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Expressions of ZNF436, B-catenin, EGFR, and CMTMS in breast cancer
and their clinical significances
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As the leading malignancy among women, breast cancer is a serious threat to the life and health of women. In
this context, it is of particular importance that a proper therapeutic target be identified for breast cancer treat-
ment. We collected the pathological tissues of 80 patients, with the view to discovering appropriate molecular
targets for the treatment of breast cancer, this paper analyzes the expressions of ZNF436, B-catenin, EGFR and
CMTMS in breast cancer tissues, as well as their correlations with breast cancer in combination with the clin-
icopathologic characteristics of studied patients. Immunohistochemistry was utilized to detect the expression
levels of ZNF436, 3-catenin, EGFR and CMTMS3 in cancerous and paracancerous tissues of breast cancer
patients. The expression levels of ZNF436, B-Catenin and EGFR in breast cancer tissues were significantly
greater than those in paracancerous tissues in this study (p<0.05), while CMTMS was highly expressed in para-
cancerous tissues (p<0.05). Additionally, the correlation of the expressions of such indicators with the staging,
differentiation and lymphatic metastasis of breast cancer, were also found to be statistically significant at the
level p<0.05. The different expression levels of ZNF436, 3-catenin, EGFR and CMTMS3 in breast cancer and
paracancerous tissues open up the possibility of utilizing them as molecular markers for breast cancer. These
findings provide a theoretical basis for targeted molecular therapies for breast cancer, and hence carry a signif-
icant practical significance.
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Introduction

Breast cancer is deemed as one of the life- and health-threaten-
ing malignancies among women. Since the 1970s, the incidence of
breast cancer has been on the rise. According to relevant statistical
data, the incidence of breast cancer surpasses those of other malig-
nancies among women, with the incidence in urban areas eclipses
that in rural areas.! The incidence of breast cancer also tends to
firstly rise before dropping with age. In other words, younger
women have lower chances of getting breast cancer, whereas the
incidence peaks among the middle-aged women.? In response to
this issue, over the years, scholars have attempted to make relevant
investigations from a molecular perspective, explored possible
pathogenic mechanisms, and strived to increase the precision of
targeted therapies, all with the ultimate view to conquering breast
cancer as soon as possible.?

Studies have found that zinc finger protein 436 (ZNF436), -
catenin, epidermal growth factor receptor (EGFR), and CKLF-like
MARVEL transmembrane domain-containing protein 5 (CMTMS5)
are differentially expressed in different tumors. For instance,
ZNF436 has been verified as a cancer-promoting gene that is high-
ly expressed in tumor-associated cells, one of which are glioma
cells. As pointed out by Shang et al.,* it is possible to inhibit the
proliferation of glioma cells by silencing the genetic expressions of
ZNF436. B-catenin is also found to mostly participate in embryon-
ic development and tissue homeostasis among various other dis-
eases via the Wnt/B-catenin signaling pathway. Once this pathway
is abnormally activated, B-catenin may excessively accumulate in
cells, which then promotes the transcription of oncogene, and in
turn making f-catenin responsible for the incidences and progres-
sions of head and neck tumors, ovarian cancers, pancreatic can-
cers, and lung cancers.>”” EGFR, which is widely distributed on cell
surfaces, not only plays a critical role in the growth, proliferation
and differentiation of cells on the one hand; but may also trigger
the formation of tumors through mutation or over-expression on
the other hand. For this reason, investigating its influence on tumor
occurrence and progression is of particular importance.®®
Moreover, EGFR is also critical to self-healing in the human body,
which elevates its significance in biological practices. Last but not
least, CMTMS, while being poorly expressed in multiple tumor
cells, its overexpression can apparently promote tumor cells apop-
tosis as well as inhibit their proliferation and migration.!%-13

Although the relationships of these genes with other tumors
have become increasingly clear with every research done, and
although these genes have been known to offer a range of promo-
tional or inhibitive effects on different tumors, relevant informa-
tion on breast cancer has not been sufficiently investigated, while
their correlations with the patients’ clinical characteristics are also
yet to be clarified.!*!7 In light of this background, this study col-
lected specimens from patients during clinical practices to test the
levels of expression of these genes and analyze how the changes in

Table 1. Main experimental instruments.
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their expression levels would correlate with the patients’ age, sex,
tumor size, lymphatic metastasis, TNM staging, efc., providing
some theoretical grounds for a deeper understanding into the
pathogenesis of and development of cure for breast cancer.

Materials and Methods

Sample sources

With the consent of themselves and their families, 80 pairs of
specimens were taken from patients pathologically diagnosed with
breast cancer from October 2018 to April 2019 in the Affiliated
Hospital of Hebei University. Each of the specimen pair include
cancerous and paracancerous tissues, with the latter taken from
about 5 cm away from where the former was extracted.

The corresponding inclusion criteria are as described in the fol-
lowing: i) the breast cancer should be identified as primary breast
cancer by a postoperative pathological examination; ii) no history
of any preoperative treatment, such as chemoradiotherapy; iii) the
medical history and follow-up information are all complete; and
iv) no other neoplastic diseases or autoimmune diseases. The rele-
vant exclusion criteria are as follows: i) have undergone relevant
pre-operative treatment(s); ii) have a history of malignant tumors;
and iii) follow-up information is incomplete.

All the 80 patients enrolled were newly diagnosed, and their
age ranges between 33~72, averaging at 55.25 years. Based on the
classification stipulated in the AJCC Cancer Staging Manual (7%
edition), 30 patients were identified as stages |+l| patients, while
the remaining 50 were in stages IlI+IV. Their cancerous and pre-
cancerous tissues were obtained through surgical excision, and
then preserved in a 4% paraformaldehyde solution for immunohis-
tochemistry (IHC) later on.

Main instrument and reagents

The main instruments and reagents used in this research are as
listed in Tables 1 and 2.

Experimental methods

The cancer tissues and adjacent tissues obtained from the
surgery were fixed in 4% paraformaldehyde for 48 h. To begin
with, the fixed tissue samples were subject to dehydration and
waxing, and tissue blocks were placed in the embedding machine
for embedding and then in the freezing machine, where they were
frozen. After that, the paraffin blocks were cut into 3~4 um slices,
before being spread and roasted. Paraffin in the roasted slices was
removed and replaced with water to perform antigen retrieval.
After that, the samples were incubated in 3% hydrogen peroxide
for 25 min and then sealed with the serum. Subsequently, the
ZNF436, B-catenin, EGFR, and CMTMS5 were added into their
respective primary antibody solutions (diluted at 1:200, AF0427,

Paraffin slicing machine RM2235 Leica Germany
Electro- thermostatic blast oven QHO01-9030A Jing Hong Laboratory Instrument Shanghai
Electro-heating standing-temperature cultivator DH36001B Tianjin Taisite Tianjin
Ultra Purified Water System NWI0LVF Heal Force China
Microscope BX53 OLUMPUS Japan
Camera system of the microscope DP73 OLUMPUS Japan
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Affinity, Beijing, China; diluted at 1:100, WL0962a, Wanleibio,
Shenyang, China; diluted at 1:100, WL0682a, Wanleibio,
Shenyang; diluted at 1:50, D160395, Sangon Biotech, Shanghai)
for incubation overnight at 4°C. Then, they were rinsed with PBS
before being incubated in the secondary antibody solution (diluted
at 1:5000, #31460, ThermoFisher, Waltham, MA, USA) for 50 min
at room temperature. Afterwards, they were washed with PBS and
added with DAB color developing solution drop-by-drop until the
tissues were uniformly covered. The slices were then counter-
stained for 2 min using hematoxylin (G1004-100, Servicebio,
Wuhan, China), before they were dehydrated, applied with a
mounting medium, and mounted with a coverslip. Set the micro-
scope magnification to 400 times, and randomly select the brown-
yellow area as the field of vision to be observed. At this point, the
prepared slices were ready to be clipped on the microscope’s stage
to be observed. It could be seen that the target protein turned
brownish yellow due to the staining. For each slice, three different
areas were captured and saved. Image-Pro Plus was used to carry
out photodensitometry for each picture, and the average optical
density was calculated from the three pictures of the same slide.

Statistical analysis

Data processing was completed in SPSS 20.0, and all the
results are expressed in mean + standard deviation (M£SD). The
enumeration data were processed via the Chi-square test. This
study assumes p<0.05 as the threshold for statistical significance
(p<0.05, p<0.01, or p<0.001). The relevant graphs were generated
in GraphPad Prism 8.0.

Results

Expression levels of ZNF436, -catenin, EGFR and
CMTMS in breast cancer

Figure 1 shows the examples of the immunostaining for
ZNF436 (Figure 1A, Supplementary Figure 1), B-catenin (Figure
1B, Supplementary Figure 2), EGFR (Figure 1C, Supplementary
Figure 3) and CMTMS (Figure 1D, Supplementary Figure 4) in
breast cancer and paracancerous tissues. The average optical den-
sity for ZNF436 from the 80 cancerous tissues was 0.0146 and its
expression level was 9.125 times greater than that of paracancer-
ous tissues (0.0016). It was highly expressed in the cancerous tis-
sues, showing statistically significant differences (p<0.05). The
average optical density for B-catenin among the cancerous tissues
was 0.0285, which was 1.84 times larger than that in paracancer-
ous tissues (0.0155), showing statistically significant differences at

Table 2. Main experimental reagents.

the level of p<0.05. Likewise, EGFR was also highly expressed in
the cancerous tissues and its expression level was 1.2 times greater
than that in paracancerous tissues, showing statistically significant
differences (p<0.05). On the contrary, CMTMS5 was more highly
expressed in the paracancerous tissues at a level of 1.3 times
greater than that in the cancerous tissues, showing statistically sig-
nificance differences as well (p<0.05).

Variations in expression levels of ZNF436, B-catenin,
EGFR and CMTMS in breast cancer, and analysis on
their correlations to clinicopathological characteristics

By combining clinicopathological information of patients, an
analysis was made on the correlations of the expression levels of
these proteins with respect to the clinicopathological characteris-
tics. As indicated by the analysis results, their expression varia-
tions were significantly correlated with the clinical staging, differ-
entiation, and lymphatic metastasis of patients (p<0.05) but
showed no correlation with the patients’ age and tumor size. The
data have been presented in detail in Tables 3 and 4.

Expressions of tissue repair related protein EGFR and
analysis on their correlations to clinicopathological
characteristics of patients

In addition to analyzing the variations in expressions of EGFR
in tissues of patients with breast cancer, their correlations with
clinicopathological characteristics of patients are also analyzed.
The corresponding results are presented in Table 5. As can be
observed, EGFR expression levels were closely correlated with
clinical staging, tumor differentiation and lymphatic metastasis of
the patients, showing statistical significance at the level of p<0.05.

Discussions

Breast cancer is induced by the uncontrolled proliferation of
mammary epithelial cells under the actions of carcinogenic factors.
Early onset of breast cancer is manifested in breast lumps and nip-
ple discharge, efc. in most cases. Because such symptoms are
rather inconspicuous, it is much likely for them to be overlooked.
Over 70% patients have reached the advanced stage when seeking
medical advice. At the advanced stage, lymphatic metastasis has
occurred in most cancers, often accompanied with multiple-organ
pathology, leading to great difficulty in curing and high mortality.
Without a doubt, breast cancer is a serious threat to the lives and
wellbeing of patients.'®* How to implement early prevention, early
diagnosis and early treatment of breast cancer seem to be especial-
ly important.

ZNF436 AF0427 Affinity China
B-catenin WL0962a Wanleibio China
EGFR WL0682a Wanleibio China
CMTMS5 D160395 Sangon Biotech China
HRP-labeled goat anti-rabbit IgG #31460 thermoFisher the US
Absolute ethyl alcohol 10009218 Sinopharm China
Hematoxylin H8070 Solarbio China
Goat serum SL038 Solarbio China
DAB colour-developing reagent DA1010 Solarbio China
Hydrogen peroxide 10011218 Sinopharm China
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Figure 1. Expression levels of ZNF436, B-catenin, EGFR and CMTMS in breast cancer and paracancerous tissues. The expression levels

of ZNF436,
highly expressed in adjacent tissues (p<0.05).

-catenin and EGFR in breast cancer tissues were significantly higher than those in adjacent tissues (p<0.05); CMTM5 was
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Table 3. Expressions of ZNF436, B-catenin and CMTMS in breast cancer.

Clinicopathological Case ZNF436 (positive rate) B-catenin (positive rate) CMTM5 (positive rate)
characteristics number High- Low- High- Low- High- Low-
expression expression expression  expression expression expression

Age

<55 21 25(92.6%) 2(7.4%) 19(70.4%) 8(29.6%) 15(55.6%) 12(44.4%)

=55 53 47(88.7%) 6(11.3%) 41(77.4%) 12(22.6%) 32(60.4%) 20(39.6%)
Tumor size

<5cm 61 55(90.2%) 6(9.8%) 40(65.6%) 21(34.4%) 51(83.6%) 10(16.4%)

=5 cm 19 18(94.7%) 1(5.3%) 11(57.9%) 8(42.1%) 12(63.2%) 7(36.8%)
Clinical stages

1+11 30 24(80%) 6(20%) 16(53.3%) 14(46.7%) 22(73.3%) 8(26.7%)

H+v 50 44(88%) 6(12%) 31(62%) 19(38%) 34(68%) 16(32%)
Differentiation

Highly/moderately 59 51(92.7%) 4(7.3%) 30(54.5%) 25(45.5%) 32(58.2%) 23(41.8%)

differentiated

Poorly differentiated 25 18(72%) 7(28%) 16(64%) 9(36%) 20(80%) 5(20%)
Lymphatic metastasis

Yes 38 37(97.4%) 1(2.6%) 20(52.6%) 18(47.4%) 26(68.4%) 12(31.6%)

No 42 40(95.2%) 2(4.8%) 24(57.1%) 18(42.9%) 31(73.8%) 11(26.2%)

Table 4. Correlations of ZNF436, B-catenin and CMTMS5 expressions with breast cancer.

Clinicopathological Case ZNF436 (positive rate) B-catenin (positive rate) CMTM5 (positive rate)
2 ]

characteristics number X p x2 P X P

Age
<55 27 1.448 0.632 0.486 0.881 1.552 0.674
=55 53

Tumor size
<dem 61 10.444 0.000 7.146 0.012 4233 0.071
=5 cm 19

Clinical stages
1+l 30 4257 0.031 5810 0.004 7.354 0.038
N+1v 50

Differentiation
Highly/moderately differentiated 55 22.901 0.000 12.455 0.007 3.987 0.019
Poorly differentiated 25

Lymphatic metastasis
Yes 38 4.585 0.05 3.278 0.019 6.338 0.042
No 42

Table 5. EGFR expression levels in breast cancer and analysis on their correlations with clinicopathological characteristics

Clinicopathological characteristics ~ Case number EGFR (positive rate)
High-expression Low-expression
Age
<55 27 17(63%) 10(37%) 3.825 0.332
=55 53 45(84.9%) 8(15.1%)
Tumor size
<5cm 61 42(68.9%) 19(31.1%) 1.397 0.875
=5 cm 19 17(89.5%) 2(10.5%)
Clinical stages
I+ 24(80%) 6(20%) 2.072 0.049
H+1v 33(66%) 17(34%)
Differentiation
Highly/moderately differentiated 55 46(83.6%) 9(16.4%) 1.996 0.028
Poorly differentiated 25 21(84%) 4(16%)
Lymphatic metastasis
Yes 38 28(73.7%) 10(26.3%) 3.528 0.007
No 42 33(78.6%) 9(21.4%)
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With the emergence of molecular targeting treatment in recent
years, scholars begin to attach increasingly great importance to
abnormally expressed molecules in the course of breast cancer
occurrence. It is expected that not only can molecular markers of
breast cancer be identified at a molecular level, but molecular
pathogenesis may be clarified.”” In the present study, four genes
that may become molecular markers of breast cancer are selected,
that is, ZNF436, B-catenin, EGFR and CMTMS. Variations in their
expression levels in breast cancer tissues are analyzed, so are their
correlations to clinicopathological characteristics of patients. As
revealed by relevant results, ZNF436, B-catenin and EGFR signif-
icantly are highly expressed in breast cancer tissues, while the
expression level of CMTMS there is down-regulated. In the future,
they may be used as molecular targets in the treatment and diagno-
sis of breast cancer.

ZNFs, as important transcription factors, extensively partici-
pate in the occurrence and progression of various tumors, playing
a part in inhibiting or promoting the cancer. ZNF436 is a critical
member of ZNFs. However, tumors involving ZNF436 are seldom
investigated, but other transcription factors of this family have
been reported to be concerned with various life actions. It has been
manifested in lots of research that cell resistance to apoptosis and
chemotherapy resistance enhancement, efc. are directly associated
with ZNF703 expression upregulation. Alternative splicing iso-
mers ZNF148-FL and ZNF148AN of ZNF 148 are present.? It has
been demonstrated by Liu et al.? that ZNF 148-FL has the potential
to promote proliferation, invasion and migration of colorectal can-
cer cells; nevertheless, the opposite is true for ZNF148AN. The
above two alternative splicing isomers of ZNF148 may exert a
mutual antagonistic action on bioactivity of malignant tumors.?’ In
an overview presented by Gualtero et al., it is pointed out that
ZNF510 in oral cancer is the only newly emerging biomarker in
patients at T1+T2 or T3+T4 stages; moreover, ZNF510 shows high
sensitivity and specificity in differentiating early and late tumors.?!
Beyond that, ZNFs are also involved in occurrence and progres-
sion of colorectal cancer, head and neck squamous cell carcinoma
and stomach cancer, efc.!” They may serve as independent indexes
for prognosis prediction.??2*

[-catenin, a key member in Wnt/B-catenin signaling pathway,
is proven to play a regulating role in various diseases, including
occurrence and progression of tumors. With high heterogeneity,
liver cancer is concerned with regulation on multiple signaling
pathways. Wnt/B-catenin signaling pathways are frequently up-
regulated in hepatocellular carcinoma (HCC) and related to tumor
maintenance, drug resistance, and tumor progression and metasta-
sis. Therefore, finding an appropriate drug acting on the Wnt/f3-
catenin signaling pathway is of particular significance for Wnt/f-
catenin treatment. According to Yang et al., Tankyrase (TNKS) is
a carcinogen for ovarian carcinoma cell proliferation. It may pro-
mote aerobic glycolysis by activating Wnt/B-catenin signaling.
This reflects that TNKS may be a potential molecular target for
clinical treatment of Wnt/B-catenin dependent ovarian cancer.?® As
Whnt/B-catenin signaling pathway plays a critical role, targeting it
or one of its downstream pathways is considered as an effective
approach to improve chemotherapeutic efficacy for tumors, con-
tributing to their treatment.?’

Gene polymorphism of CMTM may influence susceptibility of
individuals to cancers. In a survey by Bei et al., how polymor-
phism of CMTM family genes in the populations in southern
China is correlated to HCC is explored. As shown by relevant
results, polymorphism of rs3811178 in CMTMS5 and rs164207 in
CMTM6 may be associated with hereditary susceptibility to HCC
among the southern people in China.?® Moreover, CMTMS also
has the capability to inhibit proliferation of tumor cells in prostatic
cancer, liver cancer and ovarian cancer, promote apoptosis, and

[European Journal of Histochemistry 2021; 65:3173]

CPress

lower both invasiveness and migration capability of cells.
Therefore, it may be used as a potential target for tumor treat-
ment.2%30

In terms of physiological functions, EGFR has a function to
regulate development and homeostasis of epithelial tissues. It may
turn into a driving factor for tumorigenesis in a pathological con-
text. Through cell cycle disorder, EGFR can promote and activate
related signaling pathways, such as Wnt/B-catenin mentioned
above. Activation induced by EGFR may accelerate occurrence of
lung cancer, and head and neck cancer, etc., as well as raise the
resistance to drugs.’32 EGFR is not only extensively highlighted
in research on tumors, but also critical to tissue repair.’* In addi-
tion, EGFR is proven to be able to repair renal injuries. For exam-
ple, EGFR can be activated shortly after wounding of renal tubular
cells, signifying that EGFR is able to significantly facilitate wound
repair.’® Severe acute respiratory syndrome coronavirus (SARS-
CoV), a highly pathogenic respiratory virus, can attack human
beings and cause death. Infection with this virus may lead to acute
lung injuries and pulmonary dysfunction. In this case, not only
should lung injuries be repaired, but pulmonary dysfunction needs
to be relieved. Pulmonary fibrosis may be developed among many
patients infected with SARS-CoV. It is found by Venkataraman et
al. that EGFR-regulating wound healing approach is critical to
repair of tissue injuries induced by SARS-CoV in a mouse model
with an onset of SARS-CoV. In conformity with their research
findings, regulating the activation induced by EGFR may prevent
fibrosis progression caused by infection with SARS-CoV.3* As far
as the research made by Shi ef al. is concerned, a SD rat is utilized
to construct a peptic ulcer model; and the model is further adopted
to explore influence of tissue glue on mast cells (MCs) and EGFR
in the rat. It turns out that the tissue glue is able to enhance regen-
eration and repair capability of gastrointestinal mucosa via EGFR-
mRNA up-regulation, so as to reduce the number of MCs and pro-
mote gastrointestinal mucosa healing.>> Moreover, EGFR is
demonstrated to play an essential role in tissue repair in lots of the
existing literature.

The present study, focused on ZNF436, $-Catenin, EGFR and
CMTMS, reveals that they are critical to breast cancer. Hopefully,
appropriate molecular targets can be provided for early diagnosis
and treatment of breast cancer. It is believed that the clinical appli-
cation prospect of molecular targeting treatment will become more
promising as relevant research becomes increasingly profound.
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