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Purpose: We aim to explore the predictive values of homeobox gene A-antisense transcript 3 (HOXA-AS3), cystatin 6 (CST6), and
chromobox homolog 4 (CBX4) expressions in cancer tissues for the recurrence of early colon cancer after surgery.

Patients and Methods: A total of 136 patients who received surgery from January 2020 to January 2021 were enrolled and followed
up for 24 months to observe the recurrence after surgery, based on which they were assigned into recurrence and non-recurrence
groups. All patients underwent a histopathological examination on admission.

Results: The recurrence group had a lower degree of differentiation as well as a higher HOXA-AS3 level and CST6 and CBX4
expression scores than those of the non-recurrence group (P<0.05). HOXA-AS3 level, CST6 expression score, and CBX4 expression
score were risk factors for the recurrence of early colon cancer after surgery [odds ratio (OR)>1, P<0.05]. The receiver operating
characteristic curve analysis showed that the areas under the curves of HOXA-AS3 level, CST6 expression score, CBX4 expression
score, and their combination for predicting recurrence were 0.909 [95% confidence interval (95% CI): 0.785-1.000], 0.819 (95% CI:
0.690-0.948), 0.794 (95% CI: 0.663-0.926), and 0.942 (95% CI: 0.882—1.000), respectively.

Conclusion: The expressions of HOXA-AS3, CST6, and CBX4 in cancer tissues have close correlations with the recurrence of early
colon cancer after surgery and are thus of high predictive values.
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Introduction

Colon cancer, a common gastrointestinal tumor, can cause symptoms such as abdominal distension and pain and may
lead to the generation of toxins that can be absorbed by human body. Early colon cancer can result in nutrient deficiency,
giving rise to manifestations such as emaciation, anemia, weakness, and edema in patients.! In addition, it may induce
intestinal obstruction and even have distant metastasis if not effectively treated in time, resulting in multi-organ
dysfunction and threatening the lives of patients.” The detection rate of early colon cancer is on the rise in recent
years since increasing numbers of people are receiving regular physical examinations. Early colon cancer is mainly
treated by surgery, which can effectively repress tumor progression and relieve clinical symptoms by resecting the
diseased tissues, but tumor recurrence still occurs.’ Recurrent colon cancer is characterized by a higher degree of
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malignancy, greater treatment difficulty, and poorer prognosis. Therefore, discovering indicators related to colon cancer
invasion is important for guiding clinical treatment and predicting prognosis.

Homeobox gene A-antisense transcript 3 (HOXA-AS3) is a novel long non-coding RNA, which belongs to the HOX
gene family and can regulate embryonic development and participate in the formation and differentiation of hemato-
poietic cells at the same time. HOX genes are expressed in various neoplastic diseases and play a key regulatory role in
the synthesis and transcription of DNA.** Long non-coding RNA HOXA-AS3 has a significantly higher expression level
in gastric cancer cells and tissues than that in normal gastric cells and adjacent tissues, and its high expression may
promote the proliferation, infiltration, and metastasis of gastric cancer cells.® The high expression of HOXA terminal
transcript-translated RNAs has an association with the prognosis of many malignant neoplastic diseases such as liver
cancer and lung cancer.” Thus, HOXA-AS3 may have a relationship with the prognosis of patients with colon cancer.

Members of the cystatin family contribute to the progression of various malignant neoplastic diseases such as liver
cancer, oral cancer, thyroid cancer, and pancreatic cancer.®’ Cystatin 6 (CST6) gene, a member of the cystatin family, is
located on chromosome 11q13. CST6 has a reduced expression in osteoblastic breast cancer samples and cells and can
inhibit tumor infiltration and bone metastasis.'® In addition to the inhibitory effect, CST6 also exerts a promoting effect
on tumors.'" For instance, CST6 has a significantly elevated expression in triple-negative breast cancer, which is
considered to be a tumor-promoting molecule and has correlations with the low disease-free survival rate and high
risk of lymph node metastasis.'> However, the role of CST6 expression in the recurrence of colon cancer after surgery
has seldom been referred.

Chromobox homolog 4 (CBX4) is a member of the CBX family. CBX4 participates in the proliferation, invasion, and
metastasis of cancer cells, and tumor growth can be impeded by downregulating CBX4 expression.'*'* CBX4 expression
is significantly higher in breast cancer tissues than that in adjacent tissues, and it is closely associated with high clinical
stage and metastasis.'” In addition, high CBX4 expression can promote the onset and progression of gastric cancer.'®
Prognostic values of CBX family members for colorectal cancer have recently been reported.'” Nevertheless, the
influence of CBX4 on the prognosis of patients with colon cancer still needs clarification.

Thereby motivated, the predictive values of HOXA-AS3, CST6, and CBX4 expressions for the recurrence of early
colon cancer after surgery were explored in this study, aiming to render a reference for treatment and prognostic
evaluation.

Materials and Methods

Baseline Clinical Data
A total of 136 patients with early colon cancer who underwent surgery in the hospital from January 2020 to January 2021
were included in this study.

Inclusion and Exclusion Criteria

The inclusion criteria were set as follows: (1) patients meeting relevant diagnostic criteria for colon cancer,'® (2) those
definitely diagnosed with primary colon cancer by pathological examination, (3) those with Dukes’ stage A colon cancer,
(4) those who had undergone surgical treatment, and (5) those who or whose family members signed informed consent.
The exclusion criteria involved: (1) patients who had received radiotherapy, chemotherapy, or targeted therapy before
surgery, (2) those with contraindications to surgery, (3) those with immune system diseases or hematological disorders,
(4) those with severe hepatic or renal insufficiency, (5) those with severe mental illness, or (6) those with other malignant
tumors.

Measurement of HOXA-AS3 Expression in Colon Cancer and Adjacent Tissues by
Real-Time Quantitative PCR

Following extraction of total RNAs from colon cancer tissues and adjacent tissues (about 5 cm from the lesion) by an
RNA extraction kit (Shanghai Beyotime Biotechnology Co., Ltd., China, R0011), the purity and concentration of total
RNAs were detected by UV spectrophotometry. Then cDNA was obtained through reverse transcription using
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PrimeScript™ II 1st strand cDNA synthesis kit (TaKaRa, Japan, 6210A) and stored in a refrigerator at —20°C. Next, the
expression of long non-coding RNA HOXA-AS3 was determined by real-time quantitative PCR. Upstream primer for
long non-coding RNA HOXA-AS3: 5’-GAAAGCTGCAACATGCTCCC-3°, downstream  primer: 5’-
TCCATGTCGTCCCAGTTGGT-3’ (synthesized by Sangon Biotech (Shanghai) Co., Ltd., China). GAPDH was used
as an internal reference. The 27T method was used to calculate the relative expression of target gene.

Measurement of CST6 and CBX4 Expressions in Colon Cancer and Adjacent Tissues

by Immunohistochemical Staining

Colon cancer and adjacent tissues were taken and prepared into sections with a thickness of 4 um, followed by detection
of CST6 and CBX4 expressions via immunohistochemical staining (Shanghai Beyotime Biotechnology Co., Ltd., China,
P0615). In brief, sections were deparaffinized in xylene (CgH,() and hydrated in gradients of anhydrous ethanol, 85%
ethanol, and 75% ethanol. Afterwards, tissue sections were boiled in citric acid antigen repair buffer (pH 6.0) to repair
the antigen, soaked in a 3% hydrogen peroxide solution to block endogenous peroxidase and sealed with 3% bovine
serum albumin (BSA). After that, they were incubated with primary antibody against CST6 (Proteintech, USA, 17076-
1-AP) and rabbit anti-human CBX4 polyclonal antibody (Elabscience Biotechnology Co., Ltd., China, E-AB-17696) at
4°C overnight, followed by addition of horseradish peroxidase-labeled secondary antibody polymer in appropriate drops
and incubation for 50 min in a greenhouse. Thereafter, tissue sections were subjected to color development with
diaminobenzidine (DAB), re-staining with hematoxylin, dehydration, and mounting. Then, immunohistochemical stain-
ing images were obtained using an automated scanning microscope (Olympus (Beijing) Co., Ltd., China, CKX53) and an
image acquisition and analysis system, and five fields of view were selected on each section to count the positive cells.
Film reading was completed by a senior pathologist. The staining results were graded according to the intensity of
staining as follows : brown (3 points), brownish-yellow (2 points), yellowish (1 point), and colorless (0 point). The
percentage of positive cells was classified into >75% (4 points), 51-75% (3 points), 26—50% (2 points), 5-25% (1 point),
and <5% (0 point). Final comprehensive expression score = intensity of staining x percentage of positive cells.

Recurrence After Surgery

Patients receiving surgery were followed up by telephone or reexamination in the hospital once every 3—6 months after
discharge from the hospital to observe the recurrence of colon cancer after surgery. Patients with recurrence within 24
months after surgery were included in recurrence group, while those without recurrence in the same period were assigned
into non-recurrence group.

Observation Indicators

The clinicopathological characteristics of patients with early colon cancer were compared between recurrence group and
non-recurrence group, including sex (male or female), age, tumor diameter, pathological type (adenocarcinoma or
others), tumor site (right or left hemicolon), degree of differentiation (high, moderate, or poor differentiation), tumor
diameter (<3 cm or >3 cm), depth of infiltration (T1 or T2), vascular invasion (yes or no), and HOXA-AS3, CST6, and
CBX4 expressions.

Statistical Analysis

SPSS 23.0 software was employed for statistical analysis. The measurement data were expressed as (mean + standard
deviation) and subjected to the #-test. The count data were expressed as case number (percentage) and subjected to the )(2
test, and the rank sum test was utilized for rank data analysis. The correlations between continuous and categorical
variables were tested by point biserial correlation analysis. A Cox regression analysis was conducted to examine the
effects of HOXA-AS3, CST6, and CBX4 on the recurrence of early colon cancer after surgery. Receiver operating
characteristic (ROC) curves were plotted to analyze the predictive values of HOXA-AS3, CST6, and CBX4 expressions
for the recurrence of early colon cancer after surgery. P<0.05 suggested that the difference was of statistical significance.
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Results
The results of 24-month follow-up showed that 12 (8.82%) out of the 136 early colon cancer patients treated with surgery
had recurrence after surgery. The cumulative recurrence curve is exhibited in Figure 1.

Among these patients, 87 were males and 49 were females, with an age of 46—68 years old, a body mass index (BMI) of 19—
29 kg/m?, and a tumor diameter of 1.9-5.8 cm. The mean age, BMI, and tumor diameter were (53.68+4.63) years old, (25.86
+2.13) kg/m?, and (3.52+0.76) cm, respectively. The degree of differentiation was lower in recurrence group than that in non-
recurrence group (P<0.05), whereas the sex, age, tumor diameter, pathological type, tumor site, tumor diameter, depth of
infiltration, and vascular invasion were statistically identical between the two groups (P>0.05) (Table 1).

The recurrence group had higher HOXA-AS3 level, CST6 expression score, and CBX4 expression score [3.28+1.13,
(5.62+1.37) point and (5.81£1.42) point] than those of the non-recurrence group [1.79+£0.42, (4.07+1.14) point and (4.19
+1.21) point] (P<0.001). The representative immunohistochemical staining images of CST6 and CBX4 expressions are
shown in Figure 2A, and the statistical chart for HOXA-AS3, CST6, and CBX4 is exhibited in Figure 2B.

According to point biserial correlation analysis, positive correlations were found between HOXA-AS3, CST6, and
CBX4 expressions and the recurrence of early colon cancer after surgery (>0, P<0.05). Besides, HOXA-AS3, CST6, and
CBX4 expressions were positively correlated with each other (r>0, P<0.05) (Table 2).

Cox regression analysis was carried out with HOXA-AS3 level, CST6 expression score, and CBX4 expression score
as independent variables (continuous variables) and the recurrence of early colon cancer after surgery as the dependent
variable (l=recurrence, 0=no recurrence). It was found that HOXA-AS3 level, CST6 expression score, and CBX4
expression score were risk factors for the recurrence of early colon cancer after surgery [odds ratio (OR)>1, P<0.05]
(Table 3).

According to the ROC curve plotted using HOXA-AS3 level (Figure 3), CST6 expression score and CBX4
expression score as the test variables and the recurrence of early colon cancer after surgery as the status variable
(1=recurrence, 0=no recurrence), the area under the curve (AUC) of HOXA-AS3 level, CST6 expression score, CBX4
expression score, and the combination of the three indicators for predicting the recurrence of early colon cancer after
surgery was 0.909 (95% CI: 0.785-1.000), 0.819 (95% CI: 0.690-0.948), 0.794 (95% CI: 0.663—0.926), and 0.942 (95%
CI: 0.882-1.000), respectively. The relevant parameters are shown in Table 4.
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Figure | Cumulative recurrence curve.
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Table | Clinicopathological Characteristics in Recurrence and Non-Recurrence Groups

Clinicopathological Characteristics Recurrence Non-Recurrence | Statistic P
Group (n=12) | Group (n=124) value

Sex [n (%)] Male (n=87) 7 (58.33) 80 (64.52) 7*=0.012 0912
Female (n=49) 5 (41.67) 44 (35.48)

Age (X £ s, year) 54.16x2.79 53.63+4.57 t=0.394 0.694

Tumor diameter (X £ s, cm) 3.71%0.69 3.48+0.75 t=1.021 0.309

Pathological type [n (%)] Adenocarcinoma (n=113) 10 (83.33) 103 (83.06) 2*=0.144 0.704
Others (n=23) 2 (16.67) 21 (16.94)

Tumor site [n (%)] Right hemicolon (n=60) 5 (41.67) 55 (44.35) 77=0.032 0.858
Left hemicolon (n=76) 7 (58.33) 69 (55.65)

Degree of differentiation [n (%)] | High differentiation (n=91) 4 (33.33) 87 (70.16) 7=2.642 0.008
Moderate differentiation (n=31) | 5 (41.67) 26 (20.97)
Poor differentiation (n=14) 3 (25.00) Il (8.87)

Tumor diameter [n (%)] <3 cm (n=43) 4 (33.33) 39 (31.45) 2*=0.037 0.848
23 cm (n=93) 8 (66.67) 85 (68.55)

Depth of infiltration [n (%)] TI (n=79) 6 (50.00) 73 (58.87) %*=0.354 0.552
T2 (n=57) 6 (50.00) 51 (41.13)

Vascular invasion [n (%)] Yes (n=10) 1 (8.33) 9 (7.26) ){2=0.050 0.823
No (n=126) I (91.67) 115 (92.74)

Discussion
There are approximately 1.2 million new cases of colon cancer each year on a global scale, and the prognosis of patients

with colon cancer is still far from satisfactory despite recent developments in medical equipment and technologies.'”

Therefore, suppressing the growth, infiltration, and migration of colon cancer cells is a crucial approach for improving
the prognosis of patients. Given that determining the prognosis based on tumor stage alone may have bias, discovering
novel reasonable biomarkers is of great clinical significance.

Chen et al reported that HOXA-AS3 was related to tumor recurrence in colon adenocarcinoma.”” In this study, the
HOXA-AS3 level in the recurrence group was significantly higher than that in the non-recurrence group, indicating that
HOXA-AS3 may be a risk factor for the recurrence of colon cancer after surgery. Additionally, the CST6 expression rose
in colon cancer tissues and that the CST6 expression score was significantly higher in the recurrence group, suggesting
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Figure 2 (A) Representative immunohistochemical staining images of CST6é and CBX4 expressions; (B) statistical chart for HOXA-AS3, CST6 and CBX4. ***P<0.001.
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Table 2 Correlations Between HOXA-AS3, CST6, and CBX4 Expressions and Their Correlations with Recurrence
of Early Colon Cancer After Surgery

Group HOXA-AS3 Level | CST6 Expression Score | CBX4 Expression Score
Group - 0.639/<0.001 0.355/<0.001 0.352/<0.001
HOXA-AS3 0.639/<0.001 | — 0.322/<0.001 0.210/0.014
CST6 expression score | 0.355/<0.001 | 0.322/<0.001 - 0.136/0.114
CBX4 expression score | 0.352/<0.001 | 0.210/0.014 0.136/0.114 -

Table 3 Effects of HOXA-AS3, CST6, and CBX4 on Recurrence of Early Colon Cancer After Surgery

Indicator p Standard Deviation Wald )(2 P OR 95% ClI

HOXA-AS3 level 2.238 0.515 18.856 <0.001 9.372 3.413-25.734
CST6 expression score 1.646 0.443 13.812 <0.001 5.184 2.176-12.346
CBX4 expression score 1.547 0.405 14.561 <0.001 4.697 2.122-10.396

that CST6 may act as a cancer-promoting gene in colon cancer and a potential molecular marker for predicting the
prognosis of patients. The results are consistent with those of Wu et al.!

In this study, the CBX4 expression score was significantly increased in the recurrence group in comparison with that
in the non-recurrence group, indicating that high CBX4 expression may be associated with the poor prognosis of patients
with colon cancer. Similarly, Wei et al reported that CBX4 was a potential predictor for the poor prognosis of patients
with colon cancer.””> Moreover, CBX4 expression was positively correlated with the recurrence of early colon cancer
after surgery. Possibly, high CBX4 expression may increase the malignancy and necrosis of tumors by enhancing the
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Figure 3 ROC curves of HOXA-AS3, CST6, and CBX4 expressions in predicting recurrence of early colon cancer after surgery.
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Table 4 Predictive Values of HOXA-AS3, CST6, and CBX4 Expressions for Recurrence of Early Colon Cancer After Surgery

Variable AUC Standard P 95% CI Cut-Off Sensitivity | Specificity | Youden
Deviation Index
HOXA-AS3 level 0.909 0.063 <0.001 | 0.785-1.000 2.075 0917 0.742 0.659
CST6 expression score 0.819 0.066 <0.001 | 0.690-0.948 4.635 points 0.833 0.702 0.535
CBX4 expression score 0.794 0.067 0.001 0.663-0.926 4.480 points 0.750 0.581 0.331
Combination 0.942 0.030 <0.001 | 0.882-1.000 - 0917 0.637 0.554

transcriptional activity of hypoxia-inducible factor-la through promoting the SUMOylation,> thereby affecting the
prognosis of patients.

Furthermore, the AUCs of HOXA-AS3 level, CST6 expression score, and CBX4 expression score for predicting the
recurrence of early-stage colon cancer after surgery were all >0.7, suggesting moderate predictive values of these three
indicators. Their predictive value was highest when the cut-off values were 2.075, 4.635, and 4.480, respectively. The
combination of the three indicators had a higher predictive value. These results suggest that particular attention can be
paid to the above indicators to assess the recurrence risk of colon cancer after surgery.

Conclusion

In conclusion, the expressions of HOXA-AS3, CST6, and CBX4 in cancer tissues are closely associated with the
recurrence of early colon cancer after surgery, and they have certain value in predicting the recurrence in patients after
surgery. Clinically, the risk of recurrence in patients with early colon cancer after surgery can be predicted by detecting
the expression of these indicators, and the prognosis of patients can be improved by taking early preventive interventions.
Nevertheless, this study is limited. The sample size is small, and the findings are obtained from a single medical center.
Additionally, this conclusion is not validated in an independent patient cohort. Further studies are ongoing in our group.
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