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Although the B-cell translocation gene 1 (BTG1) plays an important role in apoptosis and negatively regulates
cell proliferation, BTG1 expression in skin squamous cell carcinoma (SCC) has not been reported. In this study,
we wanted to investigate the signiﬁcance of BTG1 expression in SCC and adjacent tissues. The expression of
BTG1 protein and mRNA in SCC tissues and adjacent tissues were detected by immunohistochemistry
technique (IHC), Western blot and reverse transcriptase-polymerase chain reaction (RT-PCR). IHC staining
showed that the positive expression rate of BTG1 protein in SCC tissues was 54.00%; and the positive rate was
90.50% in the adjacent tissues. Western blot showed that the expression of BTG1 protein in SCC tissues was
signiﬁcantly lower than that in the adjacent tissues (P\0.05). RT-PCR showed that the positive rate of BTG1
mRNA in SCC was 50.50%, which was signiﬁcantly lower than that in adjacent tissues 89.00% (P\0.05).
Both BTG1 mRNA and protein expression are related to tumor diameter, stage, tumor metastasis and the
degree of tumor differentiation in SCC. Patients exhibiting lower BTG1 protein expression in the SCC tissues
had a signiﬁcantly shorter disease-speciﬁc survival rate. BTG1 protein expression, tumor diameter, tumors site
and stage were independent factors affecting the overall survival of postoperative patients. Further, BTG1
overexpression inhibited A431 cell proliferation ability, while BTG silencing enhanced A431 cell proliferation
ability. The lower expression of BTG1 in SCC may be associated with the occurrence, development and
prognosis of SCC.
Keywords. B-cell translocation gene 1 (BTG1); skin squamous cell carcinoma (skin SCC); therapeutic and
diagnostic strategies; prognosis

1. Introduction
Skin squamous cell carcinoma (SCC) is a nonmelanoma skin cancer, which is a malignant tumor
originating from keratinocytes of epidermis or appendages (Bruner and Bashline 2019; Lailheugue et al.
http://www.ias.ac.in/jbiosci

2019). It often occurs on the basis of precancerous
diseases of some skin diseases, or evolves from various
precancerous diseases, some of which are primary. The
pathogenesis of SCC is still unclear. The exposure site
is the main cause of death from non-melanoma skin
cancer. In recent years, the incidence of SCC in China
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is increasing year by year. Surgery, radiotherapy and
chemotherapy are the main treatment methods, but its
prognosis is poor (Sullivan et al. 2019; Wu et al. 2018).
Therefore, reliable diagnostic markers is quite important in early diagnosis of SCC.
B cell translocation gene family (BTG family) can
regulate cell growth, promote cell differentiation and
maturation, and inhibit cell apoptosis (Fu et al. 2012).
There are more than 20 members of this family. B-cell
translocation gene 1 (BTG-1) is a p53 up-regulated
gene, which mainly regulates cell proliferation and
differentiation (Zhang et al. 2017; Sasajima et al.
2012). BTG-1 is a newly discovered tumor suppressor
gene, which is expressed in stationary and differentiated cells. When cells enter the proliferation cycle,
BTG-l is down-regulated (Yan et al. 2019). Several
studies have shown that BTG1 is lower expressed in
many tumors, including hepatocellular (Zhang et al.
2017), breast (Zhu et al. 2015) and ovarian cancers
(Kuo et al. 2003), and is closely related to the growth,
metastasis and invasion of tumors. However, the
expression of BTG1 in SCC is relatively rare.
In this study, we aimed to evaluate the role of BTG1
expression in SCC with immunohistochemistry technique (IHC), Western blot and reversed transcriptastpolymerase chain reaction (RT-PCR) and then to propose a potential prognostic diagnostic indicator for
patients with SCC.
2. Materials and methods
2.1 Patients and controls
We retrospectively analyzed the clinical data of 200
patients with SCC admitted to the First People’s
Hospital of Yancheng City and the First Afﬁliated
Hospital of Zhejiang Chinese Medical University from
January 2005 to January 2019. All patients underwent
surgical resection. The inclusion and exclusion criteria
for diagnosing SCC are as follows:
Inclusion criteria: (1) SCC was diagnosed clinically
and pathologically; (2) no radiotherapy or chemotherapy was given before operation; (3) pathological data
and follow-up data were complete; (4) the focus was
exposed to head, face and neck.
Exclusion criteria: (1) exposure to arsenic; (2) past
use of immunosuppressive agents; (3) non-fatal or
unexplained deaths; (4) incomplete data; and (5) no
follow-up.
Among 200 SCC patients, 110 were males and 90
were females (aged 29–85 years, mean age of

58 years); tumor location: head 95 cases, face 61 cases,
neck 44 cases; tumor size less than 5 cm 86 cases,
[ 5 cm 114 cases; poor differentiation: 155 cases,
high-to-moderate differentiation: 45 cases; According
to Broders’ pathological grading criteria for SCC, 56
cases were grade I and grade II, and 144 cases were
grade III and grade IV. Normal tissue specimens were
collected by surgical resection from 200 individuals to
serve as a control group (age 47.6–10.2 years, mean
age of 54 years).
All the 200 enrolled SCC patients were followed up
by medical records and telephone interviews, which
was performed every three months during the ﬁrst three
years, every half of a year during the fourth to ﬁfth
year, and annually thereafter, for an additional ﬁve
years or until mortality. All specimens were obtained
following informed patient consent and were approved
by the Ethics Committee of two hospitals (Identiﬁcation No. HMU (Ethics) 2017-k-133 and 2017003).
2.2 Immunohistochemical staining techniques
IHC method were performed to detect the distribution of
BTG1. The Envision and DAB chromogenic reagent kit
(Antibody Diagnostic Inc, USA) were used to
immunohistochemical staining. The specimens of the
two groups were perfused and ﬁxed with 4%
paraformaldehyde. The tissue was sliced to 4 um,
dehydration, dewaxing and antigen repaired by using
PH6.0, 0.01 mol/L citric acid. The ﬁrst antibody diluted
according to 1:100 concentration, corresponding speciﬁc antibodies (sheep anti-human BTG1 polyclonal
antibody), was incubated for 60 min at room temperature. Then PBS solution was washed for 3 min by 3
times. Remove the PBS liquid from the slices, add 50.0 L
of polymer reinforcer, incubate at room temperature for
20 min, then rinse the PBS solution three times, each
time for 3 minutes. After removing the PBS solution,
50.0 ml of the second antibody (dilution: 1:100) was
added, incubated at room temperature for 30 minutes,
and then rinsed with PBS solution three times for 3
minutes each time. It was colored by DAB. When
nucleus was stained by hematoxylin, dehydrated by
gradientethanol, cleared by xylene, sealed by natural
gum. After three times of rapid rinsing with distilled
water, 0.01 M PBS was added to stop the reaction; after
gradient alcohol dehydration, the ﬁlm was sealed and
photographed. Each batch dyeing all has positive control
(with the known positive section reagent which was
offered by reagent company) and negative control (the
corresponding speciﬁc antibody was replaced by PBS).
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The IHC results were determined by two pathologists, the positive granules stained cells in SCC tissues
and adjacent tissues were observed. According to the
percentage of positive cells and staining intensity,
Staining score criteria are as follows: 0: 0%; 1: 1% –
25%; 2: 26% –50%; 3: 51% – 75%; 4: 75%. Coloring
intensity, 0 points: no coloring; 1 points: light yellow; 2
points: brown yellow; 3 points: dark brown yellow or
brown. According to the sum of positive cell percentage score and staining intensity score, Staining score 0:
negative (–); Staining score 1 to 2 points: weakly
positive (?), Staining score 3 to 5 points: positive
(??); Staining score 6 to 7 points: strong positive
(???). For the convenience of data statistical analysis, negative (–) or weakly positive (?) are deﬁned as
low expression, positive (??) or strong positive
(???) are deﬁned as high expression.
2.3 To detect the expression of BTG1 protein
by Western blot
Western blot was performed as previously described
(Wang et al. 2019a, b) for the 200 enrolled SCC
patients. The SCC and adjacent tissues were homogenized and lysed by RIPA lysate (10:1) and centrifuged
at low temperature (14,000 rpm, 45 min). After adding
the loading buffer, it was mixed well and then boiled
for 4 min. After complete cooling, it was then subjected to centrifugation. The prepared specimens were
loaded in the order of the negative group, adjacent
tissues group and SCC tissues group, then it was
transferred onto PVDF membrane. Skimmed milk
powder of 5% was blocked for 1 h and incubated with
a primary antibody (BTG1, 1:1,000; b-actin, 1:5,000)
by an overnight incubation at 4°C. After washing by
TBST for 3 times (5 min/time), the secondary antibody
(IRDye800, 1:20,000 dilution) was incubated for 1 h at
room temperature. After washing with TBS for three
times, ECL was used for color development and
compression. It was imaged by ECL imaging system.
Western blot data were quantiﬁed by normalizing the
BTG1 signal intensity of each sample to that of b-actin.
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2.4 To detect the expression of BTG1 mRNA
by RT-PCR
Total RNA was isolated from tissue using Trizol
method, and was quantiﬁcated by Nandrop spectrophotometer. Total RNA (10 lg per sample) was
isolated and used to generate complementary DNA.
The sequences of primers used in this study were
showed in table 1. It was ampliﬁed by semi quantitative polymerase chain reaction with beta-actin as reference. Thermal cycling conditions were as follows:
predenaturation at 60°C for 2 min; 40 cycles of 94°C
for 10 min, 94°C for 15 s, and 62°C for 60 s. Amplication of BTG1 by PCR was examined agarose gel
electrophoresis using a Quantity-One electrophoresis
apparatus. The absorbance (a) value of the belt and the
reference were read, and the results were expressed by
the ratio (sample value/reference value). If the ratio of
SCC value and reference value was greater than the
value, it was expressed positively. Otherwise, it was
negative.
2.5 Cell culture and transfection
The human skin squamous cell line A431 were cultured in Roswell Park Memorial Institute (RPMI)-1640
medium supplemented containing 10% FBS. HaCatT
cell was used as control. When the cell growth fusioned
to 80%, they were digested with 0.25% trypsin. Cell
transfection assay were performed as previously
described (Qian et al. 2019). Brieﬂy, the cells were
adjusted to 1 9 105 /ml and cultured with DMEM
containing 10% FBS until the cell conﬂuence reached
90%. The full-length complementary DNA (cDNA) of
BTG1 in table 2 was inserted into XhoI and BamHI
linearized plasmid pcDNA3 (Clontech Laboratories,
Inc. CA). Then, the BTG1 overexpression vector,
empty pcDNA3 (NC; 50 nmol/L) and the BTG1
siRNA were transfected into A431 cells through lipofectamine 2000 (Invitrogen, Carlsbad, CA). Cells and
vectors were mixed into 250 lL DMEM medium
containing 15 lL Lipofectamine 2000 reagent.

Table 1. Primer sequences for RT-PCR analysis
Primers
BTG1
b-actin

Primer sense

Primer sequences 50 -30

Forward
Reverse
Forward
Reverse

CTGCAGACCTTCAGCCAGA
CGAATACAACGGTAACCCGA
50 -TTCCAGCCTTCCTTCCTGGG-30
50 -TTGCGCTCAGGAGGAGGAAT-30

Product size
104
104
231
231

bp
bp
bp
bp
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Table 2. Primer sequences for cell transfection
Primers
BTG1 cDNA
si BTG1

Primer sense

Primer sequences 50 -30

Forward
Reverse
Forward

CACCATGCATCCCTTCTACACCCGG
TAACCTGATACAGTCATCATATTG
AGCTGTAAGGAGGAACTTCdTdT

2.6 Cell viability detection

3.2 BTG1 mRNA expression in SCC tissues
and adjacent tissue

The viability of A431 cells were measured using cell
counting kit-8 (CCK-8 kit; Dojindo, Kumamoto,
Japan). The cells were adjusted to 1 9 105 /ml of 37°C
and 5% CO2. Cells were harvested for 12, 24, and
48 h, and then transferred to new medium containing
10% CCK-8 reagent at 37°C for 1 h. Microplate
Reader (Multis-kan FC, Thermo Fisher Scientiﬁc) was
used to detect the absorbance at 450 nm.

RT-PCR was used to detect the expression of BTG1
mRNA in the 200 enrolled SCC tissues and adjacent
tissues. The results showed that the positive rate of
BTG1 mRNA in SCC was 50.50% (101/200), which
was signiﬁcantly lower than that in adjacent tissues
89.00% (178/200) (P\0.05; ﬁgure 2b).

2.7 Statistical methods

3.3 Relationship between expression of BTG1
mRNA and protein and clinicopathological features
in SCC

SPSS13.0 statistical software was used for statistical
analysis. The v2 test was used to compare the association between the expression status of BTG1 mRNA
and protein and clinicopathological parameters in
adjacent and cancer tissues. The Kaplan-Meier survival
analysis was performed to analyze disease-speciﬁc and
disease-free survival rates.
The log-rank test was performed to analyze the difference in survival curves. The multivariable regression
analysis was performed to detect prognostic factors
using the Cox proportional hazards model. A value of
P\0.05 was considered statistically signiﬁcant.
3. Results
3.1 BTG1 protein expression in SCC tissues
and adjacent tissue
The expression of BTG1 in SCC tissues and adjacent
tissues were detected by IHC. In SCC, BTG1 is mainly
located in the cytoplasm of tissue cells. Compared with
adjacent tissues, the expression of BTG1 protein was
signiﬁcantly lower in SCC tissues (P\0.05; ﬁgure 1).
The positive expression rate of BTG1 protein in SCC
tissues was 54.00% (108/200); and the positive rate
was 90.50% (181/200) in the adjacent tissues. The
result of Western blot for the 200 enrolled SCC tissues
also showed that the expression of BTG1 protein in
SCC tissues was signiﬁcantly lower than that in the
adjacent tissues (P\0.05; ﬁgure 2a).

The expression of BTG1 mRNA and protein in SCC
tissues were consistent, which are both lowly expressed
in SCC tissues. Single factor analysis showed both
BTG1 mRNA and protein have nothing to do with
gender, age, tumor site (all P [ 0.05), but related to
tumor diameter, stage, tumor metastasis and the degree
of tumor differentiation (all P\0.05; table 3).
3.4 Prognostic values of the expression status
of BTG1 protein for the overall survival
of postoperative patients with SCC
We performed the follow-up examinations for SCC
patients up to 80 months. Patients exhibiting lower
BTG1 protein expression in the SCC tissues had a
signiﬁcantly shorter disease-speciﬁc survival rate than
the other patients. Kaplan-Meier survival analysis
showed that there was signiﬁcantly statistical difference between them (P\0.0001) (ﬁgure 3). Among the
108 patients exhibiting lower BTG1 protein expression
in the SCC tissues, 98 patients died and 10 patients
survived, with a median survival time of 17.9 months.
Among the 92 patients with higher BTG1 protein
expression, 62 patients died and 30 patients survived,
and the median survival time was 48.4 months.
Multifactor Cox survival analysis showed that BTG1
protein expression, tumor diameter, tumors site and
tumor stage were independent factors affecting the
overall survival of postoperative patients. And gender,

Prognostic signiﬁcance of BTG 1 in SCC
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Figure 1. The staining result of Envision immunohistochemistry for BTG1 in SCC and adjacent tissues. *P\0.05. (a) The
staining strongly positive result for BTG1 in adjacent tissues (9100). (b) The staining strongly positive result for BTG1 in
adjacent tissues (9400). (c) The staining weakly positive result for BTG1 in SCC tissues (9100). (d) The staining weakly
positive result for BTG1 in SCC tissues (9400).

Figure 2. The expression of BTG1 protein and BTG1 mRNA in SCC and adjacent tissues. (a) Expression of BTG1 protein
in SCC and adjacent tissues showed by western blot; (b) The positive rate of BTG1 mRNA in SCC and adjacent tissues
showed by RT-PCR. A: negative control group; B: adjacent tissues; C: SCC tissues.

age, tumor differentiation degree and tumor metastasis
were not the independent factors affecting the overall
survival of postoperative patients (ﬁgure 4).
3.5 The effects of BTG1 overexpression
and silencing on A431 cell viability
To investigate the functional effects of BTG1 on SCC
cells, the BTG1 overexpression vector and the silent
vector of si BTG1 were constructed and transfected into
A431 cells. HacaT cell as a control, the expressions of
BTG1 in A431 was lower (ﬁgure 5a). After transfection,
the expressions of BTG1 in A431 showed signiﬁcant and
opposite changes. BTG1 overexpression inhibited A431

cell proliferation ability, while BTG silencing enhanced
A431 cell proliferation ability (ﬁgure 5b–c). The CCK-8
assay was measured to evaluated the changes in proliferation ability of A431 cells which showed that the proliferation ability of A431 cells with BTG1 silencing had an
obvious increase, while BTG1 overexpression vector
signiﬁcantly induced the decrease of A431 cell proliferation ability (ﬁgure 5d).
4. Discussion
BTG1 gene is one of the members of human anti-proliferative protein family, which was ﬁrst found in B
lymphocytic leukemia (Steeghs et al. 2019; Tijchon
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Table 3. Correlation of BTG1 protein and mRNA expression with clinicopathological features in SCC [N (%)]

Characteristic
Gender
Male
Female
Age (years)
\40
C40
Tumor diameter (cm)
\5
C5
Tumors site
Head
Face
Neck
Degree of tumor differentiation
High and moderate
differentiation
Poor differentiation
Lymph node metastasis
Yes
No
Tumor stage
I–II
III–IV

n

BTG1 protein positive
rate

110
90

63 (57.27)
45 (50.00)

0.160 0.519

57 (51.82)
44 (48.89)

0.019 0.821

48
152

26 (54.17)
82 (53.95)

0.185 0.664

25 (52.08)
76 (50.00)

0.024 0.979

86
114

39 (45.35)
69 (60.53)

0.154 0.008

35 (40.70)
66 (57.89)

0.114 0.022

95
61
44

51 (53.68)
32 (52.46)
25 (56.82)

0.221 0.963

48 (50.53)
30 (49.18)
23 (52.27)

0.131 0.359

45

14 (31.11)

0.249 0.006

12 (26.67)

0.241 0.007

155

94 (60.65)

66
134

41 (62.12)
67 (50.00)

0.221 0.036

39 (59.09)
62 (46.27)

0.202 0.032

56
144

22 (39.29)
86 (59.72)

7.612 0.005

21 (37.50)
80 (55.56)

7.091 0.006

Figure 3. BTG1 expression and survival analysis of SCC
patients.

et al. 2018). All members of this family can inhibit cell
proliferation and play a negative role in cell cycle
regulation. The family members also include BTG2,
BTG3, BTG4, Tob1 and Tob2 genes. The expression of
BTG1 protein can hardly be detected in fully differentiated tissues such as brain and muscle tissues, but it
can be detected in cells that respond to mitogenic signals, especially in the G0/G1 transition phase (Sun
et al. 2014a, b; Lu et al. 2014). Recent studies have
indicated that BTG1 has many biological functions, the
main function of which is to play a negative regulatory

x2

P

BTG1 mRNA positive
rate

x2

P

89 (57.42)

role in cell proliferation (Wang et al. 2019a, b). When
the cells were in G0/G1 phase, the expression of BTG1
was the highest. In addition, high expression of BTG2
can promote angiogenesis and cell differentiation (Xu
et al. 2019; Qian et al. 2019).
The occurrence and development of tumors are due
to the unrestricted proliferation and reduction of
apoptotic cells (Liu et al. 2018). Recent studies have
shown that BTG1 may induce apoptosis of cancer cells
(Zhu et al. 2016; Lorda-Diez et al. 2016). As a result,
BTG1 protein is considered as an anti-oncogene. ZHU
R et al. (Zhu et al. 2015)have conﬁrmed that BTG1 can
be used as a tumor suppressor gene to inhibit proliferation, regulate cell cycle and induce apoptosis in
breast cancer. However, the expression level and the
biological role of anti-oncogene in SCC remain
unclear.
In previous studies, lower expression of BTG1
protein was reported in breast cancer, liver cancer,
thyroid cancer, esophageal cancer, and some of them
are suggested to be located in the cytoplasm of
tumor cells. Sheng et al. (2014) have studied the
expression of BTG1 in breast cancer and found that
the expression of BTG1 protein in breast cancer
tissue is signiﬁcantly lower than that in normal

Prognostic signiﬁcance of BTG 1 in SCC
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Figure 4. Association of BTG1 expression and prognosis of SCC patients: Multifactor Cox survival.

tissue. In addition, the low expression of BTG1 was
signiﬁcantly correlated with tumor invasion, lymph
node metastasis, clinical stage and histological grade
of breast cancer patients, and OS was shortened in
patients with the absence of BTG1 expression, which
indicated that it was associated with poor prognosis
of patients. ZHAO Y et al. (Zhao et al. 2013)
showed that BTG1 was overexpressed in normal
ovarian tissues or benign ovarian tumors. In ovarian
cancer cells, overexpression of BTG1 can inhibit cell
proliferation, metastasis and invasion, induce
chemosensitivity of cancer cells to cisplatin, and
induce G1 arrest of cell cycle and apoptosis of
cancer cells. The expression of BTG1 mRNA was
negatively correlated with FIGO stage of ovarian
cancer.
Similarly, our study conﬁrmed that the BTG1
protein was localized in the cytoplasm of tumor
cells. The results of this study showed that the
expression of BTG1 in SCC were lower than that of
in adjacent tissue, which may indicate the relationship between the occurrence, development of tumor
and lower expression of BTG1. In our study, the
expression of BTG1 mRNA in SCC tissues was also
signiﬁcantly lower than that in adjacent tissues. The
relationship between BTG1 protein, BTG1 mRNA
expression and clinical pathological features of SCC
patients are consistent. Our study found that the
expression of BTG1 protein and mRNA in SCC were
not related to gender, age, tumors site. Both BTG1

mRNA and protein expression were related to tumor
diameter, stage, tumor metastasis and the degree of
tumor differentiation in SCC. The expression of
BTG1 protein and mRNA in poor differentiation
group and Lymph node metastasis group was signiﬁcantly lower than that in the high and moderate
differentiation group and without lymph node
metastasis group. Meanwhile, BTG1 overexpression
inhibited A431 cell proliferation ability, while BTG
silencing enhanced A431 cell proliferation ability.
All of these showed that BTG1 may play important
role in the formation, invasion and metastasis of
SCC, which were highly consistent with the results
in esophageal squamous cell carcinoma (Sun et al.
2014a, b) and laryngeal squamous cell carcinoma
(Jiang et al. 2015).
Moreover, we also studied the relationship
between the expression of BTG1 and overall survival
of postoperative SCC patients. The median survival
time for patients with lower expression of BTG1 was
signiﬁcantly shorter than patients with higher
expression of BTG1 in SCC. Multifactor Cox survival stage showed that BTG1 protein expression,
tumor diameter, tumors site and tumor stage were
independent factors affecting the overall survival of
postoperative SCC patients. All these results
revealed that the lower expression of BTG1 was
related to the prognosis of SCC patients.
The present study also had a few limitations that
warrant consideration. First, this is the largest studies
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Figure 5. The effects of BTG1 overexpression and silencing on A431 cell viability: (a) the expressions of BTG1 in HacaT
cell (control) and A431 cell. (b–c) The functional effects of BTG1 in the transfected A431 cell. (d) The changes in cell
viabilities of A431 cells were measured by CCK-8 assay. sh BTG1: BTG1 overexpression; si BTG1: BTG silencing.

addressing BTG1 protein expression in SCC, but
more clinical patient validation is necessary. Second,
the comprehensive ability of BTG1 as a clinical
predictor for prognosis of SCC patient needs to be
further conﬁrmed and validated. Third, we did not
study the upstream and downstream genes of BTG1
in SCC.

5. Conclusion
In summary, our study revealed that the expression of
BTG1 protein and mRNA was closely related to the
occurrence, development and prognosis of SCC, which
may also lead to new therapeutic and diagnostic
strategies for SCC patients.
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