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Like other human cancers, the malignancy of cervical cancer is also characterized by abilities of proliferation,
migration, and invasion. Protein kinase C-zeta (PKCC) has been highly correlated with several human cancers.
Baicalin was proven to regulate PKC. This study aimed to investigate the anti-cancer effect and involved mo-
lecular mechanisms of baicalin on human cervical cancer.

Baicalin at various concentrations was used to treat 2 human cervical cancer cell lines Hela and SiHa. The pro-
liferation was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenylterazolium bromide (MTT) assay. The apop-
tosis was detected by terminal transferase UTP nick end labeling (TUNEL) assay. Wound healing assay and
Transwell assay were used to evaluate the migration and invasion respectively. Western blotting was performed
to assess the protein expression levels.

Baicalin administration significantly reduced the viability by facilitating the apoptosis in Hela and SiHa cells.
Baicalin treatment also significantly reduced the wound closure and cell amount invaded as measured by
Transwell assay. The expression levels of PKCC, survivin, matrix metalloproteinase (MMP)2, MMP9 as well as
the phosphorylation of signal transducer and activator of transcription (STAT) 3 were reduced in baicalin ad-
ministrated cervical cancer cells.

Baicalin exerted anti-cancer effects on human cervical cancer cells by targeting STAT3 regulated signaling
pathways.
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Background

Worldwide, cervical cancer is one of the most common cancers
diagnosed in the female population. The incidence and mor-
tality rates are higher in developing countries due the high-
er infection rate of human papillomavirus (HPV) [1]. Currently
the treatment options for cervical cancer are surgery, chemo-
therapy, and radiotherapy [2]. Recently, the novel therapeutic
approach is concurrent chemoradiotherapy (CRRT) which was
proven effective in increasing the 5-year survival rate of cervi-
cal cancer patients [3]. However, the prognosis of cervical can-
cer patients at advanced stage is still poor due to the cancer’s
potent abilities of proliferation, invasion, and metastasis. Thus,
a capable anti-cancer agent for targeting and inhibiting prolif-
eration, invasion, and metastasis simultaneously would be of
high scientific and clinical value for cervical cancer patients.

It has been established that the protein kinase C (PKC) is as-
sociated with malignancy of tumors and was first identified
as a receptor for tumor-promoting phorbol esters [4]. PKCs
are composed of large subfamilies of various isoforms includ-
ing the conventional PKCs (cPKCs), novel PKCs (nPKCs), and
atypical PKCs (aPKCs) [5]. Unlike cPKCs and nPKCs, the down-
stream signaling of aPKCs are different. aPKCs are character-
ized by their unique N-terminal regulatory domain which in-
teracts with partitioning- defective (PAR)-3 and PAR-6. These
PAR proteins play critical roles in cell proliferation, division, and
polarization. Previous studies have indicated that the interac-
tions between aPKCs and PAR proteins are correlated with ma-
lignant capabilities of metastatic carcinomas [6].

As a member of aPKCs, the increased expression of PKC{ was
reported to be associated with human cancer by regulating the
mitogenic, migrative, and apoptotic intracellular signaling [7].
Signal transducer and activator of transcription (STAT)3 was
identified as a downstream effecter of PKCZ8. The activation
and nuclear translocation of STAT3 participated in triggering
expression of several genes involved in neoplasia and metas-
tasis [9]. It was described previously that the blocking of aP-
KCs signaling inhibited the transformed growth and invasion
of human pancreatic cancer cells [10]. Baicalin is a flavonoid
extracted from a Chinese medical herb named Scutellaria ba-
icalensis Georgi which has been applied in Traditional Chinese
Medicine (TCM) since ancient times. Modern pharmacologi-
cal investigations revealed the biological activities of baicalin,
such as anti-oxidant, anti-fibrosis, anti-bacterial, and anti-in-
flammatory effects [11]. Previous studies have indicated the
anti-cancer activity of baicalin against multiple human cancers
including hepatic cancer, lung cancer, and lymphoma [12-14].
There are very few studies investigating the anti-cancer ef-
fects of baicalin on human cervical cancer. Moreover, a pre-
vious study suggested the regulation effect of baicalin on
PCK15. Thus, we proposed the hypothesis that baicalin could

Wang Q. et al.:
Baicalin inhibits human cervical cancer cells...
© Med Sci Monit, 2018; 24: 1955-1961

suppress human cervical cancer by regulating PKC- associat-
ed pathways.

In this study, the anti-cancer effect of baicalin was observed
in 2 human cervical cancer cell lines (HeLa and SiHa). The in-
volvement of PKC{/STAT3 signaling was also investigated as
a possible molecular mechanism. We believe that results from
this study could not only add more information concerning the
mechanisms of pathogenesis of cervical cancer, but also contrib-
ute to accumulating evidence supporting potential application
of baicalin as an anti-cancer agent in cervical cancer patients.

Material and Methods

Agents and antibodies

Agents and antibodies included: baicalin (Sigma-Aldrich, Cat#
572667), TUNEL kit (Roche, Cat# 11684795910), PKCC antibody
(Cell Signaling Tech, Cat#9372, 1: 4000), STAT3 antibody (Cell
Signaling Tech, Cat#4368, 1: 2000), phosphorylated STAT3 anti-
body (p-STAT3, Cell Signaling Tech, Cat#8119, 1: 2000), Survivin
antibody (Abcam, Cat#ab76424, 1: 4000), matrix metallopro-
teinase (MMP)2 antibody (Abcam, Cat#ab37150, 1: 4000),
MMP9 antibody (Abcam, Cat#ab38898, 1: 4000), Histone H3
antibody (Abcam, Cat#ab8580, 1: 4000), and GAPDH antibody
(Sigma-Aldrich, Cat#G9545, 1: 6000).

Cell lines and treatment

Human cervical cancer Hela and SiHa cells were purchased
from China Center for Type Culture Collection (CCTCC). Cells
were maintained in Dulbecco modified eagle medium (DMEM,
Hyclone) supplemented with 10% fetal bovine serum (FBS,
Hyclone), penicillin (100 U/mL, Sigma-Aldrich) and strepto-
mycin (100 mg/mL, Sigma-Aldrich) in a humidified cell incu-
bator providing 5% CO, and 95% fresh air at 37°C. Cells were
exposed to baicalin for 48 hours at 10, 20, 30, and 40 mmol/L.

Cell viability assessments

The cell viability was assessed by 3-(4,5-dimethylthiazol-
2-yl)-2,5 diphenylterazolium bromide (MTT) assay in accor-
dance with previous descriptions. Briefly, cells were seeded
into a 96-well cell culture plate at density of 5x10%/well. Cells
were treated with baicalin as described. Cells in each well were
incubated with MTT (5 mg/mL, Sigma-Aldrich) at 37°C for 4
hours. The resulted formazan crystals were dissolved by di-
methyl sulfoxide (DMSO). The absorbance at 490 nm was de-
termined by a plate reader. The cell viability was calculated by
the formula: (OD /0D x100%.

treatment control)
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Cell apoptosis detection

Cell apoptosis was detected by terminal transferase UTP nick
end labeling assay (TUNEL) assay. Cultured cells were fixed with
neutral buffered formaldehyde. A TUNEL kit was used to de-
tect the apoptotic cells in according to the protocol provided
by the manufacturer. An inverted fluorescent microscope was
used to observe the cells and to capture the fluorescent images.

Cervical cancer cell migration evaluation

In this study, wound healing assay was used to evaluate the mi-
gration ability of cervical cancer cells. Briefly, cells were seeded
and further cultured in 60 mm-culturing dishes and received
above described treatment of baicalin accordingly. The wound
was formed by using a 2-mm-wide razor and the edges were
marked. After treatment, the cells were fixed by neutral buff-
ered formaldehyde which was subjected to 4’,6-diamidino-
2-phenylindole, dihydrochloride (DAPI) fluorescent staining.
An inverted fluorescent microscope was used to observe the
cells and to capture the fluorescent images. Wound closure
was measured by analyzing the captured images.

Cervical cancer cell invasion assessment

The cell invasion capacity of cervical cancer cells was assessed
by Transwell assay with Matrigel-coated Transwells (BD). This
assay was carried out according to the manufacturer’s instruc-
tions. Briefly, the upper surfaces of these Transwells were coat-
ed with Matrigel. Cells were seeded to the wells at density of
3.5x10*/well with serum-free medium. Cells were then received
treatment of baicalin as described. The lower well was filled
with medium supplemented with 10% FBS. After 20-hour in-
cubation, the cells remaining on the upper wells were removed
and the cell number invaded through the wells was counted.

Western blotting

Cells were homogenized and lysed with RIPA lysis buffer sys-
tem (Santa Cruz) supplemented with phenylmethanesulfonyl-
fluoride or phenylmethylsulfonyl fluorid (PMSF, Santa Cruz).
A cytoplasm protein extraction kit (Santa Cruz) and a nuclear
protein extraction kit (Beyotime) were used to extract the cy-
toplasmic and nuclear protein respectively from cancer cells
according to the manufacturer’s instructions. The concentra-
tions of the protein samples were determined by using a BCA
protein assay kit (Invitrogen). Proteins were separated after
subjected to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred electronically to the
polyvinylidene fluoride (PVDF) membranes. Primary antibod-
ies against PKCE, STAT3, (p-STAT3), survivin, MMP2, MMP9,
Histone H3 and GAPDH were used to incubate the mem-
branes at 4°C for 10 hours. After washing with Tris-buffered
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Figure 1. Columns indicated the cell viabilities of cultured Hela
cells (dark blue) and SiHa cells (light blue) treated
with baicalin at concentrations of 0, 10, 20, 30, and
40 mmol/L respectively. ? Differences were significant
when compared with 0 mmol/L (P<0.05); ® differences
were significant when compared with 10 mmol/L
(P<0.05);  differences were significant when compared
with 20 mmol/L (P<0.05); ¢ differences were significant
when compared with 30 mmol/L (P<0.05).

saline supplemented with 0.1% Tween 20 (TBST), the mem-
branes were further incubated with HRP-conjugated second-
ary antibodies (Abcam). Then the membranes were developed
by Luminal/Enhancer reagent (Millipore) and visualized on x-
ray films. Images were captured by a scanner and analyzed
by Image) software.

Statistics

In this study, the data was presented in a (mean + standard
deviation) manner and input into Excel (Microsoft). The data
was analyzed by software SPSS (SPSS). The differences be-
tween groups were analyzed by Student’s t-tests and one-
way ANOVA. The post-hoc test was carried out by LSD tests.
The differences were considered statistically significant when
P value <0.05.

Results

Baicalin treatment reduced cervical cancer cell viability in a
concentration- dependent manner. The results are demon-
strated in Figure 1. After incubated with baicalin for 48 hours,
the viability of cervical cancer Hela and SiHa cells decreased
significantly in a baicalin concentration- dependent manner.

Baicalin treatment induced cervical cancer cell apoptosis in a
concentration-dependent manner. The results are demonstrat-
ed in Figure 2. TUNEL assay was employed to detect the apop-
totic cells in this study. It turned out that 48-hour incubation
with baicalin significantly induced the apoptosis of cervical
cancer cells in a concentration-dependent manner.
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Figure 2. The upper panel demonstrated the captured images of TUNEL assay in Hela cells and SiHa cells respectively. Apoptotic
cells were tagged with green fluorescence. Columns on the lower panel indicated the apoptotic percentage of Hela cells
(dark blue) and SiHa cells (light blue) treated with baicalin at concentrations of 0, 10, 20, 30, and 40 mmol/L respectively.
2 Differences were significant when compared with 0 mmol/L (P<0.05); ® differences were significant when compared with
10 mmol/L (P<0.05); < differences were significant when compared with 20 mmol/L (P<0.05); ¢ differences were significant
when compared with 30 mmol/L (P<0.05).
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Figure 3. The upper panel indicated the captured images of wound healing assay. The nuclei of cells were tagged with DAPI staining.
Columns on the lower panel indicated the wound closure of Hela cells (dark blue) and SiHa cells (light blue) treated with
baicalin at concentrations of 0, 10, 20, 30, and 40 mmol/L respectively. ? Differences were significant when compared with 0
mmol/L (P<0.05); ® differences were significant when compared with 10 mmol/L (P<0.05); © differences were significant when
compared with 20 mmol/L (P<0.05); ¢ differences were significant when compared with 30 mmol/L (P<0.05).

Baicalin treatment inhibited migration of cervical cancer cells
in a concentration-dependent manner. Figure 3 demonstrates
the results of the wound healing assay which was used to eval-
uate the migration of cervical cancer cells. The baicalin treat-
ment significantly decreased the wound closure percentage of
both Hela and SiHa cervical cancer cells. The inhibition effect
was in a baicalin concentration-dependent manner.

Baicalin treatment suppressed the invasion capacity of cer-
vical cancer cells in a concentration-dependent manner. The
results of Transwell assay are demonstrated in Figure 4. The
treatment of baicalin decreased the cervical cancer cell num-
ber invaded through the Matrigel. The inhibitory effect of ba-
icalin on the invasion ability of cervical cancer was in a con-
centration-dependent manner.

Baicalin administration suppressed the PKC{/STAT3 signaling
in cervical cancer cells. As shown in Figure 5, the expression
levels of proteins of PKC{/STAT3 signaling were demonstrated.
The baicalin administration inhibited expression level of PKC,
nuclear translocation and the phosphorylation level of STAT3
in cervical cancer cells in a concentration-dependent manner.
As a result, the protein expression levels of PKCE/STAT3 sig-
naling targeted genes, including Survivin, MMP2, and MMP9
were also downregulated by baicalin administration in a con-
centration-dependent manner.

Discussion

Like other human cancers, the malignancy of cervical cancer is
characterized by cancer cells’ potent capacities of proliferation,
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Figure 4. The upper panel indicated the captured images of Transwell assay. The cells invaded through the Matrigel were positively
stained. Columns on the lower panel indicated the cell number invaded through the Matrigel per field (5 fields were
observed) of Hela cells (dark blue) and SiHa cells (light blue) treated with baicalin at concentrations of 0, 10, 20, 30, and 40
mmol/L respectively. 2 Differences were significant when compared with 0 mmol/L (P<0.05); ® differences were significant
when compared with 10 mmol/L (P<0.05); © differences were significant when compared with 20 mmol/L (P<0.05); ¢
differences were significant when compared with 30 mmol/L (P<0.05).

invasion, and metastasis. Thus, an ideal anti-cancer agent
could be able to inhibit proliferation, invasion, and metasta-
sis simultaneously by targeting certain intracellular signaling
pathways. In this study, we proved that baicalin dramatically
reduced the cell viability, migration and invasion in 2 human
cervical cancer Hela and SiHa cell lines. Our results indicated
that baicalin exerted its anti-cancer activity by impairing the
activation of PKCZ/STAT3 signaling pathway.

The PKC family consists of multiple serine/threonine kinases
which are evolutionarily conserved and distributed in many
human organs and tissues. By regulating targeted signaling
pathways, PKCs are critical for maintaining the cellular biolog-
ical processes such as cell proliferation, migration, differentia-
tion, apoptosis and autophagy [4,16,17]. Expression alteration
and dysregulation of PKCs are often associated with many hu-
man diseases including diabetes, autoimmune diseases, neu-
rodegenerative diseases, and cardiovascular diseases [18].
Altered PCK expression levels have also been indicated to be
associated with a range of human malignant cancers [19]. A
number of different PKC isoforms were identified to partici-
pate in malignant cancers by contributing to cell transforma-
tion, tumor invasion, metastasis, and angiogenesis. Previous
studies suggested a member of aPKC, the PKCE, played a crit-
ical role in multiple human cancers [8]. For instance, deple-
tion of PKCC suppressed proliferation of human colon can-
cer cells [20]. Moreover, elevated PKCC expression was found
to be associated with the invasive phenotype of several hu-
man cancers such as breast cancer, prostate cancer, and glio-
blastoma [7,21,22]. Several previous studies pointed out that
baicalin exerted the capability of regulating PKC activity and
related pathways [23]. Though there were very few related stud-
ies, a previous investigation pointed out that baicalin reduced
phosphorylation levels of PKC in human hepatoma cells [24].

In the current study, we investigated the anti-cancer effects
of baicalin as a PKC{ inhibitor on human cervical cancer cells.
Baicalin effectively suppressed activation of PKC( by reduc-
ing its autophosphorylation. The results turned out that the
administration of baicalin dramatically reduced cell viability,
migration and invasion of Hela cells and SiHa cells in a con-
centration- dependent manner.

STAT3 was one of the downstream effecter of PKC{ whose
activation depends on phosphorylation [25]. STAT3 is recog-
nized as a transcription factor conducting the cancer- promot-
ing signals and its activation is a hallmark of several human
cancers [26]. Our results showed that the phosphorylation as
well as nuclear translocation of STAT3 was significantly re-
duced by the administration of baicalin in human cervical can-
cer cells. After activated by phosphorylation at Tyr705, STAT3
would translocate to the nucleus and act as a sensitive mo-
lecular on/off switch for the transcription initiation of its tar-
geted genes such as Survivin and MMPs [27,28]. Survivin is
an anti-apoptotic protein which prevents the cleavage activa-
tion of caspase cascade to halt apoptosis [29]. In this study, we
found that baicalin treatment decreased the expression lev-
el of survivin in cervical cancer cells. As a result, the apoptotic
rate increased in cervical cancer cells treated with baicalin. By
degradation of the extracellular matrix and alteration the in-
teraction between cancer cells and extracellular matrix, MMP2
and MMP9 play a critical role in the process of invasion and
migration [30]. It has been established that the transcriptions
of MMP2 and MMP9 are promoted by STAT3 activation [28].
In this study, we found that the baicalin treatment dramatical-
ly downregulated the expression levels of MMP2 and MMP9
in cervical cancer cells. Thus, as evidenced by wound healing
assay and Transwell assay, migration and invasion were in-
hibited by baicalin.
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Figure 5. (A) The immunoblots of PKCZ, Survivin, MMP2, MMP9, and GAPDH in Hela cells. (B) The immunoblots of p-STAT3 and STAT3
in Hela cells. (C) The immunoblots of STAT3 and Histone H3 in nuclei of Hela cells. (D) Columns indicated the relative
expression levels of PKCE, Survivin, MMP2, MMP9, and GAPDH in Hela cells. (E) Columns indicated the phosphorylation
level of STAT3 in Hela cells. (F) Columns indicated the relative expression level of STAT3 in nuclei of Hela cells. (G) The
immunoblots of PKCZ, Survivin, MMP2, MMP9, and GAPDH in SiHa cells. (H) The immunoblots of p-STAT3 and STAT3 in SiHa
cells. (I) The immunoblots of STAT3 and Histone H3 in nuclei of SiHa cells. (J) Columns indicated the relative expression levels
of PKCE, Survivin, MMP2, MMP9, and GAPDH in SiHa cells. (K) Columns indicated the phosphorylation level of STAT3 in SiHa
cells. (L) Columns indicated the relative expression level of STAT3 in nuclei of SiHa cells.
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Conclusions

Taken together, data collected in the present study revealed
the potent suppressive effects of baicalin on proliferation, in-
vasion, and metastasis of human cervical cancer cells. These
results indicated baicalin could be possibly employed as an an-
ti-cancer agent in cervical cancer patients. Moreover, inhibition

References:

—

. Petry KU: HPV and cervical cancer. Scand J Clin Lab Invest Supplementum,
2014; 244: 59-62

. Song B, Ding C, Chen W et al: Incidence and mortality of cervical cancer in
China, 2013. Chin J Cancer Res, 2017; 29(6): 471-76

. Lan ML, Yu X, Xiao H et al: Comparison of chemoradiotherapy with and
without brachytherapy as adjuvant therapy after radical surgery in early-
stage cervical cancer with poor prognostic factors: An observational study.
Medicine, 2017; 96: €8384

. Wheeler DL, Reddig PJ, Dreckschmidt NE et al: Protein kinase Cdelta-mediated
signal to ornithine decarboxylase induction is independent of skin tumor
suppression. Oncogene, 2002; 21: 3620-30

N

w

IS

S}

. Ganapathy S, Peng B, Shen L et al: Suppression of PKC causes oncogen-
ic stress for triggering apoptosis in cancer cells. Oncotarget, 2017; 8:
30992-1002

. Wu J, Liu S, Fan Z et al: A novel and selective inhibitor of PKC zeta potently
inhibits human breast cancer metastasis in vitro and in mice. Tumour Biol,
2016; 37: 8391-401

. Paul A, Danley M, Saha B et al: PKCzeta promotes breast cancer in-
vasion by regulating expression of E-cadherin and Zonula Occludens-1 (ZO-
1) via NFkappaB-p65. Sci Rep, 2015; 5: 12520

. Butler AM, Scotti Buzhardt ML, Li S et al: Protein kinase C zeta regulates
human pancreatic cancer cell transformed growth and invasion through a
STAT3-dependent mechanism. PLoS One, 2013; 8: 72061

. Tuo H, Shu F, She S et al: Sorcin induces gastric cancer cell migration and
invasion contributing to STAT3 activation. Oncotarget, 2017; 8: 104258-71

10. Jin YT, Ying XX, Hu YH et al: aPKC inhibitors might be the sensitizer of che-

motherapy and adoptive immunotherapy in the treatment of hASIPa-over-

expressed breast cancer. Oncol Res, 2008; 17: 59-68

[=))

~

oo

o

11. Sahebkar A: Baicalin as a potentially promising drug for the management
of sulfur mustard induced cutaneous complications: A review of molecu-
lar mechanisms. Cutan Ocul Toxicol, 2012; 31: 226-34

12. Yu'Y, Pei M, Li L: Baicalin induces apoptosis in hepatic cancer cells in vitro
and suppresses tumor growth in vivo. Int J Clin Ex Med, 2015; 8: 8958-67

13. Du G, Han G, Zhang S et al: Baicalin suppresses lung carcinoma and lung
metastasis by SOD mimic and HIF-1alpha inhibition. Eur ) Pharmacol, 2010;
630: 121-30

14. Huang Y, Hu J, Zheng J et al: Down-regulation of the PI3K/Akt signaling
pathway and induction of apoptosis in CA46 Burkitt lymphoma cells by ba-
icalin. J Exp Clin Cancer Res, 2012; 31: 48

15. Zhu H, Wang Z, Xing Y et al: Baicalin reduces the permeability of the blood-
brain barrier during hypoxia in vitro by increasing the expression of tight
junction proteins in brain microvascular endothelial cells. ) Ethnopharmacol,
2012; 141: 714-20

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

LAB/IN VITRO RESEARCH

of the PKCE/STAT3 signaling activation was supposed as the
underlying mechanism of the anti-cancer activity of baicalin.
However, our results were in vitro, thus they were very limit-
ed and preliminary. More sophisticated in vivo investigation
and clinical trials in the future are needed to collect more sol-
id evidence.

16. Yin J, Liu Z, Li H et al: Association of PKCzeta expression with clinicopath-
ological characteristics of breast cancer. PLoS One, 2014; 9: e90811

17. Leonard B, McCann JL, Starrett GJ et al: The PKC/NF-kappaB signaling path-
way induces APOBEC3B expression in multiple human cancers. Cancer Res,
2015; 75: 4538-47

18. Nath PR, Isakov N: PKCtheta-regulated signalling in health and disease.
Biochem Soc Trans, 2014; 42: 1484-89

19. Wheeler DL, Reddig PJ, Dreckschmidt NE et al: Protein kinase Cdelta-mediated
signal to ornithine decarboxylase induction is independent of skin tumor
suppression. Oncogene, 2002; 21: 3620-30

20. Lee H, Park M, Shin N et al: High mobility group box-1 is phosphorylated by
protein kinase C zeta and secreted in colon cancer cells. Biochem Biophys
Res Commun, 2012; 424: 321-26

21. Powell CT, Gschwend JE, Fair WR et al: Overexpression of protein kinase
C-zeta (PKC-zeta) inhibits invasive and metastatic abilities of Dunning
R-3327 MAT-LyLu rat prostate cancer cells. Cancer Res, 1996; 56: 4137-41

22. Donson AM, Banerjee A, Gamboni-Robertson F et al: Protein kinase C
zeta isoform is critical for proliferation in human glioblastoma cell lines. J
Neurooncol, 2000; 47: 109-15

23. Shi L, Hao Z, Zhang S et al: Baicalein and baicalin alleviate acetaminophen-
induced liver injury by activating Nrf2 antioxidative pathway: The involve-
ment of ERK1/2 and PKC. Biochem Pharmacol, 2018; 150: 9-23

24. Chiu YW, Lin TH, Huang WS et al: Baicalein inhibits the migration and in-
vasive properties of human hepatoma cells. Toxicol Appl Pharmacol, 2011;
255(3): 316-26

25. Litherland GJ, Elias MS, Hui W et al: Protein kinase C isoforms zeta and iota
mediate collagenase expression and cartilage destruction via STAT3- and
ERK-dependent c-fos induction. J Biol Chem, 2010; 285: 22414-25

26. Yuan J, Zhang F, Niu R: Multiple regulation pathways and pivotal biologi-
cal functions of STAT3 in cancer. Sci Rep, 2015; 5: 17663

27. Sehara Y, Sawicka K, Hwang JY et al: Survivin Is a transcriptional target of
STAT3 critical to estradiol neuroprotection in global ischemia. J Neurosci,
2013; 33: 12364-74

28. Wang J, Zhang L, Chen G et al: Small molecule 1’-acetoxychavicol acetate
suppresses breast tumor metastasis by regulating the SHP-1/STAT3/MMPs
signaling pathway. Breast Cancer Res Treat, 2014; 148: 279-89

29. Jaiswal PK, Goel A, Mittal RD: Survivin: A molecular biomarker in cancer.
Indian J Med Res, 2015; 141: 389-97

30. LiuJ, Ping W, Zu Y, Sun W: Correlations of lysyl oxidase with MMP2/MMP9
expression and its prognostic value in non-small cell lung cancer. Int J Clin
Exp Pathol, 2014; 7: 6040-47

[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



