoptosis.*®

Recently, many studies have dedicated to finding meaningful
biomarkers for adenoma and adenocarcinoma over the past
decade.'® Although CBX2 is a good therapeutic candidate for
many cancers, its expression in colorectal adenoma or adeno-
carcinomaisstillunclear.

The aim of the present study was to investigate the expression
of CBX2 in colorectal mucosa, adenoma and adenocarcinoma,
and to reveal its associations with various clinicopathological
parametersand prognosis.

METHODOLOGY

This observational study was conducted at Pathology Depart-
ment, Huashan Hospital, Fudan University, from December
2019toDecember2020. Twelve pairs ofadenomaand adjacent
mucosa were collected from the Endoscopy Centre. Patholog-
ical sections of 122 cases of mucosa (n=20), adenoma (n=53)
and colorectal cancer (n=49) (2019-2020) were obtained from
the Department of Pathology and Endoscopy. Information on
age, gender, size and location of the lesions, metastasis and
stagewere collected fromthe medical records of the patients.

Total RNA was extracted from adenomas and mucosa using the
RNeasy protect mini kit (Qiagen). The Goscript™ reverse tran-
scription system (promega) was used toreverse transcription of
mRNA. Each PCR was carried out in 15 pl volume, using SYBR
green master mix (Vazyme) for 15 mins at 95°C forinitial dena-
turing, followed by 40 cycles of 95°Cfor30sand 60°Cfor 1 minin
the 7500 fast real-time PCR system (applied biosystems).
Primers: CBX2-Forward: GAGTGCATCCTGAGCAAGCG; CBX2-
Reverse: CCCAGCT GTTATGTTTGGAGG; GAPDH-Forward:
AACGGATTTGGTCGTATTG; GAPDH-Reverse: GGAAGATGGT-
GATGGGATT.

For morphological analysis, 5 um adenocarcinoma, adenoma
and mucosa sections were prepared for hematoxylin eosin
staining. After orderly deparaffinisedin a series of xylene baths,
and rehydrated using a graded alcohol series, paraffin sections

were retrieved in sodium citrate buffer (pH 6.0) via pressure
cookerheating for 10 mins.

The CBX2 antibody was (GeneTex, USA) used for IHC ata 1:200
dilution incubated at 40°C overnight. Secondary antibody was
incubated at room temperature for 60 mins, the horseradish
peroxidase solution was incubated for 30 mins and performed
with diaminobenzidine, according to manufacturer’s recom-
mendations (GBI, USA) and subsequently counterstained with
hematoxylin.

Staining intensity was scored by two independent observers,
who were blinded to the patient information. The intensity of
staining (IS) was divided into four score ranks: 0 = negative; 1 =
weak; 2 =moderate; and 3 = strong, and the percentage of posi-
tively stained cells (PS): 0 (<5%), 1 (5-25%), 2 (25-50%), 3
(50-75%) and 4 (75-100%)." The score of each slide: IS x PS (0 -
12). Staining score was classified into two subgroups (whereby
those with scores <6 was classified as low expression, and
those withscore =6 were classified as high expression).

The gene expression profile interactive analysis (GEPIA) (htt-
p://gepia.cancer-pku.cn/) tool was used to analyse the CBX2,
and to compare the expression level of CBX2 in CRC with adja-
centtissues, in orderto determine the prognostic value of CBX2
in predicting CRC outcomes. The methylation level of CBX2 was
searchedatUalcan (http://ualcan.path.uab.edu/).

SPSS software was used for ROC analysis of CBX2 (version 20.0,
SPSSInc, Chicago, USA). ROC and AUC were utilised to evaluate
the predictive value of CBX2 for CRAand CRC.

Chi-square test and Fisher’'s Exact test were used to assess
correlationsbetweenCBX2 proteinexpressionandclinicopatho-
logical characteristics. Kaplan-Meier curves and log-rank test
were used to present the clinical outcomes, including disease-
free survival (DFS) and overall survival (OS). IBM SPSS Statistics
version 20.0 Software (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism 8.0 software (GraphPad Software Inc, CA, USA)
were used for statistical analysis. Data were reported as means
+SD. Student'sttestisusedtocomparethedifference between
two groups, and one-way ANOVA is used to verify the differ-
ences among multiple groups based on single factor. So, the
authors used student’s t-test and one-way ANOVA was used to
analyse the experimental results. Statistical significance was
consideredatp <0.05.

RESULTS

First, the expression levels of the CBX2 in colon adenocarci-
noma (COAD) and rectum adenocarcinoma (READ) were anal-
ysed using GEPIA based on TCGA data, and it was found that
CBX2 was highly expressed in COAD and READ (Figures 1a and
1b). Next, hyperexpression of CBX2 regulation by the status of
gene promoter methylation was investigated. Ualcan was
employed to validate the correlation between DNA methylation
level and mRNA expression of CBX2. As expected, the
hypomethylation of CBX2 promoter was found in COAD and
READ (Figures1cand 1d).
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Figure 1: Identifying CBX2 from Ualcan and TCGA database. (A,B) The
scatter plot showed that CBX2 was highly expressed in COAD and READ
from GEPIA. (C,D). The bar charts showed the methylation level of CBX2
betweenmucosaand CRCinUalcandatabase.

COAD: Colonadenocarcinoma, READ: Rectumadenocarcinoma, Log2-FG:
Log2-foldchange.***Indicates p<0.001, *Indicates p<0.05.

A
300 1 *%* !
[ ]
N
<3 -
Z O 2004
o —
£ ©
25 o®
SR
o © 1004
X o
x
[0
0
mucosa adenoma
B
15 *k%k
1
& [m|
<
[a)
O 10 4
-
o
°©
>
Q@
< 5 4
& °
o
- e
0 -
mucosa adenoma

Figure 2: Identifying CBX2 expressionin CRA. (A) Therelative expression
of CBX2 between mucosa and adenoma in GEO database (GEO8671) (p-
value <0.01). (B) The mRNA level of CBX2 between mucosa and adenoma
byqRT-PCR (p-value<0.001).

**Indicates p<0.001, **Indicates p<0.01.

Tocharacterise the expression of CBX2 inadenomas, CRA expres-
sion microarray dataset GSE8671 was analysed, including 32
pairs of CRA and adjacent mucosa samples, and compared the
relative mRNA expression between mucosa and adenoma. The

resultshowed CBX2 was greatly increased in CRA (Figure 2a). This
increased expression in microarray expression profiling was
further validated by qRT-PCR, performed on 12 pairs of mucosa
and adenoma specimens. The results indicated that the mRNA
levelof CBX2 wassignificantly upregulatedin CRA (Figure 2b).

Theoccurrence of CRCfollowed normal mucosa-adenoma-adeno-
carcinoma sequence. CBX2 expression was compared in human
tissue samples including normal mucosa (n=20), adenoma
(n=53) and adenocarcinoma (n=49) by immunohistochemistry.
H&E staining exhibited the morphological changes from normal
mucosa to adenoma and adenocarcinoma (Figure 3a). Notably,
immunohistochemical staining showed an increased trend in
protein level of CBX2 in those samples (Figure 3a). Robust CBX2
expression was observed in most of the adenocarcinomas, while
adenomas had moderate-signal intensity and normal mucosa
showedlow ornoexpression.
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Figure 3: Inmunohistochemical staining for the expression of CBX2 in
mucosa, adenoma and adenocarcinoma. (A) H&E staining showed the
morphologic structures of mucosa, adenoma, and adenocarcinoma; The
immunohistochemical staining revealed the expression status of CBX2.
(B) Rate of CBX2-hyperexpressionin each histopathological category. (C)
The scatter diagram showed immunohistochemical score of CBX2 in
mucosa,adenomaandadenocarcinoma(p<0.0001).

*xkIndicates p<0.0001, Blackscalebar: 200 um.
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Figure 4: Analysing ROC and AUC of CBX2 in CRA and CRC. (A) ROC curve
with corresponding AUC value for CBX2 when classifying CRA and
mucosa. (B) Distinguish CRC from CRA through ROC curve with corre-
sponding AUCvalueforCBX2.

ROC: Receiveroperating characteristiccurve, AUC: Areaunderthecurve.
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Tablel: Correlation of CBX2 with clinicopathological variablesin patients
with CRA.

08 4 31?&’;‘33% 08 mhﬁ;‘&% Characteristics No of patients n=53 (%) ﬁ:’i(z exp;?gs's‘im p-value
3 g Age
g " § <65 28 (52.8) [10 18 \ 0.748
g H 265 25 (47.2) [10 |15 |
8 04 8 04
8 k3 Gender
02 02 4 Male 32 (60.4) 14 [18 \
Female 21 (39.6) | 6 | 15 \ 0.265
0o | Prae0se 00  Pale=0052 Histology
0 M 100 % 0 % 0 15 Low-risk adenoma | 28 (52.8) [12 [16 \ 0.416
Months Months High-risk adenoma | 25 (47.2) | 8 | 17 |
c D Size
Overall servival (READ) Disease free survival (READ) =10mm | 28 (43.4) | 12 | 16 \ 0.416
10 — towoB 10 4 o >10mm | 25(37.7) | 8 |17 |
T s — e Location
05 n(High)=46 08 4 . Right colon 21 (39.6) 7 14
- - Left colon 26 (49.1) 10 16 0.722
3 oed § 08 Rectum 6(11.3) 3 3
i ;
s 91 $ o Table II: Association of CBX2 with clinicopathological characteristics in
CRC.
02 4 02 4
oo | Povalue=0.51 00 J Characteristics | No of patients n=49 (%) E)BV:Q exp;"(iegsts‘ion p-value
20 40 60 80 100 120 0 2 40 60 80 100 120 Age
Monks Monkés; <60 20 (40.8) 2 18 1
Figure 5: Kaplan-Meier survival curves for COAD and READ with high and >60 29 (59.2) 3 26
low CBX2 mRNA expression in GEPIA. (A-B) Kaplan-Meier survival curves Gender
for overall survival and disease free survival in COAD according to CBX2 Male 31 (63.3) 5 26
expression. (C-D) Kaplan-Meier survival curves for overall survival and Female 18 (36.7) 0 18 0.143
disease free survival in READ according to CBX2 expression. COAD, colon BMI
adenocarcinoma; READ, rectum adenocarcinoma. High and low CBX2 <22 32 (65.3) 5 27 0.149
expressionlevelsarerespectivelyindicatedinredandblue. =22 17 (34.7) 0 17 '
Diabetes
Furthermore, CBX2 immunohistochemical intensity was quan- _ 39 (79.6) 5 34 0569
tified. Among 122 specimens, 81 were high (staining score=6) + 10 (20.4) 0 10 ‘
and 41 were low (staining score<6) for CBX2. CBX2 hyperexpres- Location
ion rate was then calculated according to these three histopath pightcalen 3 (18.4) L8
SIOIT1 ratewas .en Calculatedaccordingtotnese ree. Istopatho- Lift colon 19 (38.8) 1 18 0.831
logical categories (mucosa, adenoma and adenocarcinoma). The Rectum 21 (42.8) 3 18
present result revealed that the ratio of high-level expression Lymphatic invasion
CBX2 increased in the following order: mucosa (20%, 4/20); :r gi Eié; ‘11 3; 0.349
adenoma (62.26%, 33/53) and adenocarcinoma (89.8%, 44/49) Metastasis
(Figure 3b). According to immunohistochemical score, the differ- - 29 (59.2) 2 27 0.636
ence in the mean CBX2 level among mucosa (mean score=SD: + 20 (40.8) 3 17 )
2.65+2.475), adenoma (mean score+SD: 6.604+3.626), and ﬁltage 7 G45] 5 i
adenocarcinoma (mean score + SD: 9.612 + 2.702) was statisti- v 32 (65.5) 3 29 1

cally significant (p <0.0001, Figure 3c). However, the expression
of CBX2 was not significantly different between low-grade
adenoma and high-grade adenoma (Table I). Altogether, those
data indicated that the expression of CBX2 was gradually
augmented during colorectal tumorigenesis, from normal
mucosa to adenoma and adenocarcinoma. Then, ROC and AUC
were utilised to predict the diagnostic value of CBX2 in distin-
guishing CRAfrommucosa, and CRCfrom CRA (Figure 4). The area
under the curve (AUC) values of CBX2 were 0.810 and 0.734,
respectively.

Fifty-three patients withadenoma were analysed and the clinico-
pathological characteristics were shown in Table I. Table | also
illustrated the correlation between CBX2 expression level and
clinicopathological variables. However, no statistically signifi-
cantcorrelations were observed between CBX2 expression level
and parameters including age (p=0.748), gender (p=0.265),
size(p=0.416), risk (p=0.416), orlocation (p=0.722).

The correlation between CBX2 expression and clinicopatholog-
ical factors of CRC was evaluated and shown in Table II. CBX2
expressiondid notvary significantly interms of gender (p=1.00),
age (060 years versus =60 years, p=0.143), segment of large
intestine (right, left and rectum, p=0.831), stage (I, Il versus I,
IV, p=1.00), and BMI (022 versus =22, p=0.149). Moreover,
CBX2 expression did not correlate with diabetes (p=0.569),
metastasis (p=0.387) orlymphaticinvasion (p=0.349).

The analyses of OS and DFS were performed via GEPIA (htt-
p://gepia.cancer-pku.cn/) using colorectal adenocarcinoma
samples from TCGA data).

The relationship between the clinical outcome of CRC patients
and the mRNA expression of CBX2 was evaluated by Kaplan-
Meier survival analysis and log-rank test. Analysis was
performed via GEPIA using colorectal adenocarcinoma samples
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from TCGA data, including 135 COAD patients and 46 READ
patients. Kaplan-Meier survival curves indicated that there was
no correlation between high CBX2 expression and short OS
(overall survival) in COAD (log-rank test, p=0.89) and READ
(log-rank test, p=0.51) (Figure 5a and 5c). The DFS (dis-
ease-freesurvival) of patients with high CBX2 patientsisshorter
than those with low expression, but being not obviously signifi-
cantin COAD (log-rank test, p=0.052) and READ (log-rank test,
p=0.097,Figure5band5d).

DISCUSSION

Studying the evolutionary processes of colorectal adenomas,
including its progression to cancer, remains challenging
because adenomas are often removed when detected during
colonoscopy.”’ However, thereis a practical need to understand
the adenoma biology and its progress to CRC. The selection of
the most beneficial treatment regimens in CRC remains chal-
lenging due to lack of prognostic markers. In this study, the
authors have focused on identifying novel biomarker of
sporadic CRA and CRC to characterise these neoplasms.

Recently, studies about DEGs or molecular biomarkers of CRA
and CRC have been increasingly reported. Based on these
results, aberrantly significant DEGs and pathways in CRC have
been identified. For example, CXCL3, and DSN1 are shown to
have diagnostic value with respect to the occurrence of
colorectal cancer.”*”

CBX2 is an important member of the CBX protein family and a
partofthe PRC1complexinvolvedinregulatingchromatinstruc-
ture.® CBX2 is widely considered to be a tumor-promoting gene
andplays animportantroleinthe occurrence and development
of many tumors, such as pancreatic ductal adenocarcinoma
and esophageal cancer.”* PCAT6 could upregulate the expres-
sion of oncogene CBX2 to promote tumorigenesis and progres-
sion of pancreatic ductal adenocarcinoma.” Similarly, high
CBX2 expression was significantly related with shorter disease-
specific survival, hematogenous recurrence, and overall recur-
rence in esophageal cancer.” However, the expression and
function of CBX2 isnotreportedincolorectal cancer.

In the present study, it was found that CBX2 was highly
expressed in CRA (GSE8671) and CRC (GEPIA) compared to
normal mucosa. The expression of CBX2 was successfully vali-
dated by immunohistochemical staining among normal
mucosa, adenoma and adenocarcinoma. Semi-quantitative
analysisofimmunohistochemicalstainingshowed CBX2 expres-
sionwas highestinadenocarcinoma, followed by adenoma, and
thelowestlevelin mucosa. Asanoncogene, CBX2 hyperexpres-
sion may be regulated by methylation. The authors employed
the Ualcan, and demonstrate the promoter hypomethylation
level of CBX2. CBX2 expression in adenoma and adenocarci-
noma had no significant correlation with clinicopathological
factors, such asage, genderand location. Besides, high expres-
sionof CBX2 inadenocarcinoma showed no obvious association
with tumor metastasis and stage. The authors did not detect a
significant correlation between CBX2 expression and the

overall survival of patients with CRC. Although CBX2 expression
had a negative correlation with the patient's disease-free
survival, there was no obvious significance.

Different from previous reports on CBX2 in other tumors, this
study suggested that the expression of CBX2 increased along
the sequence of mucosa-adenoma-adenocarcinoma, but there
was no prognostic significance of CBX2 in CRC. High expression
of CBX2 increased through the colorectal mucosa-adenoma-a-
denocarcinoma sequence indicating it may promote the transi-
tionofmucosal epitheliumtoadenoma, orevenintoadenocarci-
noma.

There are still several limitations in this study. The number of
specimens evaluated was relatively small for this retrospective
study. The function of CBX2 in colorectal neoplasm needs to be
confirmed through more assays, and the mechanism under-
lyingthe occurrence of CBX2in CRAand CRCremainstobeeluci-
dated.

CONCLUSION

CBX2 expression is gradually augmented along the mucosa-a-
denoma-adenocarcinoma sequence, which may define malig-
nant potential of adenoma evolving into adenocarcinoma.
Besides, CBX2 might also serve as a novel clinical diagnostic
markerand potential preventionand treatmenttargetfor CRC.
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