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Introduction 
 
Colon adenocarcinoma (COAD) is common in 
the digestive system with high morbidity and 
mortality (1). The incidence of COAD is growing 
year by year in China, and the involved popula-
tion are getting younger because of lifestyle and 
dietary changes in the past decades (2). The path-
ophysiology of COAD, like that of other malig-

nant tumors, remains largely under investigated. 
COAD, as we know, is caused by a combination 
of genetic and environmental elements. Addi-
tionally, COAD is affected by a variety of factors, 
such as the environment, alcohol, cigarette addic-
tion, intestinal homeostasis, diet, and physical 
activity (3). However, the treatment of COAD is 

Abstract 
Background: Colon adenocarcinoma (COAD) is one of the most common cancer happened in gastrointesti-
nal tract, with the overall incidence rate of 4%-5% among human beings. Like most malignancies, we uncov-
ered the exact mechanisms of the pathogenesis of colorectal cancer yet. Therefore, there is an urgent need to 
explore the molecules that can be used as diagnostic maker at early stage. In addition, we also need to define 
the essential factors that related to the prognosis and treatment of the colon carcinoma.  
Methods: The study was conducted at the Third Affiliated Hospital of Qiqihar Medical University, Qiqihar, 
China in September 2020. The R language was used to identify the differentially expressed genes. We per-
formed receiver operating characteristic curve analysis to determine the diagnostic markers for COAD. The 
machine learning strategy was used to assess the effectiveness of genes in the diagnosis of COAD. The mo-
lecular mechanism and prognostic value of genes were explored by bioinformatics analysis and molecular ex-
periments.  
Results: The expression level of heat shock factor 4 (HSF4) was significantly elevated in COAD patients 
(P=1.89×10-29), according to The Cancer Genome Atlas (TCGA) database. Additionally, survival analysis 
showed the higher expression level of the HSF4 was correlated with the poor prognosis in COAD.  
Conclusion: The HSF4 was the target gene of zinc finger protein 692(ZNF692). HSF4 might promote the 
progression of COAD through the apoptosis pathway. It was diagnostic and prognosis maker of COAD. Fur-
thermore, the upstream gene of HSF4, ZNF692, promotes the progression of colorectal cancer by regulating 
HSF4 expression. 
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still dominated by surgery, supplemented by radi-
otherapy and chemotherapy. Moreover, there are 
considerable individual variances in treatment 
effect among individuals with COAD. Although 
there are multiple choices for the COAD treat-
ment, but the flaws of the foregoing strategies are 
clear in patients with advanced COAD, resulting 
in a dismal prognosis. With this in mind, the dis-
tant lymph node metastasis, peritoneal metastasis, 
and hematological metastasis are the most com-
mon types of postoperative metastasis for CO-
AD, and they are accompanied with local recur-
rence typically (4, 5). As the fact that the most 
prevalent cause of therapeutic failure in COAD is 
hematogenous metastasis. The survival rates of 5 
years among the patients, who are suffering with 
colon carcinoma, with distant, local, or no metas-
tasis are ranging from 10% to 90%, in other 
words, are negatively corelated. The goal of this 
study is to find early detection indicators and to 
investigate the essential factors involved in CO-
AD development and metastasis. 
Heat shock factor 4 (HSF4) is a histone H3 varia-
tion of centromeric nucleosomes, which is neces-
sary for normal chromosomal segregation assem-
bly (6, 7). Artificial overexpressed HSF4 may lead 
to its cellular mis-localization, which will cause 
the dysfunction of the kinetochores, resulting in 
abnormal chromosomal separation and genomic 
instability (8-10). Furthermore, the abnormal ex-
pression of HSF4 and abnormalities of the func-
tion of HSF4 caused compromised genomic in-
tegrity led to improper cell division to occur, 
which may induce the development of cancers 
(11-13). Moreover, HSF4 nonphysiologically in-
clusion has been linked to human cancer in the 
past (14-16). On the other hand, HSF4, has only 
been documented in a few cases of COAD, and 
may be utilized as a diagnostic and therapeutic 
target for the disease. 
The current study evaluated the involvement of 
the HSF4 in COAD progress, by the data from 
in vitro studies and clinical specimens from pa-
tients.  
 
 

Methods 
 
Data acquisition 
Through the collecting of cancer-related omics 
data, the Cancer Genome Atlas (TCGA) offers a 
huge, free reference library for cancer research, 
which is publically accessible through the TCGA 
Data Portal (https://cancergenome.nih.gov). In 
September 2020, we retrieved the expression ma-
trix of COAD patients as well as pertinent clini-
cal data from the TCGA database. 
 
Reagents and cell culture 
COAD cell lines (LS513，CW2), normal human 
colon tissue cells (CCD-18CO cells) were all pur-
chased from American Type Culture Collection 
(ATCC). In a 37 ℃ incubator with 5% CO2, 
RPMI-1640 medium (Solarbio, China) were used 
to grown the COAD and BEAS-2B cells. Addi-
tionally, 10% (v/v) fetal bovine serum (FBS, 
Noverse), 100 U/mL of penicillin, and 100 
μg/mL of streptomycin (Solarbio) were added to 
the. Within the past three years, short tandem 
repeat profiling has been used to validate all hu-
man cell lines. All of the investigations were done 
on mycoplasma-free cells. 
 
RNA extraction and qRT-PCR 
TRIzol (Invitrogen, Carlsbad, CA, USA) was 
used to extract the total RNAs, followed the in-
struction by the manufacturer. 1 ug extracted 
RNA was reverse transcribed to cDNA, using the 
Moloney Leukemia Virus Reverse Transcriptase 
Kit (Madison, Wisconsin, Promega, USA). Then 
the qRT-PCR was carried out to amplify the 
samples to analyze mRNA expression level using 
Green Mix SYBR (Promega) kit. The housekeep-
ing gene, GAPDH was referred to normalize the 
expression of the samples. Each experiment was 
repeated three times to determine the FC in the 
relative expression level, and the data were ana-
lyzed using the 2-△△CT method. The primer 
sequences utilized in this work are included in 
Table S1. The primers were created by the NCBI 
website's “pick primer” online tool. 
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Western blot  
COAD cells were lysed in the RIPA buffer 
(Thermo Fisher Scientific) (Sigma- Aldrich) sup-
plemented with protease inhibitor cocktail. Pierce 
Protein Assay Kit (Pierce, USA) was utilized to 
measure the protein concentration in the cell ly-
sates. Proteins were separated by SDS-PAGE gel, 
then the proteins were transferred to polyvinyli-
dene difluoride (PVDF) membranes. All the pri-
mary antibodies used in this study are listed here: 
MMP2 (Abcam, UK, ab37150), MMP9 (Abcam, 
ab73734), PLEKHG5 (Sigma-Aldrich), N-
cadherin (Abcam, ab76011), Vimentin (Abcam, 
ab8069), mDia (Santa Cruz, USA, sc-373895), 
GAPDH (Cell Signaling Technology, USA, 
5174). Chemiluminescence (Bio-Rad, USA) was 
used to quantify proteins in line with the meth-
odology of the manufacturer. 
 
Cell proliferation assay 
The viability of the cells was measured by the 
Cell Counting Kit-8 (CCK-8) assay as indicated 
by the protocol from the manufacturer. Briefly, 
the cells were seeded in 96-well plates with ap-
propriate amount of tumor cells. Then the varied 
amounts of TMZ or a dime-thyl sulfoxide con-
trol was incubated with the cells. After that, the 
CCK-8 solution was supplemented into the wells. 
Cells were found in a microplate reader at 450 
nm of absorbance. 
 
Apoptosis Assay  
When cells were treated with various doses of 
NG52, the apoptosis test was done using the 
Annexin-Vfluorescein isothiocyanate 
(FITC)/propidium iodide (PI) staining technique 
(KeyGen Biotech, Nanjing, China). The tests 
were conducted in line with the manufacturer's 
recommendations. 
 
Biological function and pathway enrichment 
analysis 
There are certain genes that are functionally relat-
ed because of the similar cellular expression dis-
tribution. Genes positively correlated with HSF4 
in the selected modules above (shown by Cyto-
scape 3.6.1) were found by calculating the corre-

sponding topological overlaps. After that, it un-
derwent pathway analysis using the Kyoto Ency-
clopedia of Genes and Genomes (KEGG) and 
the Gene Ontology (GO). Then the enriched bi-
oprocesses and KEGG pathways were obtained 
using the "clusterprofiler" package of the 
R/Bioconductor software for further analysis. 
Furthermore, HSF4 expression (median value) 
was utilized to divide TCGA samples into two 
groups, and gene set enrichment analysis (GSEA) 
software (http:// software. broadinstitute. org/ 
gsea /index.jsp) was utilized to confirm the re-
sults of GO and KEGG analysis in the two 
groups. Notably, GSEA had nominal P-value and 
false discovery rate (FDR) cut-offs of 0.05 and 
0.25, respectively. 
 
Statistical analysis  
For statistical analysis, we utilized SPSS 23.0 
(IBM Corp., Armonk, NY, USA) or GraphPad 
Prism 7 (GraphPad Prism, Inc., La Jolla, CA, 
USA). The final data were presented as the aver-
age SD of three separate studies. To compare 
two or three groups, the Student's t-test or 
ANOVA were utilized, accordingly. 
 
Results 
 
COAD patients and COAD cells had high ex-
pression levels of HSF4 
To explore the function of HSF4 in COAD, we 
determined the HSF4 expression levels in the 
TCGA database. We discovered the expression 
level of HSF4 was considerably higher in COAD 
patients (T=1.988, P=1.89×10-29 Fig.1A). More-
over, the sensitivity and specificity of HSF4 for 
the diagnosis of COAD in the TCGA database 
were examined using ROC curve analysis. For 
COAD, HSF4 demonstrated a strong diagnostic 
significance (AUC=0.903 [0.873, 0.927], 
P<0.0001) (Fig. 1B). Furthermore, the efficiency 
of HSF4 in diagnosing COAD was then evaluat-
ed using logistic regression. After constructing 
the confusion matrix, the mean of AUC (0.903) 
on the ROC curve of HSF4 was calculated (Fig. 
1C). The averages for accuracy, precision, recall, 
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and F1-score were 0.900, 0.924, 0.970, and 0.946 
(Fig. 1C). RT-qPCR and western blot results re-
vealed that the COAD cell lines had greater 
amounts of HSF4 mRNA and protein levels than 
that of normal human colon tissue cells (CCD-

18CO cells) (Fig. 1D,E). Taken together, our 
findings indicated that the HSF4 performed well 
in distinguishing COAD samples from normal 
controls.  

 

 
 

Fig. 1: HSF4 is elevated in COAD patients and COAD cells. (A)TCGA database showed that HSF4 expression 
was considerably elevated in COAD patients. (B) ROC curve analysis showed that HSF4 had high diagnostic signifi-

cance for COAD. (C). Evaluation metrics of each fold. (D). Western blot was used to detect the protein levels of 
HSF4. (E). RT-qPCR was used to detect the mRNA levels of HSF4. ****P < 0.0001 

 
Survival analysis of HSF4 in COAD 
In order to explore the relationship between 
HSF4 and prognosis of COAD, survival analysis 
determined that the increased level of HSF4 was 
negatively correlated with prognosis or positively 
corelated with the cancer-related mortality of 

COAD patients (P=0.026 
HR=1.56;95%CI=1.05−2.32，Fig. 2A,B). Like-
wise, in 2-, 3-, and 4-year survival, the area under 
the curve of time dependent ROC curve was 
0.635, 0.656, and 0.642 (Fig. 2C). 
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Fig. 2: Survival analysis of HSF4 in COAD. (A) HSF4 expression and the survival time scatter gram of COAD 
patients; (B) The survival curves for groups with different expression levels of HSF4; (C) Time-dependent receiver 

operating characteristic (ROC) curve of HSF4 expression in predicting OS of COAD 
 
Knockdown of HSF4 promoted cell apoptosis 
and inhibited cell proliferation in vitro 
The COAD cell lines LS513, CW2 were trans-
fected with si-HSF4 and the negative control 
siRNA (siRNA NC). Then the cell proliferation 
ability was detected by CCK-8 assay, and it was 
found that the level of cell proliferation was dra-

matically reduced after HSF4 knockdown (Fig. 
3A). In addition, the GSEA software was utilized 
to examine the relationship between HSF4 ex-
pression and KEGG pathway gene sets. In fact, 
the cell apoptosis was shown to be considerably 
increased (NES= -1.603, P= 0.0029) (Fig. 3B).  

 

 
 
Fig. 3: Knockdown of HSF4 promoted apoptosis and inhibited cell proliferation in vitro. (A). The cell prolif-
eration was measured by CCK-8 assay after HSF4 knockdown. (B). GSEA analysis showed that apoptosis were sig-

nificantly enriched. **P< 0.01 
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HSF4 was the target gene of ZNF692 
We discovered that HSF4 might be the target 
gene of ZNF692, analyzed by the R package 
“Dorothea”. The expression level of ZNF692 in 
TCGA database was shown to be considerably 
higher in COAD patients. (T=1.997, 
P=2.606×10-31 Fig. 4A). Furthermore, RT-qPCR 
and western blot results revealed that the COAD 
cell lines had higher level of ZNF692 mRNA and 

protein level than that of normal human colon 
tissue cells (CCD-18CO cells) (Fig. 4B, C). Addi-
tionally, we created a ZNF692 overexpression 
construct and transfected it into LS513 cells. 
Overexpression of ZNF692 induced HSF4 ex-
pression (Fig. 4D). In contrast, knocking down 
ZNF692 with shRNA produced the opposite ef-
fect (Fig. 4E), demonstrating that ZNF692 con-
trols the expression of HSF4. 

 

 
Fig. 4: HSF4 was the target gene of ZNF692. (A) TCGA database showed that ZNF692 expression was elevated 
considerably in COAD patients. (B) RT-qPCR indicated that the mRNA level of ZNF692 was raised in the COAD 
cell lines compared to those in normal human colon tissue cells (CCD-18CO cells). (C) Western blot revealed that 
the protein level of ZNF692 was raised compared to those in normal human colon tissue cells (CCD-18CO cells). 
(D) We found that overexpression of ZNF692 did induce the expression of HSF4. (E) shRNA-mediated knock-

down of ZNF692 did reduce the expression of HSF4. **P < 0.01, ****P < 0.0001 
 
ZNF692 stimulates COAD cell proliferation 
in a HSF4 dependent manner 
HSF4 was knocked down in ZNF692-
overexpressing LS513 cells to test this theory. 
The CCK8 experiment revealed that ZNF692 + 

sh-Control LS513 cells proliferated faster than 
Empty vector + sh-Control LS513 cells, but it 
was reversed by HSF4 knockdown (ZNF692 + 
sh-HSF4) (Fig. 5), suggesting that ZNF692 in-
creases COAD cell proliferation through HSF4. 
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Fig. 5: ZNF692 stimulates COAD cell proliferation in a HSF4 dependent manner. CCK-8 was utilized to as-
sess the proliferation of LS513 cells that were stable in their expression of ZNF692 + sh-HSF4. **P < 0.01, ***P < 

0.001,****P< 0.0001 
 
Discussion 
 
Actually, COAD is the second-leading cause of 
carcinoma-related death all over the word (17). 
The inner epithelial cells of colorectal tissue are 
generated from endoderm cells through a multi-
step process, which are started from normal epi-
thelial cells to adenomatous polyps, then invasive 
colorectal cancer, also together with the inactiva-
tion of tumor suppressor genes and the activation 
of oncogenes (18). Patients with advanced CO-
AD had a worse treatment response and survival 
rate than those with early COAD. Specifically, 
the rates of 5-year survival declining from 50% to 
10% in the advanced instances. The most fre-
quent radical treatment for locally advanced CO-
AD is surgical tumor removal; however, for the 
metastatic carcinoma, which could not be able to 
cure by the traditional surgical, radiation, or 
chemotherapy, there is no optional choice to cure 
it (19). The COAD quantitative investigations 
show that conversion between stem cells and ma-

lignant carcinoma cells are happened within 10 
years, and those carcinoma cells gain the poten-
tial to spread nearby tissues in the following 5 
years (20). There are about 30%–40% of COAD 
patients experience recurrence following therapy, 
so the early and accurate identification is critical 
for disease management and prevention. Given 
the clinical hurdles of improving the prognosis of 
COAD patients with therapeutic techniques, a 
considerable number of patients getting standard 
therapy still suffer recurrence. To develop effec-
tive treatments, it is critical to uncover novel ap-
proaches, particularly molecular markers, for 
conducting quick colorectal cancer diagnosis and 
assessments, discovering novel therapy targets, 
and greater understanding of the fundamental 
COAD molecular mechanisms. 
ZNF692 is the member of Krüppel C2H2 type 
zinc finger protein family; it contains five repeats 
of the C2H2-type zinc finger. Functionally, 
ANF692 may be able to regulate the gene tran-
scription (21-23). In the past decades, there are 
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growing data suggests that ZNF692 plays an crit-
ical role in tumor initiation and progression 
(24,25). Additionally, based on the publicly avail-
able data from the UALCAN database, ZNF692 
was overexpressed in fourteen different types of 
cancer, such as head and neck squamous cell car-
cinoma, renal clear cell carcinoma, COAD, lung 
squamous cell carcinoma, bladder urothelial car-
cinoma, lung adenocarcinoma, and prostate ade-
nocarcinoma (26, 27). Furthermore, in four of 
these cancers, ZNF692 was linked to a poor 
prognosis, such as COAD, adrenocortical carci-
noma hepatocellular carcinoma, and renal clear 
cell carcinoma (28). ZFX expression was shown 
to be strongly connected with advanced stage and 
poor survival, and to play a significant role in 
COAD tumor growth (29, 30). 
Furthermore, potential oncogenes with diagnos-
tic and prognostic relevance were the focus of 
this investigation. HSF4 and ZNF692 were dis-
covered to be elevated in COAD samples from 
the TCGA dataset. The mRNA and protein lev-
els of HSF4 and ZNF692 were both raised when 
compared to normal human colon tissue cells, 
according to RT-qPCR and western blot. High 
HSF4 and ZNF692 expression levels were 
strongly linked with a poor prognosis in COAD. 
In addition, HSF4 gene expression level has a 
certain prognostic value in the long-term survival 
of COAD patients, according to a time-
dependent ROC curve. 
Our results from CCK8 assay suggested that 
knockdown of ZNF692 significantly decreased 
COAD cell proliferation. Moreover, we discov-
ered that overexpression of ZNF692 induced 
higher expression of HSF4. In contrast, knocking 
down ZNF692 with shRNA produced the oppo-
site effect, demonstrating that ZNF692 regulates 
the expression of HSF4. In this case, through 
HSF4 signaling, we observed that ZNF692 in-
creased COAD cell proliferation. 
 
Conclusion 
 
The expression of ZNF692 is considerably ele-
vated in COAD tissues and cell lines. Further-

more, ZNF692 increases colorectal cancer 
growth by modulating HSF4 expression. As a 
result, the current findings clearly imply that 
ZNF692 is a carcinogen in COAD and might be 
a new prognostic marker for the illness. 
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