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Abstract: Testis specific 10 (TSGA10) was originally identified as a testis-specific protein and tumor-associated
antigen in a number of cancer types. In this study, we found that down-regulation of TSGA10 was associated with
increased malignancy and clinical features of esophageal squamous cell carcinomas (ESCCs). Moreover, increased
expression of TSGA10 inhibited, while its knockdown promoted, tumor formation in vivo in nude mice. At the 3'UTR
of the TSGA10 gene we identified two binding sites for microRNA-577 (miR-577). Further investigation demonstrated
that expression levels of miR-577 and TSGA10 were negatively correlated to each other in ESCC cell lines and tumor
samples. Moreover, manipulation of miR-577 and TSGA10 expression confirmed that miR-577 can regulate TSGA10
and in turn affect cell proliferation in vitro. Additionally, with flow cytometry and manipulation of the mir-577/TSGA10
axis, it was found that mir-577/TSGA10 axis influenced the growth of ESCC through regulating the G1-S phase
transition. We also obtained evidence to establish that mir-577/TSGA10 axis activation was always accompanied
by inactivation of the p53 pathway or the Rb pathway or both, thus, the latter two pathways are obligatory for
progression of ESCCs with mir-577/TSGA10 axis activation. In addition, we found that such an interactive pathway in
regulating cancer cell proliferation was restricted to a few cancer types including ESCC, but not uniformly applicable
to other cancer types. This newly discovered regulatory mechanism provides a new dimension for ESCC diagnosis
and therapy.
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Introduction lecular mechanism governing its growth and
early diagnosis are urgently needed.

Esophageal cancer is one of the ten most

common cancers worldwide with a gloomy TSGA10 was originally classified as a testis-

prognosis. The major histological subtype of specific protein [3]. Recent studies suggested
esophageal cancer in China is esophageal that it had a broad distribution in normal tissues

squamous cell carcinoma (ESCC) [1], which has [4] as well as in a few solid cancers [5-7].

the eighth highest incidence and ranks number anr\?/oeevrecg’evz:g rf]zlsilgz grroclsvsth ?r:clz?jﬁAglEos Clg
six in the cause of cancer death in China [2]. P

ESCC | Il K for its disti hi remained unknown. Growing evidence indicated
T IS .we ﬁown or its distinct geograp ,'C that microRNAs are involved in many cellular
distribution. Linzhou of Henan Province in

) ) events [8, 9] and knowledge of the association
central China, where this study was conducted, between miRNAs and their target genes would

has the highest incidence of ESCC in the world enhance our understanding of carcinogenesis
[1]. In spite of years of research, the [10]. Nevertheless, the possible interaction
pathogenesis of ESCC is still poorly understood. between TSGA10 and microRNAs has not been

Therefore, a better understanding of the mo- elucidated. Deregulation of normal cell cycle
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control has been implicated in the development
of human cancers. In particular, abnormal
expression of genes that control p53 pathway
and G1-S phase transition, critical events in cell
cycle progression in malignant tumors including
ESCC, are frequently observed [11-14].

In this study, we found that miR-577 and
TSGA10 formed an interactive regulatory
pathway and play a vital role in controlling
tumor proliferation and G1-S phase transition
in ESCC. We further demonstrated that ESCC
with mir-577/TSGA10 axis activation was
always accompanied by inactivation of the p53
pathway or the Rb pathway or both.

Materials and methods
Ethics statement

A total of 100 ESCC tumor sample and Normal
esophageal tissue samples were obtained from
surgical specimens from Anyang Tumor Hospital
(Anyang, Henan, China) with approval of the
Ethics Committee of Anyang Tumour Hospital.
The surgeons obtain the patient’s consent and
signature to agree to donate their excised
tumor tissues for scientific research during
preoperative conversations. The whole proce-
dure of consent was approved and documented
by the Ethics Committee of Anyang Tumour
Hospital. All the samples were conserved in the
Molecular Pathology Laboratory of Beijing
University Health Science Center. The study
protocol was viewed and approved by the Ethics
Committee of Beijing University Health Science
Center for research use only.

All animal studies were performed in strict
accordance with the recommendations in the
guidelines for the Animal Care and Use
Committee of The Tenth People’s Hospital of
Shanghai. Permit number: 2011-RES1. The
protocol was approved by Science and
Technology Commission of Shanghai Munici-
pality (ID: SYXK 2007-0006). The rats were
kept at 18°C-26°C on a 12 hours light and dark
cycle with free access to water and standard
rat chow. They were allowed to acclimatize for a
minimum of 1 week. The environment was
maintained at a relative humidity of 30%-70%.
All surgery was performed under sodium
pentobarbital anesthesia, and all efforts were
made to minimize suffering
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Collection of esophageal tissue specimens
and patient information

A total of 100 histopathologically diagnosed
Esophageal Squamous Cell Carcinoma
obtained from patients treated at Anyang
Tumor Hospital (Anyang, Henan, China) from
2008 to 2010 were investigated. Upon surgical
resection, esophageal cancers and their
corresponding adjacent normal tissues (at
least 5 cm from the cancerous tissue) were
collected and cut into two parts: one part was
processed immediately for RNA exaction or
stored in liquid nitrogen for later extraction. The
other was fixed in 10% formalin and embedded
in paraffin, sectioned at 4 ym in thickness and
stained with Hematoxylin and Eosin (H&E).

The 100 cases included 75 men and 25
women, aged 35 to 82 years (median, 58
years), with stage | (7 cases), lla (23 cases), lIb
(25 cases) and Il (45 cases) according to UICC.
Twenty eight cases ESCC were well
differentiated, 42 were moderately differen-
tiated and 30 were poorly differentiated.

Tumor cell lines

To study the function of the mir-577/TSGA10
axis in vitro, a panel of tumor cell lines derived
from esophageal, cervix, nasopharynx and
bladder cancers were cultured in RPMI 1640
(Invitrogen, Carlsbad, CA) supplemented with
10% FBS (Hy-Clone, Logan, UT) at 37°C in a
humidified atmosphere containing 5% CO,,.
Detailed information of these tumor cell lines is

provided in Supplementary Table 1.

MTS-based assay and Colony Formation Assay

In order to test the growth and viability of tumor
cells, the MTS-based assay (Promega, Madison,
WI, USA) and Colony Formation Assay were
performed [15]. Briefly, about 1,000 or 3,000
(for serum starvation condition) cells were
seeded in 96-wellplates and cultured for 24 h.
In each group, 5 wells were examined. After
addition of 20 pL aliquot of MTS labeling
reagent, cells were further incubated for 30
min at 37°C. Cell viability was examined at the
indicated time points (O h, 24 h, 48 h, 72 h, and
96 h). The plates were read at a wavelength of
490 nm. For Colony Formation Assay, 200 cells
were seeded per well in 6-well plates and
allowed to grow for 14 days. Resulting colonies
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were fixed in 70% ethanol and stained with
0.5% crystal violet, the colony numbers were
determined using the ImageJ software (National
Institutes of Health (NIH), Bethesda, MD, USA).

Mouse models of tumor growth

To investigate tumorigenicity of the ESCC cells
with manipulated TSGA10 expression, we
employed a nude mouse model. Briefly, a
lentivirus-based system was used to specifically
down-regulate or up-regulate TSGA10 expre-
ssion. The recombinant lentiviral plasmids
carrying human TSGA10 (pGIPZ-based lentiviral
vector) or shRNA-TSGA10 gene (pLKO.1
lentiviral vector) were successfully established
and were used to transfect ESCC cell line
KYSE150 or EC109. Then, approximately 5 x
108 established cells were orthotopically
xenografted in 6-8-week-old male nude mice
(Bikai, Shanghai, China). Six mice were included
in each group. Tumor volume was monitored
weekly for up to 6 weeks and calculated with
the formula: 0.5 x length x width2. Six weeks
after inoculation, tumor-bearing mice were
sacrificed one hour after BrdU injection (50
mg/kg). Tumors were collected, measured,
weighted, sectioned, and stained for BrdU [16].

Quantitative real-time PCR (Q-RT-PCR) and
western blot analysis (WB)

To examine whether the TSGA10 gene was
differentially expressed in ESCC and adjacent
non-tumor tissues, we employed Q-PCR. The
sequences of the oligonucleotide primers and
sequencing are provided in Supplementary
Table 2. To test the influence of miR-577/
TSGA10 axis on cell cycle regulators, we
performed WB. The primary antibodies are

described in Supplementary Table 3.

Immunohistochemical staining and analysis

To study the expression and localization of the
proteins, IHC was performed on paraffin tissue
sections (4 ym) as described previously [17].
Information of the antibodies was provided in
Supplementary Table 3. The histologic
appearance and staining intensity were
examined and scored by two pathologists
independently and classified into: absent
(scored as -), weak-positive (scored as +),
moderately-positive (scored as ++) and strong-
positive (scored as +++) staining. We classified
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2+ or 3+ expression as positive, and + or -
expression as negative.

Cell synchronization and flow cytometry

To investigate whether mir-577/TSGA10 axis
influenced the growth of ESCC through
regulating cell cycle, cell synchronization and
flow cytometry were employed. For cell
synchronization, transfected cells were seeded
in six-well plates and incubated in serum-
deprived media (0.2% FBS) for 72 h.
Subsequently, cells were incubated with
complete medium (10% FBS) [18]. In order to
investigate cell cycle distribution at each time
point (O h, 2 h, 6 h, 10 h, 16 h), flow cytometry
was employed and data were analyzed with
ModFit software (BD Biosciences, San Jose,
CA, USA).

Luciferase reporter assay

To investigate whether miR-577 regulates
TSGA10 through the binding site of 3'UTR, we
employed a luciferase reporter assay. Different
forms of TSGA10 3'UTR (wtTSGA10 3'UTR;
mut-TSGA10 3’UTR) were cloned down-stream
totherenillaluciferase gene into the psiCHECK2
vector, and the firefly luciferase gene was used
to normalize the reporter activities. Luciferase
activities were measured with the Dual-
luciferase Reporter Assay System (Promega,
Madison, WI, USA).

Transient transfections of microRNAs, anti-
miRs, siRNAs or pcDNAs

To manipulate the expressions of miR-577 and
TSGA10, Lipofectamine 2000 transfection
reagent and Opti-MEM Medium (Invitrogen,
Carlsbad, CA, USA) were applied to the transient
transfection of microRNA mimics, Anti-miR
Inhibitor mimics (Genepharma, Shanghai,
China), si-TSGA10 (Sigma-Aldrich, St Louis, MO,
USA), and pcDNA3.1 or pcDNA3.1-TSGA10 (2
pug) according to the manufacturer’s
instructions. The final concentration of
microRNA or siRNA used in our study was 50
nM.

To performed a set of experiments in ESCC cell
lines to further validate whether miR-577
affects proliferation of ESCC through regulating
its potential target TSGA10, a plasmid
containing the entire TSGA10 coding sequence
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Figure 1. Down-regulation of TSGA10 in ESCC is associated with clinical features. (A) The difference of TSGA10
mRNA expression in tumor samples (T, n = 100) and adjacent esophageal epithelial tissues (N, n = 100) analyzed
by Quantitative real-time PCR (Q-PCR). 18 S rRNA served as an internal control. The value of each sample was
calculated as -ACt: -(Ct TSGA10-Ct 18 S rRNA). The average -ACt value of N is set at 1; P < 0.001; Student’s t-test.
(B) The fold changes of the relative expression of TSGA10 (T/N). Expression of TSGA10 was determined by Q-PCR
in 100 paired ESCC tumors (T) and their corresponding esophageal epithelial tissues (N). 18 S rRNA served as
an internal control. (T/N) < 0.5 or > 2 was defined as significant. (C) Pie graph shows the percentages of the 100
tumor samples with under-expressed, unchanged, and over-expressed TSGA10. (D-F) Correlation between TSGA10
expression in ESCC tumor samples and different clinical features: stage (D), differentiation state (E), and tumor size
(F). TSGA10 expression level was calculated the same as in (A). The average -ACt value of “tumors at stage I” (D);
“tumors with well differentiation” (E) and “tumors with size < 5 cm in diameter” (F) are set at 1, respectively. (G)
Representative IHC photos of TSGA10 expression in normal tissue (a-100x and a™-400x) and ESCC tumors with
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different differentiations (b-d-100x; b™-d"-400x). TSGA10 staining was mainly localized within the nucleus of cells
in the form of yellow brown granules. All sections were counterstained with hematoxylin.

without the 3'UTR fragment was constructed.
This construct can restore TSGA10 and is
insensitive to miR-577-mediated repression
due to lack of 3'UTR.

BrdU incorporation and immunofluorescence
staining

DNA synthesis was assessed with bromode-
oxyuridine (BrdU) incorporation which was
visualized with immunofluorescence. The
primary antibodies were described in
Supplementary Table 3. BrdU labeling index
was calculated as BrdU-positive cells/total
DAPI (4, 6-diamino-2-phenyl indole)-positive
cells. Finally, cultures were mounted in
ProLong® Gold Anti fade Reagent with DAPI
(Invitrogen); and subsequently viewed with a
fluorescence microscope or a Zeiss confocal
microscope system (Oberkochen, Germany).

Statistical analysis

The relationship between the expression of
TSGA10 (mRNA and score of the IHC staining)
and clinicopathologic features was tested with
x? test. A Student’s t-test was performed to
compare the differences between treated
groups in relation to their paired controls. A
P-value < 0.05 (denoted by *) was considered
statistically significant. (**when P < 0.01).
Data analyses were carried out with Imagel
software (National Institutes of Health (NIH),
Bethesda, MD, USA), GraphPad Prism 5.0
software (GraphPad software, San Diego,
California, USA) and Microsoft Excel (Microsoft,
USA).

Results

The expression of TSGA10 gene is related to
tumor differentiation, clinical stage and tumor
size in ESCC

TSGA10 expression level in tumor samples (T)
was found to be significantly lower than that in
the adjacent normal tissues (N) (P < 0.001;
Figure 1A). When matched pairs of ESCC
tumors and the adjacent normal tissue were
compared, 47% (47 of 100) of the tumors had
at least 2-fold reduction in TSGA10 expression
(Figure 1B and 1C).
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We then investigated the correlation between
TSGA10 expression and clinicopathologic
features. The results showed that TSGA10
expression level in ESCCs was significantly
correlated to clinical stage (P = 0.004), tumor
differentiation (P = 0.022), and tumor size (P =
0.003), but not to other clinical features such

as age or gender (Supplementary Table 4).

We found that TSGA10 expression in tumors at
the advanced stage (stage lll) was significantly
lower than those at the early stages (stage |, 1A
and [IB, Figure 4D). Similarly, TSGA10
expression in poorly-differentiated tumors was
significantly lower than those of well- or
moderately-differentiated tumors (Figure 1E);
and TSGA10 expression in large tumors (=5 cm
in diameter) was significantly lower than those
of small tumors (< 5 cm in diameter, Figure 1F).

We further examined the expression of TSGA10
in 60 pairs of ESCC tumor/normal tissue
sections with IHC. We found that the positive
staining of TSGA10 was localized within the
nucleus. Moreover, TSGA10 was uniformly
expressed in the entire epithelial layer and it
was not restricted to the basal cell layer. In
addition, the population of the TSGA10 positive
cells decreased in number from well
differentiated to poorly differentiated cancers
(Figure 1G). We also observed that under the
classification system for staining intensity
described in Materials and Methods, when
comparing the IHC scores between normal
epithelium and the cancer samples, the
difference  was  statistically  significant
(Supplementary Table 5), the same trend was
found for mRNA. Moreover, correlation between
TSGA10 and features analyzed with IHC was in
line with the mRNA results (Supplementary
Tables 6, 7 and 8).

TSGA10 suppresses tumor formation in nude
mice

Five ESCC cell lines were tested for correlation
between the expression levels of TSGA10 and
the rate of cell proliferation. Different cell lines
were found to express TSGA10 to different
levels with EC-109 and EC-1 cells had the most
abundant expressions, followed by EC-9706
and TE-1 cells, and KYSE-150 had the least

(Supplementary Figure 1A). With the same
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Figure 2. TSGA10 knockdown promoted tumor formation in nude mice xenografts. (A) Schematic presentation of
the tumor formation and BrdU injection in nude mice and the representative photos of xenografts. (B) Scatter plots
representing s.c. tumor volume and weight. The weight and volume of EC-109 xenografts (TSGA10 knockdown;
511.5 + 49.1 mg and 760 + 73.5 mm?, respectively) are larger than the control (160.5 + 30.98 mg and 269 + 36.3
mm?; P < 0.01 for both weight and volume; Student’s t-test). (C and D) Typical images (C) and quantification (D) of
BrdU or ki-67-positive cells are displayed. The dark brown color indicates BrdU or ki-67-positive nuclei. The scale bar
represents 50 um. Each bar represents the mean + s.d. of three independent experiments; **, P < 0.01.

order but in reverse, KYSE-150 cells had the
highest proliferation rate, followed by EC9706
and TE-1, and then EC109 and EC-1 cells had

the slowest growth rate (Supplementary Figure
1B).

The effect of TSGA10 in vivo on tumor growth
was determined by measuring the volume of
tumors each week. Tumor formation was
observed subcutaneously in all nude mice at 2
weeks after injection. During a five-week follow-
up period, tumor volumes increased. Six weeks
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following tumor cell implantation and one hour
after BrdU injection, we found that tumor
volume of the nude mice bearing EC109/
sh-TSGA10 cells was significantly larger than
that of the controls (Figure 2A and 2B),
whereas, the tumor volume of nude mice
bearing KYSE150/TSGA10  cells  was
significantly smaller than that of the controls

(Supplementary Figure 1C).

Furthermore, IHC analysis found a marked
increase in the staining intensity of ki-67 and

Int J Clin Exp Pathol 2013;6(12):2651-2667
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Figure 3. MiR-577 acted as an upstream regulator of TSGA10. A: The public database predicted that TSGA10 might
be a target for miR-577, and the 3'UTR of human TSGA10 contains two highly conserved binding sites. B: 293-T
cells were transfected with Wt or Mut reporter plasmid and miR-577, negative control, or anti-miR-577 inhibitor.
After transfected for 48 h, luciferase activity was measured by a dual-luciferase reporter assay. The result was pre-
sented as relative LUC (firefly/renilla luciferase), the relative LUC of control was set at 100%. Each bar represents
the mean % s.d. of three independent experiments; **, P < 0.01. C: TSGA10 expression was examined by immu-
nofluorescence analysis. GFP images (green)-miR-577 and GFP images (green)-NC indicate cells with miR-577
over-expression (top) or control (bottom), respectively. Red, TSGA10 protein; blue, DAPI; green, GFP. The scale bar
represents 5 um. D: More TSGA10 staining cells were observed in ESCC tumors with miR-577 under-expression. Red
arrows indicated TSGA10-positive cells. E: negative correlation between the expression of miR-577 and TSGA10 in
100 tumor samples (R2=0.1968; p < 0.001). The relative expression of miR-577 and TSGA10 were quantified using
Q-PCR and normalized by U6 or 18 S.

10

BrdU-positive cells in xenografts with TSGA10 MiRNA-577 fine tunes TSGA10 to form a
down-regulation as compared to controls pathway in ESCC progression

(Figure 2C and 2D), whereas xenografts with

TSGA10 up-regulation gave the opposite effect With the open-access software of targetscan
(Supplementary Figure 1D and 1E). [19], we found two highly conserved binding
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Table 1. IHC scores of TSGA10 in miR-577
low or miR-577 high group

TSGA10 TSGA10

Negative Positive Tota
miR-577 low 8 18 26
miR-577 high 50 24 74
Total 58 42 100

Negative correlation between the expression of miR-577
and TSGA10 in 100 ESCC tumors. The relative expres-
sion of miR-577 was quantified using Q-PCR and normal-
ized by U6. TSGA10 was evaluated by IHC staining. P =
0.001.

sites for miR-577 (Figure 3A), which had not
been reported previously. In order to validate
our prediction, a luciferase reporter assay was
further performed. As shown in Figure 3B, miR-
577 co-transfection dramatically increased the
relative luciferase activity of the vector
encoding the wt-TSGA10 3'UTR, but not the
vector with mut-TSGA10 3’UTR. Moreover, the
relative luciferase activity remained as low as
in the control group in the presence of anti-
miR-577 inhibitor (Figure 3B). These data
showed that miR-577 was TSGA10’s upstream
regulator and targeted TSGA10 at its 3’'UTR. In
addition, we found that the expression level of
TSGA10 decreased as the expression of miR-
577 increased in the cell lines EC-109, EC-1,
EC-9706 and KYSE-150 (Supplementary Figure
2A). Moreover, when EC-109 cells were treated
with miR-577 mimics the expression of TSGA10
decreased. Conversely, when KYSE-105 cells
were treated with miR-577 inhibitor, the
expression of TSGA10 increased (Supple-
mentary Figure 2B), thus confirming a negative
correlation between the expression of
endogenous mMiR-577 and TSGA10. We further
confirmed their correlation at the protein level
with immunofluorescence staining (Figure 3C).

We also found a negative correlation between
the two in ESCCs. Based on the expression
level of miR-577 in the 100 ESCC tumor
samples, we classified the ESCC into two
groups, i.e. miR-577 low (26 samples) and miR-
577 high (74 samples). Much more TSGA10-
positive cells were in miR-577 low group than in
miR-577 high group (Figure 3D). Moreover,
much higher proportion of miR-577 low cases
was TSGA10 positive than that of miR-577 high
cases (Table 1). The expression of TSGA10 and
miR-577 in the 100 tumor samples analyzed
with Pearson Correlation also showed a
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negative correlation between the two (Figure
3E).

Mir-577/TSGA10 interaction regulates ESCC
cell proliferation in vitro

MiR-577 over-expression in EC-109 resulted in
a significant increase in cell proliferation when
compared to the control (Figure 4A). This
pattern was similar to that when TSGA10 was
knocked down in EC-109 (Supplementary
Figure 3A and 3B). Moreover, over-expression
of miR-577 in EC-109 accelerated colony
formation (Figure 4B). Once again, this was the
same to the results when TSGA10 was knocked
down in EC-109 (Supplementary Figure 3C).
Finally, the proliferation increase or colony
formation in response to miR-577 over-
expression was both reversed by TSGA10
restoration (Figure 4A and 4B).

In consistent to this trend, inhibition of MiR-577
and over-expression of TSGA10 in KYSE-150
cells had a similar impact on cell proliferation
(Supplementary Figure 3D-F) and colony

formation (Supplemental Figure 3G and 3H). On
the other hand, attenuation of TSGA10

expression significantly reversed the reduced
growth rate and the reduction in the number of
colonies upon miR-577 inhibition in KYSE150

cells (Supplementary Figure 3D and 3G).

Mir-577/TSGA10 pathway influences G1-S
phase transition in ESCC cells in vitro

We firstly synchronized mir-577 manipulated
ESCC cells at the GO/G1l stage by serum
starvation, and re-started cell cycle with serum
stimulation, then collected cells at specified
time intervals, and analyzed the cell cycle
distributions (Figure 5A) [20-23].

In cell cycle analysis, cells with mir-577 over-
expression had a lower proportion at the GO/
G1 phase and a higher proportion at the S
phase at 2 h - 6 h after serum addition when
compared to the control. This indicates that
cells with mir-577 over-expression underwent a
more rapid G1-S phase transition. Moreover,
mir-577 over-expressing cells finished the first
cell cycle at 6 h and began to enter into the next
cycle. However, control cells did not complete
the first cycle until 10 h or later (Figure 5B). In
contrast, cells with mir-577 inhibition had a
higher proportion at the GO/G1 phase and a

Int J Clin Exp Pathol 2013;6(12):2651-2667
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significantly reversed the
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Inactivation of Rb and p53
pathways in ESCCs with
mir-577/TSGA10 pathway
activation

We found marked decrea-
ses in the expression of
molecules in p53 pathway
including p53 and p21Waf1l
/Cipl as well as key com-
ponents of G1/S transition
control pathway including
Rb and p16 in EC-109 cells

proliferation in vitro. A: EC109 cells were transfected with NC, miR-577 mimics, in response to mir-577

or miR-577 mimics along with the expression plasmid pcDNA-TSGA10 (contains
TSGA10 open reading frame without 3'UTR), respectively. The proliferative ca-
pability of each group was determined by MTS-based assay at every 24 h after
seeding for 5 days. The proliferation curve was generated based on the absor-
bance (OD490). B: For the colony formation, representative dishes of crystal
violet-stained colonies were photographed (upper). Colony quantification (bot-
tom) is presented as colony number in percentage of the treatment group rela-
tive to control group (set at 100%). Each bar represents the mean * s.d. of three

independent experiments; *, P < 0.05; **, P < 0.01.

lower proportion at the S phase at 2 h -6 h
after serum addition when compared to the
control. As a result, cells were accumulated at
the GO/G1 phase and failed to enter the S

phase (Supplementary Figure 4A).

The proportion of cells entering S phase were
alsoexamined by monitoringbromodeoxyuridine
(BrdUrd) incorporation in synchronized cells
following serum stimulation. Consistent with
our previous observations, much more mir-577
over-expressing cells had incorporated BrdU
than controls following 6 hours of serum
stimulation (Figure 5C), whereas mir-577
inhibition significantly delayed the entry into S
phase with less cells incorporating BrdU over
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over-expression (Figure
6A). In contrary, we found
an opposite pattern of gene
expression in response to
mir-577 inhibition in KYSE-
150 cells (Figure 6B).
Furthermore, the restora-
tion or attenuation of
TSGA10 could reverse the
genes alterations caused by mir-577 over-
expression or down-regulation (Figure 6A and
6B).

We then examined abnormalities of genes
involved in these regulatory pathways according
to their protein accumulation detected by IHC in
a series of ESCC samples. The tumors were
divided into two groups: mir-577/TSGA10 axis
activation group featured by mir-577 over-
expression and TSGA10 down-regulation, and
the inactivation group.

Among the 27 ESCCs with mir-577/TSGA10
axis activation, 20 tumors had Tp53 protein
nuclear accumulation (p = 0.014) and 25 had
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Figure 5. The activation of miR-577/TSGA10 pathway promoted G1-S phase transition in EC-109 cells in vitro. A:
Schematic diagram of cell synchronization and cell cycle distribution analysis. ESCC cells were firstly transfected
with microRNA mimics or plasmids, next synchronized in serum-deprived medium for 72 h, then incubated in 10%
FBS medium at the 96th hour. After that, cell were stained by Pl and collected by flow cytometry at the specified time
intervals. B: Representing flow cytometry diagrams showing cell cycle distribution of control EC109 cells or cells with
mir-577 over-expression treatment at indicated time points (O h, 2 h, 6 h, 10 h, 16 h) after serum addition (upper
panel). Bar plots showing the percentage of cells in GO/G1 and S phase (lower panel). C: BrdU uptake showing the
DNA synthesis the 6 h after serum addition. Typical images (upper) and quantification (lower) of BrdU-positive cells
are displayed. There was a significantly different percentage of BrdU-positive cells in the treatment group when
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compared to the control group. The scale bar represents 100 um. Each bar represents the mean * s.d. of three
independent experiments; *, P < 0.05.
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Figure 6. Effect of mir-577/TSGA10 axis on Tp53/p21Wafl/Cip1l and Rb/p16INK4a signaling pathways. (A) EC109
cells were transfected with NC, miR-577 mimics, or miR-577 mimics along with the expression plasmid pcDNA-TS-
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GA10 (contains TSGA10 open reading frame without 3'UTR), respectively. Imnmunoblotting for TSGA10, p21, p53, Rb
and p16 using lysates from each group with anti-B-actin antibody to normalize for differences in protein loading. (B)
KYSE150 cells were transfected with NC, miR-577 inhibitor, or inhibitor along with si-TSGA10, respectively. Immu-
noblotting for TSGA10, p21, p53, Rb and p16 using lysates from each group with anti-B-actin antibody to normalize
for differences in protein loading. (C and D) Representative photomicrographs showing the immunohistochemical
staining patterns of proteins in Rb and p53 Pathways in ESCC samples with mir-577/TSGA10 pathway activation (C)
and mir-577/TSGA10 pathway inactivation (D). We performed TSGA10, p53, p21, Rb and p16 immunohistochemi-
cal staining using serial sections from the same paraffin-embedded tissue blocks. Tissue section with mir-577/
TSGA10 activation (C) showed intense nuclear staining for p53 and negative staining for TSGA10, p21, Rb and p16,
respectively. Tissue section with mir-577/TSGA10 inactivation (D) showed opposite staining patterns.

negative nuclear staining of p21/Cipl (p <
0.001). Moreover, 20 tumors had deregulated
p53 pathway with both events (p < 0.001) and
25 tumors had either TP53 accumulation or
negative nuclear p21/Cip1 staining (p = 0.002,
Supplementary Table 9). Among the same
group, 21 tumors had negative nuclear Rb
staining (p = 0.011) and 18 had negative
nuclear p16 staining (p = 0.035). Moreover, 17
tumors had deregulated G1-S transition control
pathway with both events (p = 0.006) and 22
had either negative nuclear staining of Rb or
p16 (p = 0.048, Supplementary Table 9). When
all data combined and compared, 16 ESCCs
with mir-577/TSGA10 pathway activation had
dual inactivation of RB and p53 pathways by
simultaneously negative staining of p21, p16,
Rb and accumulation of p53 (p < 0.001,
Supplementary Table 9).

In summary, we identified a statistically
significant association between the activation
alteration of the mir-577/TSGA10 pathway and
inactivation of p53 pathway either by TP53
accumulation or negative nuclear p21/Cipl
staining (p = 0.002) or both (p < 0.001). We
also identified a significant correlation between
the activation of the mir-577/TSGA10 pathway
and deregulated G1-S transition control
pathway either by negative nuclear staining of
Rb or p16 (p = 0.048) or both (p = 0.006). The
association between mir-577/TSGA10 pathway
activation and dual inactivation of Rb and p53
pathways was also significant by simultaneously
negative nuclear staining of p21, pl16, Rb and
p53 protein accumulation (p < 0.001,

Supplementary Table 10).

Representative  photomicrographs of IHC
staining indicated a consistent pattern of
significantly negative immunoreactivity of p21,
p16 and Rb and P53 protein accumulation in
tumors with mir-577/TSGA10 activation (Figure
6C). In contrast, there is an opposite pattern of
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immunoreactivity in tumors with mir-577/
TSGA10 inactivation (Figure 6D).

MIiR-577 functions as a promoter of rapid
proliferation in multiple cancer cells and
promotes cell cycle progression under
nutrition-deprived condition

In investigating the interaction of miR-577 and
TSGA10 and their biological effects, miR-577
was also found to promote cell proliferation
when examining other cell lines derived from
cervical cancer (Hela and ca ski), hasopharynx
cancer (5-8f) and bladder cancer (EJ, T24, J82),
(Supplementary Figure 5Aand 5B). Furthermore,
in EJ and 5-8f cell lines (bladder and
nasopharynx), the miR-577/TSGA10 regulatory
axis behaved the same way as ESCC (Figure
TA). However, in ca ski cell line (cervical), they
behaved differently (Supplementary Figure 5C),
i.e. attenuation of TSGA10 expression could
not reverse the reduced growth rate caused by
mMiR-577 inhibition.

On the other hand, we found that miR-577
protected tumor cells against the negative
effect induced by serum deprivation and
maintained cell cycle progression. We used
EC109 as a model. After incubation with serum-
deprived medium (0.2% FBS) for 80 h, or
complete serum starvation condition (0% FBS)
for 100 h, the cells became floated with
considerable cell loss. In contrast, cell with
miR-577 over-expression continued to adhere
to each other without obvious cell floating up to
100 h (Figure 7B). Additionally, consistent with
this morphological observation, cells with miR-
577 over-expression had much higher viability
than the control cells as time prolonged
following serum deprivation (Supplementary
Figure 5D). Moreover, miR-577 over-expression
appeared to preserve DNA synthesis of cells
under serum-deprived condition than the
control cells (Figure 7C). Furthermore, miR-577
might be beneficial for tumor cells to escape
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Figure 7. The miR-577/TSGA10 regulatory axis behaved the same way as ESCC in EJ and 5-8f cancer cells and
mir-577promoted cell cycle progression under nutrition-deprived condition. (A) (Left) EJ cells were transfected with
NC, miR-577 mimics, or miR-577 mimics along with the expression plasmid pcDNA-TSGA10 (contains TSGA10 open
reading frame without 3'UTR), respectively. The proliferative capability of each group was determined by MTS-based
assay at every 24 h after seeding for 5 days. The proliferation curve was generated based on the absorbance
(OD490). (Right) 5-8f cells were transfected with NC, miR-577 inhibitor, or inhibitor along with si-TSGA10, respec-
tively. The proliferative capability of each group was determined by MTS-based assay at every 24 h after seeding for
5 days. (B) Control EC109 cells or cells with miR-577 over-expression exhibit different morphologies under serum-
deprived or serum-null conditions at indicated time points. The scale bar represents 100 uym. (C) BrdU incorporation
showing the DNA synthesis state of EC109 cells after the 65 h serum starvation. Typical images (left) and quantifi-
cation (right) of BrdU-positive cells are displayed. Cell counting showed a significantly different percentage of BrdU-
positive cells with miR-577 over-expression compared to the control. The scale bar represents 100 ym. (D) miR-577
promotes G1-S phase transition of EC109 cells under serum starvation (Left). Bar plots show the significant less
percentage of cells in GO/G1 phase in EC109 cells with miR-577 over-expression under serum starvation (Right).
Each bar represents the mean + s.d. of three independent experiments; *, P < 0.05.
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the GO/G1 boundary and re-enter the cell cycle
under starvation (Figure 7D). However, this
protective effect appeared not to involved
TSGA10 gene (data not shown).

Discussion

This study provided the first evidence that a
molecular regulatory mechanism involving the
expression of a potential tumor suppressor
gene TSGA10 and an oncomir miR-577 as its
direct upstream regulator might play a role in
ESCC biology.

Interaction of miR-577 and TSGA10 regulated
ESCC proliferation

The function of TSGA10 has not been well
established although it has been suggested to
act as an oncogene [6, 7, 24, 25]. In this study,
however, we obtained evidence to suggest that
it acted as a tumor suppressor gene in ESCC
and its down-regulation was significantly
associated with increased malignancy of this
cancer. Moreover, increased expression of
TSGA10 inhibited, while its knockdown
promoted, tumor formation in vivo in nude
mice. These were consistent with the previous
studies reporting an increased expression of
TSGA10 during  spermatogenesis and
involvementinactive celldivision, differentiation
and proliferation [4, 24].

As the expression level of TSGA10 was
suggested to be post-transcriptionally regulated
[3, 7, 25], we searched for factors that can
regulate its expression. A microRNA miR-577
was found to be a likely candidate as there
were two binding sites in the TSGA10 gene for
miR-577. Moreover, an increase of miR-577 led
to a decrease in TSGA10 and an increase in cell
proliferation. When the decreased TSGA10 was
compensated by an over-expression of TSGA10,
the cell proliferation slowed. In reverse, when
miR-577 was down-regulated, TSGA10 was
increased and cell proliferation was decreased.
Similarly but in reverse, when the increase of
TSGA10 was inhibited the cell proliferation
increased. Additionally, expression levels of
miR-577 and TSGA10 were found to be
negatively correlated to each other in ESCC.
These evidences suggested that miR-577 and
TSGA10 formed an interactive regulatory
pathway and play a pivotal role in controlling
tumor proliferation in ESCC.
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Mir-577/TSGA10 axis influenced the growth of
ESCC through regulating G1-S phase transition

It has been reported that well-orchestrated cell
cycle is necessary for normal growth, whereas
disorganized cell cycle distribution contributes
to rapid proliferation [22, 23]. This raised the
question that whether mir-577/TSGA10 axis
influenced the growth of ESCC through
regulating cell cycle progression.

In this study, we obtained evidence to establish
that cells with mir-577 over-expression and
then TSGA10 down-regulation underwent a
more rapid G1-S phase transition than control
cells, as evidenced by persistently decreased
numbers of cells in GO/G1l stage and the
increased numbers in S phase during specified
time intervals after serum stimulation.

In contrast, cells with mir-577 inhibition and
then TSGA10 up-regulation exhibited a
phenomenon of GO/G1 accumulation in
comparison to the controls as evidenced by the
persistently maintained higher proportion of
cell numbers in GO/G1 phase and the lower
proportion in S phase during specified time
intervals after serum stimulation.

These notions were derived with flow cytometry
of the two ESCC cell lines that had been
manipulated with either activation or
inactivation of mir-577/TSGA10 axis, thus
providing further evidence for this regulating
mechanism.

Dual inactivation of Rb and p53 pathways
cooperated with activation of mir-577/TSGA10
pathway to promote tumor progression of
ESCC

To elucidate possible regulatory mechanisms
of the cell cycle progression by mir-577/
TSGA10 pathway, the expression of multiple
well-characterized cell cycle related genes were
examined [26-29]. We found marked alterations
in the endogenous expression of p53 pathway
members as well as key components of G1/S
transition control system in ESCC cells in
response to changes of mir-577/TSGA10
pathway, thus providing a possible connection
between mir-577/TSGA10 pathway and the two
pathways, which are critical events in the
progression of malignant tumors including
ESCC. Wefurtherinvestigated theirassociations
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in the progression of ESCC and demonstrated
that ESCC with mir-577/TSGA10 axis activation
was always accompanied by inactivation of the
p53 pathway or the Rb pathway or both,
illustrating the cooperative effects of these two
systems on the roles of mir-577/TSGA10
pathway in cell cycle progression of ESCC.

It is intriguing that another series of tumors
showed mir-577/TSGA10 axis activation
without any components alteration in either
p53/p21 pathway or Rb pathway, and this was
interpreted as due to the alteration of other
components of these pathways.

In this study, a tumor was identified as p53 or
Rb pathway inactivation by alteration of even
one component of this regulatory pathway,
which supports the idea that individual genetic
abnormality should be viewed as ways of
disrupting the whole cell signaling but not as
simply abrogating functions of a single gene
[29, 30], also supports the idea that
abnormalities of each component may have
approximately equivalent effects [11, 29].

Given the significant association between mir-
577/TSGA10 pathway activation and TP53
nuclear accumulation alone, in this study, we
also identified a significant association between
the mir-577/TSGA10 pathway activation and
TP53 mutation, since a good correlation is
known to exist between p53 protein accu-
mulation and the presence of TP53 gene
mutations in ESCC [14, 31, 32]. This novel
finding is exciting, since the activation of mir-
577/TSGA10 pathway may give insight into p53
mutation, one of the most frequent genetic
lesions associated with ESCC progression [31].

Limitations of mir-577/TSGA10 axis in cell
types as well as in biological behaviors of
cancers

In investigating the interaction of miR-577 and
TSGA10 and their biological effects, miR-577
was also found to induce as well as required for
other tumor cells in culture to proliferate, thus,
miR-577 might be a general promoter for rapid
tumor progression. However, the above
interaction between miR-577 and TSGA10 may
be tissue and cancer type specific. MiR-577
was found to induce at least four cancer types
to proliferate, but it appeared that only in some
cancer cell types TSGA10 played a role. In other
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cells TSGA10 appeared not involved, indicating
that TSGA10 might not be the only target
mediating the proliferative effects of miR-577,
and the effect exerted by miR-577 might not
always go through TSGA10 in all cancer types.

Another interesting observation in our study
was that miR-577 had a protective effect on
tumor cells during nutrition starvation. At initial
stages of tumor development, tumor cells often
have to face harsh physiological microenvi-
ronments, such as lack of nutrition or ischemia
[33]. However, miR-577 might be beneficial for
tumor cells to escape the GO/G1 boundary and
re-enter the cell cycle under conditions of
nutrition deprivation. This persistent cell cycle
progression would facilitate uncontrolled cell
growth in carcinogenesis and renders ESCC
cells more aggressive [34]. However, the
protective role of miR-577 appeared not to
involve TSGA10 gene expression but may
through other mechanisms [35-43]. Therefore,
the axis formed by miR-577 and TSGA10 found
in ESCC might not be universal and has
limitations not only in cell types but also in
biological behaviors of cancer.
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Effects of MiR-577 and TSGA10 in ESCC

Supplementary Table 1

Cell lines
EC109 ESCC Provided by Professor Kuisheng Chen
Department of Pathology, The
EC9706 (Dep 9y.
University of Zhengzhou,Henan, China)
EC1
TE-1 ESCC the Cell Bank of the Chinese
Academy of Sciences
KYSE150
(Shanghai, China)
EJ Transitional carcinoma of bladder
T24
J82
Hela Squamous cell carcinoma of the cervix BioHermes (Jiangsu,China)
ca ski
5-8F Nasopharyngeal squamous cell carcinoma
Supplementary Table 2
Primers
Name 5-3
TSGA10-F agacaactaggaacagagcg
TSGA10-R gatcgatggtgagcacgttc
mirS77RT ctcaactggtgtcgtggagtcggeaattcagttgagcaggtac
mirS77F acactccagctgggtagataaaatattggtac
mirS77R ctcaactggtgtcgtgga
U6 F ctegettcggecageaca
UG R aacgcttcacgaatttgcgt
18S rRNAF cctggataccgeagcetagga
18S rRNAR gcggcegcaatacgaatgcccce
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Supplementary Table 3
Primary Antibody
Polyclonal mouse Anti-TSGA10 Abcam IHC/ICC/WB
Monoclonal mouse Anti-p16INK4a IHC/WB
Monoclonal rabbit Anti-TSGA10 Sigma-Aldrich IHC/ICC/WB

Monoclonal mouse Anti-BrdU

BrdU incorporation

Monoclonal rabbit Anti-Tp53 (7F5) Cell Signaling Technology IHC/WB
Monoclonal rabbit Anti-p21 Waf1/Cip1 (12D1) IHC/WB
Monoclonal mouse Anti-Rb (4H1) IHC/WB
Monoclonal mouse Anti-B-actin Santa Cruz WB
Secondary Antibody

Anti-mouse IgG (H+L),

F(ab')2 Fragment (Alexa Cell Signaling Technology  ICC

Fluor® 488 Conjugate)
FITC-conjugated goat

anti mouse secondary Sigma-Aldrich BrdU incorporation
antibodies
Goat anti-Rabbit IRDye 800CW (ODYSSEY) LI-COR WB
Goat anti-Mouse IRDye 800CW (ODYSSEY) WB
Polyclonal Goat Anti-Mouse Immunoglobulins ~ Dako IHC
ICC

DAPI (4',6-Diamidino-2-Phenylindole, Dilactate) Invitrogen

BrdU incorporation
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Supplementary Table 4
Correlation of TSGA10 mRNA level with clinicopathologic features

TSGA10 Expression

Total
Characteristic (n=100) low high P
A%e 60 42 28 14 0.416
260 58 43 15
Gender
Female 25 18 7 0.899
Male 75 53 22
Differentiation
well 28 17 11 0.022
Moderate 42 27 15
Poor 30 27 3
Gross Pathology
Fungating 33 22 1 0.571
Medullary 53 40 13
Others 14 ] 5
Position
Upper 12 8 4 0.842
Middle 63 46 17
Lower 25 17 8
T Classification
T1T2 9 5 4 0.542
T3 71 52 19
T4 20 14 6
N Classification
NO 54 36 18 0.301
N1 46 35 11
TNM Stage
| 7 2 5 0.004
1A 23 14 9
1B 25 16 9
[l 45 39 6
Tumor size(cm)
<5 53 31 22 0.003
=5 47 40 7

The 100 ESCC patients were classified as TSGA10-high group and TSGA10-low group by the 75th percentiles of 2 .

Pathological grades and tumor sizes are determined by the pathologists. Tumor stages are classified according to the TNM
classification of the American Joint Committee on Cancer and the International Union. The association between TSGA10
expression and the clinical features were analyzed. X2 test was used, P<0.05 was statistically significant.
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Supplementary Tables 5-8

The difference of TSGA10 protein expression in paired tumors and adjacent esophageal
epithelial tissues analyzed by IHC staining

TSGA10 negative positive
- + ++ +++

Normal 7 53

ESCC 39 21

X2 test P<0.001

IHC analysis of the correlation between TSGA10 staining intensity and the clinical features
(tumor differentiation, tumor stage, and tumor size)

TSGA10 (-) (+) (++) (+++)
Tumor size(cm)
<5 4(16%)  4(16%) 5(20%) 12(48%)
25 9(36%) 7(28%) 8(32%)  3(12%)
x2 test P=0.033
TSGA10 (-) (+) (++)  (+++4)
TNM Stage
| 0(0%) 1(14.3%) 2(28.6%) 4(57.1%)
A 8(63.3%)  3(20%) 3(20%) 1(6.6%)
B 8(53.3%) 4(26.7%) 2(13.3%) 1(6.6%)
1 11(73.4%)  3(20%) 1(6.6%) 0(0%)
P=0.009
TSGA10 ) (+) (++) (+++)
Differentiation
well 15%)  3(15%) 7(35%) 9(45%)

Moderate 8(40%) 4(20%) 5(25%) 3(15%)
Poor 12(60%) 3(15%)  4(20%) 1(5%)

P=0.006



The profile of p53 pathway and G1-S transition control pathway gene abnormalities
in ESCCs with mir-577/TSGA10 pathway activation and inactivation

p53 pathway genes

Effects of MiR-577 and TSGA10 in ESCC

Supplementary Table 9

G1-8S transition control genes

P21/Cip 1 TP53 Rb p16
miR-577-TSGA10 NegativeC Posilived Negative Positive Negative Positive Negative Positive
1 ©* - +++ - -
2 (© - +++ - -
3 (9 - +++ - -
4 ©) - +++ - -
5 () - +++ - -
6 () - +++ - -
70 +++ - -
8 (0 +++ - +
o (0 - +++ - ++
10 () - +++ - ++
no© - +or - -
12 (0 - ++ - -
13 (0 - ++ - -
14 © - ++ + +
15 (0 - ++ + +
1% (0 - +o +++  +
17 (0  + +++ 4+ +
18 (0) + +++ ++ ++
19 (0) + ++ - -
20 (0) + ++ +
21 (0 + + - +++
22 (0) + + + +++
23 (0 4+ - +++ ++
24 (0 + - ++ ++
25 (0) + - ++ ++
26 (0) ++ - ++ ++
27 (0) +++ - + +
28 (X)° +++ - +++ + =+
29 (X) +++ - +++ +++
30 (X) +++ - +++ +++
31 (X) +++ - +++ +++
32 (X +++ - ++ +++
33 (X) +++ - + +++
34 (X) +++ 4+ +++ ++
35 (X) +++ 4+ +++ ++
3% (X) +++ 4+ - -
37 (X) +++ +++ ++ ++
B/ (X +++ +++  + -
39 (X) +++ ++ - +++
40 (X) ++ - +++ ++
a1 (x) ++ - +++ -
42 (X) ++ + ++ +++
43 (X) ++ +++ 4+ +
44 (X) ++ +++  + ++
45 (X) + - +++ +++
46 (X) + - +++ +++
47 (X) + + ++ ++
48 (X)) + + - -
49 (X) + +++ ++ ++
50 (X) + +4++ - -
51 (X) + ++ - +
52 (X) - - - +++
53  (X) - + + -
54 (X) - + + -
55 (X)) = +++ ++ +
56 (X) - +++ - ++
57 (X) - ++ - ++
58 (X)  — ++ ++ +
59 (X)) - ++ ++ -
60 (X) - ++ - -

a:(0),miR-577 is overexpression(by q-PCR,T/N>2 fold) and TSGA10 is negative(by IHC, -/+)
b:(X),miR-577 is downexpression or unchange (by q-PCR,T/N<2 fold) or TSGA10 is positive (by IHC,++/+++)

c:Negative(-/+)
d:Positive(++/+++)



Effects of MiR-577 and TSGA10 in ESCC

Supplementary Table 10
The significant association between mir-577/TSGA10 pathway
activation and dual inactivation of p53 and Rb pathways

P53 pathway genes G1-S transition control genes

P21/Cip 1 TP53 Rb p16

Total - 4
(n=60) Negative Positive Negative

7(25.9%) 20(74.1%) 21(77.8%) 6(22.2%) 18(66.7%) 9(33.3%)
18(54.5%) 13(39.4%) 20(60.6%)

Positive Negative Positive Negative Positive

miR-577-TSGA10 (Of 27  25(92.6%) 2(17.4%)

miR-577-TSGA10 {)()b 33 16(48.5%) 17(51.5%) 19(57.6%) 14(42.4%) 15(45.5%)
a:(0),miR-577 is overexpression{by g-PCR, T/N>2 folds) and TSGA10 is negative(by IHC, -/+)
b:(X),miR-577 is downexpression or unchange (by g-PCR,T/N<2 folds) or TSGA10 is positive (by IHC, ++/+++)

c:Negalive(-/+)
d:Positve(++/+++)
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Supplementary Figure 1. TSGA10 over-expression suppressed tumor formation in nude mice xenografts. (A) Endog-
enous expression level of TSGA10 in ESCC cell lines analyzed by western blot and Q-PCR. B-actin and 18 S rRNA
and served as internal controls. The mRNA results were presented as relative TSGA10 expression, the relative
value of KYSE-150 was set at 100%. (B) The proliferative capability of each ESCC cell line was determined by MTS-
based assay at every 24 h after seeding for 5 days. The proliferation curve was generated based on the absorbance
(OD490). (C) Scatter plots representing s.c. tumor volume and weight. The weight and volume of KYSE-150 xeno-
grafts (TSGA10 over-expression; 176 + 13.23 mg and 274 + 22.9 mm?, respectively) are smaller than the control
(221 + 20.43 mg and 310 + 35.7 mm?; P < 0.01; Student’s t-test). (D and E) Typical images (D) and quantification
(E) of BrdU or ki-67-positive cells are displayed. The dark brown color indicates BrdU or ki-67-positive nuclei. The
scale bar represents 50 um. Each bar represents the mean + s.d. of three independent experiments; *, P < 0.05.
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Supplementary Figure 2. The expression of miR-577 and TSGA10 in ESCC cell lines is negatively correlated to
each other. A: The endogenous expressions of miR-577 and TSGA10 in ESCC cell lines were quantified by Q-PCR,
with RNUGB or 18 S rRNA served as internal control. The relative expressions in EC9706 are both set at 1. B: ESCC
cells were transfected with miR-577 mimics or anti-miR-577 inhibitor (50 nmol) for 72 h. TSGA10 expressions were

measured by western blotting and Q-PCR. The relative TSGA10 mRNA expressions of NC were set at 100%. Each bar
represents the mean + s.d. of three independent experiments; *, P < 0.05.

TSGA10



Effects of MiR-577 and TSGA10 in ESCC

A #1 #2 C
EC-109  ww—=— TsGA10 SINC  SITSGA10  1.ic wurconns
\01 50 _ B-actin 2 500 **
> Z 300
%100 ' msiNC 8 100
o 50 ; %% **  msiTSGA10 EC-109
E 0

TSGA-10 5
2.0 y--si NC-=-si TSGA10 o 1.5 KYSE-150 -
2 © * @ NC
§1 0' {/}]* 1.0 &% e miR-577in
< .U AT gl < g w4 +5i TSGA10
E . /id/x/l %’0.5
50.0 —m———— s 0+——F—W—krr
01234 56Day 01 2 34 5 6Day
E F
KYSE-150 S [ TSGA10 KYSE-150
o > S 3-actin 21,
Z: 2000 o §1
£L=
£ 1000 E
E 30.04
TSGA-10 01234560,
m pcDNA m pcDNATSGA10 -- pcDNA -=- pcDNATSGA10
G H
miR-577 in = + +
siTSGA10 — - + TSGA10  — +
* %
- * ENC
. . %* ENC
EmMiR-577 in = pcDNA TSGA10
m+si TSGA10

KYSE-150 KYSE-150
Supplementary Figure 3. The inactivation of miR-577/TSGA10 pathway suppressed KYSE-150 cell proliferation
in vitro. (A) Q-PCR and Western blot showing the expression of TSGA10 in EC109 cell line after its silencing. The
mMRNA results were presented as relative TSGAL10 expressions, the relative values of control was set at 100%. si
NC: si negative control. (B and C) The effect of TSGA10 silencing on EC109 cell proliferation was determined by
MTS-based assay (B) and colony formation assay (C). (D and G) KYSE-150 cells were transfected with NC, miR-577
inhibitor, or inhibitor along with si-TSGA10, respectively. The proliferative capability of each group was determined
by MTS-based assay at every 24 h after seeding for 5 days (D) and and colony formation assay (G). (E) Q-PCR and
Western blot showing the expression of TSGA10 in KYSE150 cell line after its over-expression. The mRNA results
were presented as relative TSGA10 expressions, the relative values of control was set at 100%. (F and H) The effect
of TSGA10 over-expression on KYSE150 cell proliferation was determined by MTS-based assay (F) and colony forma-
tion assay (H). Each bar represents the mean + s.d. of three independent experiments; *, P < 0.05; **, P < 0.01.
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Supplementary Figure 4. The inactivation of miR-577/TSGA10 pathway caused GO/G1 checkpoint accumulation in
KYSE-150 cells in vitro. A: Representing flow cytometry diagrams showing cell cycle distribution of control KYSE150
cells or cells with mir-577 inhibition at indicated time points (O h, 2 h, 6 h, 10 h, 16 h) after serum addition (left
panel). Bar plots showing the percentage of cells in GO/G1 and S phase (right panel). B: BrdU uptaken showing the
DNA synthesis after the 6 h serum addition. Typical images (left) and quantification (right) of BrdU-positive cells are
displayed. Cell counting showed a significantly different percentage of BrdU-positive cells in the treatment group
compared to the control group. The scale bar represents 100 um. C: Representing flow cytometry diagrams showing
cell cycle distribution of control EC109 cells or cells transfected with miR-577 mimics or miR-577 mimics along with
pcDNA-TSGA10 (lack of 3’UTR) at indicated time points (O h, 6 h) after serum addition (left panel). Bar plots show-
ing the percentage of cells in GO/G1 and S phase (right panel). D: Representing flow cytometry diagrams showing
cell cycle distribution of control KYSE150 cells or cells transfected with miR-577 inhibitor or inhibitor along with
si-TSGA10 at indicated time points (O h, 6 h) after serum addition (left panel). Bar plots showing the percentage of
cells in GO/G1 and S phase (right panel). Each bar represents the mean * s.d. of three independent experiments;
*, P <0.05.
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Supplementary Figure 5. MiR-577 functioned as a general promoter of rapid proliferation in multiple cancer cells
and maintained cell viability under nutrition-deprived environment. A: Endogenous expression of miR-577 in mul-
tiple cancer cell lines analyzed by Q-PCR. RNUGB served as internal controls. The mRNA results were presented as
relative miR-577 expression. The relative value of EC9706 was set at 100%. B: MTS-based assay showing the effect
of miR-577 manipulation on the proliferative capability of a panel of tumor cells from cervix (Hela, Ca Ski), nasophar-
ynx (5-8f) and bladder cancers (EJ, J82, T24), the proliferation curve was generated based on the absorbance and
times. C: Ca Ski cells were transfected with NC, miR-577 inhibitor, or inhibitor along with si-TSGA10, respectively.
The proliferative capability of each group was determined by MTS-based assay at every 24 h after seeding for 5
days. D: Time course of miR-577-maintained cell viability under serum-deprived condition. 3,000 cells transfected
with miR-577 or NC were seeded in 96-well plates and cultured for 24 h. Cell viability was detected at the indicated
time points using the MTS assay. Each bar represents the mean + s.d. of three independent experiments; *, P <
0.05; **, P < 0.01.
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