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A B S T R A C T

Aims: Breast cancer (BC) is the most frequently diagnosed cancer, ranking sixth as the cause of death among
females in China. Zinc finger HIT-type containing 1 (Znhit1) is a pivotal factor for inhibition of gene mutation
and cell proliferation. Due to the unknown function of Znhit1 in cancers, we aimed to explore the role of Znhit1
in BC as well as the underlying mechanisms.
Main methods: Znhit1 expression in clinical specimens and cell lines of BC was measured by quantitative reverse
transcription PCR and Western blot analysis. Then, the effects of Znhit1 overexpression on cell proliferation,
apoptosis and invasion of BC cells as well as in vivo tumor growth were assessed. The interactions among Znhit1,
PTEN and the downstream PI3K/Akt/mTOR pathway were evaluated by Western blot analysis. Finally, the role
of Znhit1 in prognosis was analyzed in clinical specimens.
Key findings: Znhit1 was down-regulated in BC cell lines and clinical specimens. Znhit1 overexpression induced
apoptosis and repressed proliferation and invasion of BC cells. Moreover, Znhit1 overexpression induced cell
cycle arrest at G0/G1 stage. In vivo data showed that Znhit1 overexpression inhibited BC tumor growth in mice.
Further experiments showed Znhit1 affected BC through up-regulating PTEN, along with inactivation of the
PI3K/Akt/mTOR pathway. We finally proved that high expression of Znhit1 indicated improved prognosis.
Significance: Znhit1 overexpression inhibited BC tumorigenesis possibly through PTEN-mediated inactivation of
the PI3K/Akt/mTOR pathway. Additionally, high expression of Znhit1 indicated improved prognosis.

1. Introduction

With the aging population and prevalence of risk factors, human
cancer becomes a huge burden on society worldwide [1]. Globally,
breast cancer (BC) is the second most common cancer, accounting for
12% of all cancer incidences in 2012 [2]. Currently, BC is identified to
be the most frequently diagnosed cancer, ranking sixth as the cause of
death among females in China [3]. Although the understanding of
tumor-intrinsic genomic changes has been improved recently, whether
a patient is accompanied by high risk of disease recurrence or metas-
tasis remains difficult to define [4].

DNA double-strand breaks (DSBs) are serious events that lead to
mutations and chromosomal instability if unrepaired or repaired in-
correctly [5]. In vertebrates, DSBs can be repaired by homologous re-
combination, in which extensive DNA-end resection is required [5–7].
Zinc finger HIT-type containing 1 (Znhit1), located at breakpoint region
of chromosome 7, is a component of SNF-2 related CBP activator pro-
tein (SRCAP) complex, which has been reported to promote DNA-end

resection [8,9]. To be specific, SRCAP complex is capable of remodeling
chromatin by catalyzing the incorporation of H2AZ-H2B dimers into
nucleosomes [10,11]. Thus, Znhit1 is a pivotal factor for inhibition of
gene mutation. Considering that mutation of genes, such as TP53,
BRCA1 and BRCA, has been identified in patients with BC [12,13], we
hypothesized that there might be an emerging relationship between
Znhit1 and BC progression.

As a malignant tumor, BC is characterized by the imbalanced cell
proliferation and apoptosis [14]. Moreover, patients with BC are at high
risk of recurrence in metastatic form of cancer [15]. Hence, the roles of
Znhit1 in BC cell proliferation, apoptosis and invasion are of great
importance. The phosphoinositide 3-kinase (PI3K)/Akt/mammalian
target of rapamycin (mTOR) pathway is a complex intracellular
pathway which is involved in BC and its activation promotes cell
growth and tumor progression [16]. Phosphatase and tensin homolog
on chromosome ten (PTEN) is a tumor suppressor that is inactivated in
human BC [17]. Numerous literatures focused on this protein to explore
potential therapeutic strategies for BC [18,19]. The interactions
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between Znhit1 and PTEN as well as the PI3K/Akt/mTOR pathway are
still not fully understood.

In our study, the expression of Znhit1 in BC clinical specimens and
BC cell lines was measured. Then, we assessed the effects of abnormally
expressed Znhit1 on BC cell proliferation, apoptosis and invasion as
well as in vivo BC tumor growth. Afterwards, the interactions between
Znhit1 and PTEN as well as the PI3K/Akt/mTOR pathway were ex-
plored both in vitro and in vivo. The effects of Znhit1 on survival of
patients with BC were also studied.

2. Materials and methods

2.1. Cell culture

Normal breast epithelial cell line MCF-10A and six BC cell lines
including MCF7, ZR-75-30, T47D, BT474, SKBR3 and ZR751 were ob-
tained from the American Type Culture Collection (ATCC, Manassas,
VA, USA). MCF-10A cells were maintained in DMEM/F-12 medium
(GIBCO, Grand Island, NY, USA) with several additives including horse
serum (5%; GIBCO), epidermal growth factor (20 ng/mL; Peprotech,
Rocky Hill, NJ, USA), hydrocortisone (0.5 μg/mL; Sigma-Aldrich, St.
Louis, MO, USA), insulin (10 μg/mL; Sigma-Aldrich), cholera toxin
(0.1 μg/mL; Sigma-Aldrich). Base medium for SKBR3 cells was DMEM/
F-12 medium, however, for other BC cells was RPMI-1640 medium
(GIBCO). Culture medium for all the BC cells was supplemented with
10% fetal bovine serum (FBS; GIBCO). In addition, for T47D cells,
0.2 U/mL of bovine insulin (Sigma-Aldrich) was also added. All cells
were grown in a humidified incubator with 5% CO2 at 37 °C.

2.2. Clinical specimen collection

Human BC tissues and corresponding non-tumor tissues (n= 60)
were collected from patients who underwent surgical resection in
China-Japan Union Hospital of Jilin University and The First Hospital of
Jilin University between February 2008 to January 2010. Patients did
not receive any therapy before surgery. Postoperative follow-up in-
formation was obtained from the clinical records and patients were
followed up for 78months. Written informed consents were signed
prior to sample collection. Surgical tissues were partially transferred to
the laboratory in cold temperature for preparation of single cell sus-
pension, and the rest of tissues were snap-frozen in liquid nitrogen
immediately, followed by store at −80 °C for subsequent experiments.
The procedure was approved by the ethics committee of the China-
Japan Union Hospital of Jilin University and The First Hospital of Jilin
University. Recurrence-free survival (RFS) was defined as time from the
date of surgery to the date of local recurrence or newly diagnosed
metastasis.

2.3. Plasmids construction and small interfering RNA (siRNA) synthesis

Full-length Znhit1 sequence was inserted into pcDNA3.1 plasmid
(Invitrogen, Carlsbad, CA, USA) and the recombined plasmid was re-
ferred to as pc-Znhit1. siRNA targeting PTEN (si-PTEN) was synthesized
by GenePharma Co. (Shanghai, China). Plasmids or siRNAs were
transfected into MCF7 and T47D cells using the Lipofectamine reagent
(Invitrogen) following the protocol of the manufacturer. Cells trans-
fected with siRNAs were harvested at 72 h post-transfection. Stable cell
clones were generated after three weeks of selection in culture medium
containing 0.5mg/mL G418 (Sigma-Aldrich).

2.4. Apoptosis assay

Cell apoptosis of transfected cells was measured using double-
staining with fluorescein isothiocyanate (FITC)-conjugated Annexin V
and propidium iodide (PI). In brief, stably transfected cells (1× 105)
were collected, washed and resuspended in binding buffer. Cells were

stained by Annexin V-FITC and PI by using a FITC Annexin V apoptosis
detection kit (BD Biosciences, Franklin Lakes, NJ, USA). Cells were
detected by a FACS can (Beckman Coulter, Fullerton, CA, USA) and the
percentage of apoptotic cells was analyzed by using FlowJo software
(Tree Star, San Carlos, CA, USA).

2.5. Cell viability assay

Cell viability of transfected cells was assessed by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colori-
metric assay. In brief, stably transfected cells were seeded into 96-well
plates with a density of 5× 103 cells/well and maintained at 37 °C.
Then, 20 μL of MTT (5mg/mL; Sigma-Aldrich) was added into each
well. After that, the cells were incubated at 37 °C for 4 h, followed by
addition of dimethyl sulfoxide (DMSO; 200 μL). After being shaken
vigorously for 10min, the plates were sent to a plate reader (Bio-Rad,
Hercules, CA, USA) for measurement at a wavelength of 570 nm.

2.6. Colony formation assay

Cell proliferation was assessed according to the colony formation
assay. In brief, 1× 103 stably transfected cells were seeded into 6-well
plates. After 14 days' incubation at 37 °C, cells were fixed with 2%
formalin and stained by 0.5% crystal violet (Sigma-Aldrich). Then,
colonies containing>50 cells were counted under a light microscopy
(Olympus, Tokyo, Japan).

2.7. Assessment of cell cycle progression

The distribution of cells in three phases (G2/M, G and G0/G1) of
cell-cycle progression was tested by PI staining and flow cytometric
analysis. Briefly, 1× 105 cells following transfection were collected
and suspended in chilled 70% ethanol at 4 °C overnight. The cells were
stained by 50 μg/mL PI (Sigma-Aldrich) for 30min at room temperature
in the presence of 0.1% Triton X-100 (Sigma-Aldrich) and 20 μg/mL
RNase A (Beyotime, Shanghai, China). FlowJo software (Tree Star) was
utilized to analyze the sample.

2.8. Transwell invasion assay

Z-VAD-FMK, a pan-caspase inhibitor which can block all features of
apoptosis, was purchased from Selleck Chemicals (Houston, TX, USA).
100 μM Z-VAD-FMK was used to treat cell for 2 h prior to transfection.
Cell invasion of transfected cells was determined by invasion Transwell
assay. The Transwell inserts were pre-coated with 50 μg Matrigel (BD
Biosciences). In brief, 200 μL serum-free medium containing 1× 105

cells were seeded into the upper chambers, whereas the lower chamber
was filled with 600 μL complete medium. After incubation at 37 °C for
24 h, cells that did not invade were removed carefully, and the invading
cells were fixed and stained with crystal violet, followed by counting
under a microscope.

2.9. Mouse xenograft models

Five-week-old nude female mice weighing 17–19 g were purchased
from Charles River Laboratories International, Inc. (Beijing, China).
Mice were maintained with rodent chow and water ad libitum on a
standard 12 h light/dark cycle. Mice were randomly assigned into two
groups (n= 6), and then 5×106 MCF7 cells in PBS, stably transfected
with pcDNA3.1 or pc-Znhit1, were injected subcutaneously into the
right flank of mice. By using external calipers, length (l) and width (w)
of tumors were measured every week and tumor volume was calculated
on the basis of the formula (tumor volume= l×w2×0.52). Four
weeks later, tumors were dissected and weighed. All the procedure was
approved by the ethics committee of China-Japan Union Hospital of
Jilin University.
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2.10. Ki67+ staining of cells from clinical specimens

Fresh isolated surgical tissues were cut into small pieces, washed in
PBS and digested in collagenase IV (Sigma-Aldrich). After incubation at
37 °C for 2 h, single cell suspensions were obtained after careful filtra-
tion through Nylon meshes (sterile, 7.4-μm aperture). Then, cells were
fixed in formaldehyde and stained according to the recommendation of
the Ki67 staining kit (558616, BD Pharmingen, San Jose, CA, USA).
Stained cells were analyzed using a FACS can (Beckman Coulter) and
data were analyzed using FlowJo Software (Tree Star).

2.11. Quantitative reverse transcription PCR (qRT-PCR)

Total RNA of cells and tissues was extracted using RNeasy (QIAGEN
Inc., Valencia, CA, USA) following the manufacturer's suggestion. The
RNA yield was determined by the ratio of A260/A280. By using a
Multiscribe RT kit (Applied Biosystems, Foster City, CA, USA) according
to the manufacturer's protocol, 500 ng RNA was reversely transcribed to
cDNA. Then, cDNA (50 ng) was acted as template for quantitative PCR
with a Taqman Universal Master Mix II (Applied Biosystems) following
the manufacturer's protocol. The thermal cycling parameters were
10min at 95 °C, followed by 40 cycles of 15 s at 95 °C and 1min at
60 °C. Relative expression of Znhit1 mRNA was calculated using the
2−ΔΔCt method [20]. GAPDH acted as the housekeeping gene.

2.12. Western blot analysis

Whole cell lysates from tissues and cells were prepared by using
RIPA lysis buffer (Beyotime). After quantification using BCA™ Protein
Assay Kit (Pierce, Rockford, IL, USA), supernatants of cell lysates were
separated by 10% SDS-PAGE and transferred onto polyvinylidene di-
fluoride (PVDF) membranes. These membranes were blocked by 5%
skimmed milk, followed by incubation at 4 °C overnight with the pre-
sence of primary antibody against Znhit1 (A12010, Boster Biological
Technology, Wuhan, China), c-Myc (ab122907), cyclinD1 (ab134175),
p21 (ab109520), cleaved caspase-3 (ab49822), E-cadherin (ab15148),
PTEN (ab32199), eukaryotic initiation factor 4E-binding protein 1 (4E-
BP1; ab131453), phospho (p)-4E-BP1 (ab75767), PI3K (ab109006), p-
PI3K (ab182651), matrix metalloproteinase (MMP)-2 (ab97779), MMP-
9 (ab137867), GAPDH (ab181603, all Abcam), Akt (9272) or p-Akt
(9271, both Cell Signaling Technology, Beverly, MA, USA). After rin-
sing, membranes were incubated with horseradish peroxidase-con-
jugated secondary antibody (goat anti-rabbit, ab6721, Abcam) at room
temperature for 1 h. After rinsing again, the bound antibody was vi-
sualized by a SuperSignal West Pico chemiluminescence ECL kit
(Pierce).

2.13. Statistical analysis

All experiments were repeated three times. The results were pre-
sented as the means± standard deviation (SD). Statistical analysis was
performed using statistical software SPSS 19.0 (SPSS Inc., Chicago, IL,
USA). The P-values were calculated using the one-way analysis of
variance (ANOVA) or unpaired two-tailed t-test. Recurrence-free sur-
vival curve was calculated using the Kaplan-Meier method, a non-
parametric statistic used to estimate the survival function from lifetime
data. The difference between low and high Znhit1 expression groups
was assessed by log-rank test, a hypothesis test to compare the survival
distributions of two samples. A P < 0.05 was considered as a sig-
nificant difference.

3. Results

3.1. Znhit1 expression was down-regulated in BC cell lines and clinical
tissues

The mRNA expression of Znhit1 in normal MCF-10A cells and six BC
cell lines was measured by qRT-PCR. In Fig. 1A, mRNA expression of
Znhit1 in BC cells was significantly lower than that in normal MCF-10A
cells (P < 0.01 or P < 0.001). Meanwhile, mRNA and protein ex-
pression of Znhit1 in clinical tissues was also assessed. Results showed
protein (Fig. 1B) and mRNA (Fig. 1C) expression of Znhit1 was sig-
nificantly lower in tumor tissues compared with that in non-tumorous
tissues (P < 0.001). All the results illustrated that Znhit1 expression
was down-regulated in BC.

3.2. Overexpression of Znhit1 induced apoptosis and repressed proliferation
and invasion in BC cells

Recombined plasmids were stably transfected into MCF7 and T47D
cells to overexpress Znhit1. Fig. 2A showed protein expression of Znhit1
in the MCF7 and T47D cells was markedly up-regulated by transfection
with pc-Znhit1, suggesting that Znhit1 was overexpressed after stable
transfection. The expression of proteins associated with cell prolifera-
tion, apoptosis and invasion were measured. In Fig. 2B, Znhit1 over-
expression down-regulated expression of c-Myc and cyclinD1 while up-
regulated expression of p21, cleaved caspase-3 and E-cadherin. Then,
flow cytometry results showed percentage of apoptotic cells was dra-
matically increased by Znhit1 overexpression as compared to the
pcDNA3.1 group in both MCF7 and T47D cells (P < 0.01 or
P < 0.001, Fig. 2C). In MCF7 cells, cell viability was significantly re-
duced by Znhit1 overexpression as compared to the pcDNA3.1 group at
2 d (P < 0.05), 3 d and 4 d (both P < 0.01) after cell culture (Fig. 2D).

Fig. 1. Znhit1 is down-regulated in breast cancer (BC) cell lines and clinical
specimens of BC. mRNA and protein expression of Znhit1 was measured by
quantitative reverse transcription PCR and Western blot analysis, respectively.
A. Relative mRNA expression of Znhit1 in normal MCF-10A cells and six BC cell
lines. B. Representatives of Znhit1 protein expression in tumor tissues and
paired non-tumorous tissues (n= 2). C. Relative mRNA expression of Znhit1 in
tumor tissues and paired non-tumorous tissues (n=25). Data are presented as
the mean ± SD. **P < 0.01; ***P < 0.001. Znhit1, Zinc finger HIT-type
containing 1.
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Likewise, colony number was dramatically decreased by Znhit1 over-
expression compared with the pcDNA3.1 group (P < 0.01, Fig. 2E).
Znhit1 overexpression induced cell cycle arrest at G0/G1 stage as
compared to the pcDNA3.1 group (Fig. 2F). Conversely, invasive cell
number of cells overexpressing Znhit1 was significantly lower than that
of cells transfected with pcDNA3.1 (P < 0.01, Fig. 2G). Besides that,
apoptosis inhibitor Z-VAD-FMK was used prior to Transwell assay. We
found that, cell invasion was also significantly repressed by Znhit1
overexpression in the presence of Z-VAD-FMK (P < 0.05, Fig. 2H). The
result indicated that cell invasion was indeed inhibited and not because
Znhit1 overexpression killed more cells so as to have fewer cells
available for Transwell invasion. Taken together, we concluded that
Znhit1 overexpression induced apoptosis and inhibited proliferation
and invasion of BC cells.

3.3. Overexpression of Znhit1 inhibited in vivo tumor growth

MCF7 cells stably transfected with pcDNA3.1 or pc-Znhit1 were
injected into nude mice, followed by assessment of tumor volume and
weight. As shown in Fig. 3A, tumor volume of mice was markedly re-
duced by Znhit1 overexpression at 2 weeks (P < 0.05), 3 weeks
(P < 0.01) and 4weeks (P < 0.001) post-injection. The tumor weight
of mice was also dramatically decreased by Znhit1 overexpression at
4 weeks post-injection (P < 0.01, Fig. 3B). Western blotting for the
Znhit1 expression in dissected tumors proposed that Znhit1 was over-
expressed during the tumorigenesis in mice, which were injected with
MCF7 cells stably transfected with pc-Znhit1 (Fig. 3C). Results above
illustrated that Znhit1 overexpression repressed in vivo tumor growth.

3.4. Overexpression of Znhit1 inhibited the PI3K/Akt/mTOR and up-
regulated PTEN expression

Expression of PTEN and phosphorylation of key kinases in the PI3K/
Akt/mTOR pathways was assessed. In Fig. 4A, PTEN expression was up-
regulated while phosphorylated levels of 4E-BP1 (key substrate of
mTOR), Akt and PI3K were reduced in both MCF7 and T47D cells.
Furthermore, the Znhit1 overexpression induced alterations of these
proteins were reversed by PTEN silence (Fig. 4B) in MCF7 cells. Simi-
larly, up-regulation of PTEN and down-regulations of p-4E-BP1, p-Akt
and p-PI3K were also observed in tumor tissues of mice injected with
Znhit1-overexpressed MCF7 cells (Fig. 4C) and tumor tissues of clinical
specimens as well (Fig. 4D). Subsequent experiments showed PTEN
expression was positively correlated with Znhit1 expression in tumor
tissues of mice (Fig. 4E). Besides, down-regulations of c-Myc and cy-
clinD1 as well as up-regulations of p21, cleaved caspase-3 and E-cad-
herin were reversed by PTEN silence (Fig. 4F). Those results suggested
that Znhit1 might inhibit neoplasm growth through up-regulating PTEN
and inhibiting the PI3K/Akt/mTOR pathway.

3.5. High expression of Znhit1 indicated higher survival

Expression of Znhit1 in clinical specimens was dichotomized into
low and high expression groups. Then, prognostic significance of Znhit1
in patients with BC was assessed by Kaplan-Meier analysis and log-rank
test. In Fig. 5A, high expression of Znhit1 was identified to be correlated
with high recurrence-free survival (n= 20 for each group, P=0.042).
Additionally, lower percentage of Ki67 positive cells (P < 0.05,

Fig. 5B), up-regulated expression of E-cadherin and down-regulated
expression of MMP-2 and MMP-9 (Fig. 5C) were observed in patients
with high Znhit1 expression compared with the Znhit1-low group
(n= 10 for each group). Moreover, Znhit1 expression in patients with
stage II cancer was significantly lower than that in patients with stage I
cancer while was higher than that in patients with stage III cancer
(n= 20 for each group, both P < 0.05, Fig. 5D). Those results illu-
strated that high expression of Znhit1 indicated higher survival.

4. Discussion

Although BC is curable if diagnosed at an early stage, high rate of
recurrence (20–30%) makes it become notorious [21]. It is urgently
needed to discover novel therapeutic targets for BC. In our study,
Znhit1 was found to be down-regulated in BC tissues and cell lines.
Overexpression of Znhit1 induced cell apoptosis but repressed cell

Fig. 2. Znhit1 overexpression induces apoptosis and represses proliferation and invasion of breast cancer cells. A. Protein expression of Znhit1 in stably transfected
MCF7 and T47D cells by Western blot analysis. B. Expression of proteins associated with cell proliferation, apoptosis and invasion in stably transfected MCF7 and
T47D cells by Western blot analysis. C. Percentage of apoptotic cells in stably transfected MCF7 and T47D cells by flow cytometry. D. Cell viability of stably
transfected MCF7 cells by MTT assay. E. Colony number of stably transfected MCF7 cells. F. Cell cycle distribution of stably transfected MCF7 cells. G. Invasive cell
number of stably transfected MCF7 cells by Transwell assay. H. Invasive cell number in the presence of an apoptosis inhibitor Z-VAD-FMK. Data are presented as the
mean ± SD. ns, no significant. *P < 0.05; **P < 0.01; ***P < 0.001. Znhit1, Zinc finger HIT-type containing 1; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide; pc-Znhit1, pcDNA3.1 plasmid carry full-length Znhit1 sequences.

Fig. 3. Znhit1 overexpression represses in vivo tumor growth. MCF7 cells stably
transfected with pcDNA3.1 or pc-Znhit1 were injected into nude mice, and
those mice were fed for 4 weeks. A. Tumor volume of mice at each week post-
injection. B. Tumor weight of mice at 4 weeks post-injection. C. Representatives
of Znhit1 protein expression by Western blot analysis. Data are presented as the
mean ± SD. *P < 0.05; **P < 0.01; ***P < 0.001. Znhit1, Zinc finger HIT-
type containing 1; pc-Znhit1, pcDNA3.1 plasmid carry full-length Znhit1 se-
quences.
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proliferation and invasion in vitro. Mouse xenograft models showed
Znhit1 inhibited in vivo tumor growth. More experiments proved that
Znhit1 affected BC cells through up-regulating PTEN, followed by in-
activation of the PI3K/Akt/mTOR pathway. By analyses of the clinical
BC tissues, we found high expression of Znhit1 indicated high recur-
rence-free survival in patients with BC.

The anti-proliferative role of Znhit1 had been reported previously
[22]. However, the role of Znhit1 in cancers remains unclear. To ex-
plore the possible role of Znhit1 in BC, we measured the expression of
Znhit1 in clinical BC tissues and cell lines. Results showed Znhit1 was
low expressed in six BC cell lines and clinical BC specimens, suggesting
the possible involvements of Znhit1 in BC progression.

To verify whether Znhit1 acted as a tumor suppressor, Znhit1 was
overexpressed via stable cell transfection. Results in our study showed
cell apoptosis was induced while cell proliferation and invasion were
both repressed in BC cells. Those results were consistent with the lit-
erature by Yang et al., in which, Znhit1 was reported to cause cell cycle
arrest and play essential role in cell proliferation [22]. c-Myc is a
member of MYC proto-oncogene family that acts as a key regulator in
tumor initiation and maintenance [23]. CyclinD1 is a pivotal G1-phase
cyclin that binds to CDK4/6, whose activity is required for G1/S tran-
sition [24]. Of contrast, p21 is a member of CDK inhibitor family that
arrest G1/S transition [25,26]. In our study, the down-regulation of c-
Myc and cyclinD1 as well as the up-regulation of p21, induced by

Fig. 4. Znhit1 overexpression up-regulates PTEN and
inhibits the PI3K/Akt/mTOR pathway in breast cancer
cells. Protein expression was determined by Western blot
analysis. A. Znhit1 overexpression up-regulated PTEN
and decreased phosphorylation of key kinases in the
PI3K/Akt/mTOR pathway in MCF7 and T47D cells. B.
Alterations of PTEN expression and phosphorylated le-
vels of key kinases in the PI3K/Akt/mTOR pathway were
reversed by PTEN silence in MCF7 cells. C. Up-regulated
PTEN expression and decreased phosphorylation of key
kinases in the PI3K/Akt/mTOR pathway were observed
in tumor tissues of mice. D. PTEN was up-regulated and
phosphorylated levels of key kinases in the PI3K/Akt/
mTOR pathway were decreased in tumor tissues com-
pared with corresponding non-tumorous tissues of clin-
ical specimens. E. PTEN expression was positively cor-
related with Znhit1 expression in tumor tissues of mice.
F. Alterations of proteins associated with proliferation,
apoptosis and invasion were reversed by PTEN silence in
MCF-7 cells. Znhit1, Zinc finger HIT-type containing 1.

Fig. 5. High expression of Znhit1 indicates
improved prognosis. Expression of Znhit1 in
clinical specimens was dichotomized into
low and high expression groups. A. Kaplan-
Meier analysis of recurrence-free survival in
patients with breast cancer (n= 20 for each
group). B. Percentage of Ki67 positive cells
by Ki67+ staining (n=10 for each group).
C. Expression of proteins associated with
cell invasion by Western blot analysis
(n= 10 for each group). D. Relative mRNA
expression of Znhit1 in tumor tissues from
patients with stage I–III breast cancer by
quantitative reverse transcription PCR
(n= 20 for each group). Data are presented
as the mean ± SD. *P < 0.05. Znhit1,
Zinc finger HIT-type containing 1; MMP,
matrix metalloproteinase.
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Znhit1 overexpression, partially explained the anti-proliferative role of
Znhit1 in BC cells. As a key executor of apoptosis, up-regulated cleaved
caspase-3 is the evidence of cell apoptosis [27]. In epithelial cells, E-
cadherin is the main cell-to-cell-adhesion molecule and its down-reg-
ulation is frequently observed in BC [28]. The up-regulations of cleaved
caspase-3 and E-cadherin made by Znhit1 overexpression, provided
supports for the elevated apoptosis and reduced invasion in BC cells.

Afterwards, we also explored the in vivo role of Znhit1 in BC tumor
growth. As a result, volume and weight of tumors synthesized from
transfected MCF7 cells were both reduced by Znhit1 overexpression in
nude mice. Together, the expression of Znhit1 in tumors was measured,
illustrating that the Znhit1 was stably overexpressed during the tu-
morigenesis in mice. Those in vivo results consolidated the tumor sup-
pressive role of Znhit1 in BC.

To further explore the underlying mechanism of Znhit1-associated
regulation in BC, expression of PTEN and proteins associated with the
PI3K/Akt/mTOR pathway were analyzed. We found that Znhit1 over-
expression up-regulated PTEN and inhibited the PI3K/Akt/mTOR
pathway in BC cells. Then, the Znhit1-induced alterations were iden-
tified to be reversed by PTEN silence, illustrating that Znhit1 inhibited
the PI3K/Akt/mTOR cascade possibly through up-regulating PTEN.
Subsequently, the effects of Znhit1 overexpression on BC were verified
in tumors from mice and clinical specimens. Data from in vivo experi-
ments proved the positive correlation between PTEN and Znhit1.
Further experiments stated that Znhit1 affected proliferation, apoptosis
and invasion of BC cells possibly through up-regulating PTEN.

Utilizing clinical specimens, Znhit1 expression was found to be
positive correlated with recurrence-free survival. Ki67 is a nuclear
protein which can be observed in all phases of cell cycle except for G0
phase [29]. Ki67 has been reported as a useful biomarker for BC in
previous studies and its expression is linked to worse prognosis [30,31].
MMPs are proteases involved in degradation and modulation of extra-
cellular proteins, and their expression lead to tumor initiation and
progression [32]. In our study, high expression of Znhit1 was correlated
with low expression of Ki67, MMP-2 and MMP-9 as well as high ex-
pression of E-cadherin in clinical specimens, suggesting the improved
prognosis. Besides, Znhit1 expression was proved to be down-regulated
with the increase of stages.

In conclusion, we firstly identified Znhit1 as a tumor suppressor that
inhibited tumor growth both in vitro and in vivo. In addition, Znhit1 was
positively correlated with PTEN expression and it could affect BC
through PTEN-mediated inhibition of the PI3K/Akt/mTOR pathway.
We also proved that high expression of Znhit1 indicated improved
prognosis. Our study revealed the possible molecular mechanism for the
Znhit1-associated regulation in BC, providing innovate therapeutic
strategies for the treatment of BC.
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