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Abstract. This study aimed to analyze expression of Müllerian 
inhibiting substance type II receptor (MISRII) protein and 
mRNA in cervical neoplasia, to demonstrate the growth inhibi-
tion of cervical cancer cells by administration of highly purified 
recombinant human Müllerian inhibiting substance (MIS) and, 
furthermore, to evaluate the clinical significance of MIS as a 
biological modifier for MIS receptor expressing tumors. Reverse 
transcriptase polymerase chain reaction (RT-PCR) was used for 
MISRII mRNA expression, and in situ hybridization and immu-
nohistochemistry were used to observe expression, location of 
MISRII mRNA and protein, respectively. To demonstrate the 
effect of MIS on the viability of cervical cancer cells, methyl 
thiazole tetrazolium (MTT) assay was performed. Flow 
cytometry was used to evaluate the cell cycle distribution after 
exposure to MIS in cervical cancer cells, and the annexin-V-
FITC staining method was performed to demonstrate apoptosis 
by MIS in cervical cancer cells. Expression of MISRII protein 
and mRNA were observed in all normal cervical and cervical 
carcinoma tissues. There was no significant difference in expres-
sion of MISRII protein and MISRII mRNA between normal 
cervical and cervical carcinoma tissues. MTT assay showed 
negative correlation between MIS exposure time and the viability 
of cervical cells (P=0.008). The changes in cell cycle distribution 
after MIS exposure suggest that MIS plays an important role in 
inducing cellular apoptosis by causing arrest at the G1 phase and 
increasing cells at sub-G0G1 phase. Annexin-V-FITC staining 
methods showed that cellular apoptosis was, respectively, 10.44 
and 12.89% after 24 and 48 h of MIS exposure in cervical carci-
noma cells. There was a negative correlation between cellular 
survival and MIS exposure time. This study demonstrates that 

MISRII is present on normal cervical and cervical carcinoma 
tissues, and MIS shows receptor-mediated antiproliferative 
effect on cervical cells in vitro. These data suggest that MIS may 
be used as a biological modifier or therapeutic modulator on 
MISRII-expressing tumors in the future.

Introduction

In 1946, Alfred Jost observed that the regression of the Müllerian 
duct in the rabbit embryo was not due to testosterone after 
removing undifferentiated gonad and inserting testosterone 
crystals in its place. He named the critical agent produced by 
testis, Müllerian inhibiting substance (MIS) (1), also known as 
anti-Müllerian hormone (AMH). Following the discovery, an in 
vitro MIS bioassay was developed (2), bovine MIS was purified 
(3) and an immunoassay was created employing monoclonal 
antibody (4). The human gene was cloned and recombinant 
human MIS (rhMIS) was purified (5) soon thereafter a human 
specific ELISA came to use (6-8). MIS is a 140-kilodalton 
(kDa) glycoprotein homodimeric glycoprotein that is a member 
of TGF-β multigene family (9). The human MIS gene is on short 
arm of chromosome 19 the encoded protein produces a 25-kDa 
carboxy-terminus by proteolytic cleavage. This domain is 
sufficient to induce Müllerian duct regression in vitro, whereas 
110 kDa amino-terminal extends the half-life of MIS (10) and 
may facilitate MIS activity. The MIS receptor is expressed in 
all tissues of Müllerian duct origin. It is a heterometric complex 
consisting of single membrane spanning type I and II serine 
threonine kinases. The MIS carboxy-terminus binds to a unique 
MISRII which in turn phosphorylates one of several MIS type I 
receptors and produces signal transduction via a cascade of the 
intracellular Smad pathway originally found to be used in BMP 
signaling (11,12). Other studies suggest that MIS inhibits the 
cell growth by different cellular signaling pathways involving 
cyclin-dependent kinase inhibitor (CDKI) (19,22,23) or nuclear 
factor-κB (NFκB) (13). In addition to being an inhibiting factor 
associated with sex differentiation and reproductive physi-
ology, the MIS receptor was identified in tissues other than the 
reproductive system, therefore, MIS could be a multifunctional 
cellular modulator (14).

MIS is produced by the embryonic testes and responsible 
for the regression of the Müllerian duct by binding the receptor 
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in mesenchyme surrounding the Müllerian duct. Thus blocking 
its differentiating into the oviduct, uterus, upper vagina and the 
outer lining of the ovary. MIS is also associated with fetal lung 
maturation (15), and differentiation of the ovary and testis (16). 
The serum concentration of MIS is 10-70 ng/ml in neonatal boys, 
it slightly elevates before puberty then declines after puberty, 
and maintains a level of 2-5 ng/ml (6,17). In females, MIS is not 
produced by the ovarian granulosa cells to measurable levels in 
serum or follicular fluids until after puberty. The concentration 
of MIS in females is similar to male (2-5 ng/ml). In postmeno-
pausal woman, MIS is not produced. This allows it to be used 
as a parameter of an ovarian function (6,9,17). In addition, MIS 
regulates recruitment and maturation of follicle, folliculogenesis 
and acts as an inhibiting factor of steroid hormone production, in 
autocrine, paracrine and endocrine manner (9,17). MIS not only 
inhibits differentiating into the oviduct, uterus and upper vagina 
in male, but also inhibits meiosis of oocyte in late prophase from 
3 days afterbirth to puberty before ovulation in female. In male, 
MIS inhibits meiosis of germ cell in prophase, although varying 
in degree according to the timing. MIS acts as a regulatory factor 
of cell division both in male and female (16,18). MIS-deficient 
male mice had Leydig cell hyperplasia and hyperandrogenism 
while MIS-deficient female mice showed accelerated oocyte 
degenration and increased follicular atresia (16,18-21).

Not only is MIS an inhibiting factor of a sexual develop-
ment and reproductive physiology, it is established as a regulator 
of cell growth. After MIS was proposed as possible tumor 
growth suppressor, it has been investigated intensively, since 
the early 1980's. The ovarian surface epithelium morphologi-
cally simulates the lining cells of the fallopian tube, which are 
derivatives of the coelomic epithelium of the urogenital ridge, 
which invaginates to form a Müllerian duct early in embryonic 
life (11). Several studies provide physiologic confirmation of the 
Müllerian origin of serous ovarian tumors and suggest that MIS 
may ultimately prove to be effective in its therapy. The results of 
the studies presented show that the growth of ovarian tumor cell 
lines and ovarian tumors were suppressed by MIS concentration, 
especially effective in highly purified rhMIS (22-25).

It has also been demonstrated in previous studies that 
proliferation of cervical, endometrial and breast cancer cells are 
suppressed by MIS treatment (13,26,27). Many of these studies 
mentioned the potential of MIS as a treatment of MIS-receptor 
expressing tumors, however, in-depth discussion or investiga-
tion has yet to come (14). MIS inhibits proliferation of cervical 
cancer cell lines (CaSki, SiHa, C33A) (26). Previously, we 
demonstrated the expression of MIS type II receptor (MISRII) 
in the human papilloma virus (HPV)-16 related cervical cancer 
cell lines (CaSki, SiHa) and a non-HPV-related cervical cancer 
cell line (C33A) (28). We also showed that MIS inhibited growth 
of cervical cancer cells, and induced cellular apoptosis of C33A. 
In addition, we identified characteristic molecular signature of 
MIS in CaSki cells by using whole genome expression analysis 
(28). However, evidenced based data on the potential benefit of 
MIS against human cervical cancers requires further study.

Therefore, this study is aimed to analyze expression of 
MISRII protein and mRNA in cervical neoplasia, to demonstrate 
the growth inhibition of cervical cancer cells by administration 
of highly purified MIS, and, furthermore, to evaluate the clinical 
significance of MIS as a biological modifier for MIS receptor 
expressed tumors.

Materials and methods

Clinical specimens. Paraffin-fixed 12 normal cervical tissues 
and 30 cervical cancer tissues (6 squamous cell carcinoma 
in situ, 2 microinvasive squamous carcinoma, 11 squamous 
cell carcinoma, 2 adenocarcinoma in situ, 2 microinvasive 
adenocarcinoma, 7 adenocarcinoma) were obtained through 
St Mary's Hospital Tissue Banks in the Clinical Pathology 
Department from September 2006 to May 2010. Fifteen fresh 
human tissues (4 normal cervical tissue, 9 squamous carcinoma, 
2 adenocarcinoma) were obtained from discarded tissues of 
patients undergoing surgery at the hospital. Among four fresh 
tissues of normal cervix, there was one case infected by HPV 51. 
On the other hand, there were 12 cases infected by HPV 16 
(7 cases), HPV 18 (2 cases), HPV 31 (1 case), HPV 33 (1 case), 
HPV 52 (1 case) among 11 fresh tissues of cervical cancer. One 
fresh tissue of squamous cancer was co-infected by HPV 16 
and HPV 18. The patients ranged in age from 34 to 68 years 
(mean 45.4 years). This study was approved by the Institutional 
Review Board-Human Research Committee at the Hospital 
(no. SCMC07BR22). Informed consent was obtained from each 
patient.

Construction of tissue microarray block. For the construction of 
the tissue microarray block (TMB), H&E-stained sections from 
all specimens were carefully reviewed. Tissue cylinders 3 mm 
in diameter were punched from carefully selected histologically 
representative regions of each paraffin-embedded donor tissue 
block and brought into a recipient paraffin block using a tissue 
punch instrument. In constructed TMB, clinical samples were 
arrayed in 5 rows x 6 columns position, and control samples 
were positioned in the 7th column.

Tissue preparation. In order to extract the RNA for reverse 
transcriptase polymerase chain reaction (RT-PCR), 4 normal 
cervical tissues and 11 cases of cervical cancer were frozen and 
stored in liquid nitrogen. For in situ hybridization and immu-
nohistochemistry, 5 µm-thick sections from TMB and some 
paraffin-embedded donor blocks were prepared on the slides 
(Probe on slide, Fisher Scientific Co., Pittsburgh, PA, USA).

The expression of MISR II mRNA by RT-PCR
RNA extraction and reverse transcription. Total RNA was 
isolated from 4 normal cervical tissues and 11 cases of cervical 
cancer using RNA tissue kit (Boehringer-Mannheim GmbH, 
Mannheim, Germany). First-strand cDNA was reverse-tran-
scribed from the total RNA using RT kit (Boehringer-Mannheim) 
according to the manufacturer's instruction. The each reaction 
mixture was as followed; 10X reverse transcription buffer 2 µl, 
MMLV reverse transcriptase 0.8 µl, dNTP mix 2 µl, 25 mM 
MgCl 4 µl, random hexamer 2 µl, RNase inhibitor 1 µl, total 
RNA 2 µg, and total volume was adjusted to 20 µl with Depc 
water. The reaction mixtures were incubated for 10 min at 25˚C, 
and then for 60 min at 42˚C followed by RT enzyme inactivation 
step for 10 min at 70˚C. The reaction products were then stored 
-20˚C before the next procedure.

RT-PCR. cDNA products were amplified using by Takara 
PCR amplication kit (Takara Shuzo Corp., Shiga, Japan). 
PCR mixture consisted of 10X PCR buffer 3 µl, dNTP 2.4 µl, 



INTERNATIONAL JOURNAL OF ONCOLOGY  40:  2013-2021,  2012 2015

downstream primer (10 pmol) 1 µl, upstream primer (10 pmol) 
1 µl, Taq polymerase 0.4 µl, cDNA 1 µl, and DEPC water 
21.2 µl. Amplication started with denaturation at 94˚C for 4 min 
followed by 30 cycles of 94˚C for 1 min, 58˚C for 1 min and 72˚C 
for 1 min. The final extension was made at 72˚C for 10 min. The 
sequences of PCR primers were as follows; upstream primer 
5'-ccctgctacagcgaaagaac-3' (MISR II cDNA; Gene Bank, acces-
sion no. AF172932; sequence 581-600), and downstream primer 
5'-tgggtcaagtagtggcacag-3' (sequence 921-941). PCR products  
(4 µl) were separated by electrophoresis on a 1% agarose gel, 
and the band size (361 bp) was examine compared with DNA 
ladder.

Sequencing protocol. Sequencing reactions were performed 
in an MJ Research PTC-225 Peltier Thermal Cycler using a 
ABI PRISM Big Dye Terminator Cycle Sequencing Kits with 
AmpliTaq DNA polymerase (FS enzyme) (Applied Biosystems, 
Foster City, CA, USA), following the protocols supplied by 
the manufacturer. Single-pass sequencing was performed on 
each template using primer. The fluorescent-labeled fragments 
were purified from the unincorporated terminators with an 
ethanol precipitation protocol. The samples were resuspended in 
distilled water and subjected to electrophoresis in an ABI 3730xl 
sequencer (Applied Biosystems).

Immunohistochemistry. Tissues for imunohistochemical detec-
tion of the MIS type II receptor were processed using a fast 
temperature-controlled machine, microprobe immunostaining 
station (Biomeda Co., Foster City, CA, USA). The immunos-
taining procedure was as follows: TMB slides were preheated 
at 85˚C for 30 min, dewaxed with xylene (2 min, 4 times) and 
re-hydrated with water. In order to retrieve antigenic sites, the 
slides were autoclaved at 121̊ C for 10 min in citrate buffer (Zymed 
Lab. Inc., San Francisco, CA, USA), and cooled for 20 min at 
room temperature. The slides were then treated with 3% H2O2 
at 45˚C for 5 min to eliminate endogenous peroxidase activity 
followed by T-TBS wash 4 times. After treatment with normal 
rabbit serum (Zymed Lab. Inc.) at 45˚C for 5 min to block the 
non-specific protein binding, the slides were incubated with rabbit 
polyclonal anti-human MIS type II receptor antiserum (provided 
by Dr David T. MacLaughlin, Massachusetts General Hospital, 
Boston, MA, USA) as primary antiserum at 4˚C overnight. The 
slides were rinsed in T-TBS 4 times, and incubated with biotinyl-
ated anti-rabbit IgG (Zymed Lab. Inc.) as the second antibody 
at 45˚C for 7 min. After T-TBS rinse 4 times, Streptavidin HRP 
detection system (Zymed Lab. Inc.) was applied to the slides at 
45˚C for 7 min to induce the biotin-avidin binding reaction. The 
slides were treated with 3-amino-9-ethylcarbazole (AEC) for 
10 min at room temperature, counterstained with hematoxylin, 
and then mounted with glycerol gel.

In situ hybridization
Production of RNA probe for MIS type II receptor. In order to 
get the in situ RNA-probe, a 361-bp PCR product was prepared 
from the full length of human MISR cDNA (provided by 
Dr David T. MacLaughlin) using the above primers, and cloned 
into T-Easyvector (Promega Corp., Madison, WI, USA). The 
digoxingenin (DIG)-labeled sense and antisense human MISRII 
RNA-probe were prepared by in vitro transcription using a 
DIG RNA Labeling Kit (Boehringer-Mannheim) according to 

the manufacturer's protocol. Titer of RNA probe was examined 
using dot blot method.

In situ hybridization. Five µm-thick sections from TMB were 
preheated at 85˚C in oven for 30 min, dewaxed with xylene 
(2 min, 4 times). After dewaxing, slides were rinsed with 100% 
alcohol, and then dried at 40˚C in oven for 1 h. The dried sections 
were treated in 0.2 N HCI for 20 min and incubated in 20 µg/
ml pepsin (0.1 N HCI) for 20 min at room temperature, which 
was followed by three washes with diethyl pyrocarbonate-
treated PBS. The sections were dehydrated with ethanol and 
dried. Prehybridization and hybridization steps were carried 
out at 53˚C for 2 and 15 h, respectively. The prehybridization 
buffer was composed of 50% formamide, 4X SSC, 10% dextran 
sulfate, 1X Denhardt's solution, and 1 mg/ml salmon sperm 
DNA. The hybridization buffer was identical to the prehybrid-
ization buffer except that salmon sperm DNA was substituted 
with 200 ng/ml MISR II riboprobe. After post-hybridization 
washing, sections were incubated with anti-digoxigenin 
antiserum conjugated with alkaline phosphatase (Boehringer-
Mannheim), and histochemical detection was then performed 
using 4-nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl-
phosphate (Boehringer-Mannheim).

Cervical cancer cell culture and addition of MIS. Fresh human 
uterine cervix cancer specimens were processed as quickly 
as possible after collection. The tissues were rinsed twice 
with phosphate-buffered saline (PBS) and were cut into ~1-3 
mm3 sized pieces. The portions of minced tumor were then 
placed into 50 ml conical tube containing 20 ml of enzyme 
solution [0.14% collagenase type I (Sigma, St. Louis, MO, 
USA) and 0.01% DNaseI (Sigma, 20,000 U/mg) in Dulbecco's 
modified Eagle's medium (Gibco, Grand Island, NY, USA)], 
and incubated on a magnetic stirring apparatus for 2 h at 
37˚C. Enzymatically dissociated tumor was then filtered 
through 100 mm nylon mesh to generate a single cell suspen-
sion. The resultant cell suspension was then washed twice 
in Dulbecco's modified Eagle's medium (Gibco) containing 
10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 
U/ml streptomycin. The pieces were subsequently incubated 
at 37˚C in humid air with 5% CO2. rhMIS (71 nM) was added 
on the cervical cancer cell cultures.

The measurement of cell viability by MTT assay. Three thousand 
cells/well were seeded in 96-well plates (Costar, Cambridge, 
MA, USA) in DMEM with 10% FBS. After 24 h the cells were 
exposed to 71 nM of MIS for 24 and 48 h. The treated cells were 
washed with PBS and 100 µl of MTT solution (5 mg/ml MTT 
stock in PBS diluted to 1 mg/ml with 10% DMEM) was added 
to each well. Cells were incubated for 4 h at 37˚C at the end of 
which time 200 µl DMSO (Sigma) was added and incubated 
further for 30 min at room temperature in the dark. Optical 
densities at 550 nm were measured using an ELISA plate reader 
(Bio-Tek Instruments, Winooski, VT, USA).

Cell cycle analysis. Cells were exposed to MIS for 24 and 48 h, 
collected by trypsinization, fixed with methanol and stored for 
30 min at 20˚C with the equivalent volume of PBS (pH 7.4) 
vehicle control. The cells were washed with PBS and resus-
pended in 1 ml DNA staining solution (20 µg/ml propidium 
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iodide, 200 µg/ml DNase free RNase) and incubated in the dark 
at 37˚C for 30 min. The cells were analyzed on a FACSVatage 
SE flow cytometer (Becton-Dickison, San Jose, CA, USA). The 
results were analyzed using Cell QuestTM software and Modfit 
LT 3.0 program (Verity Software House, Topsham, ME, USA).

Annexin-V analysis. MIS treated cells were stained for annexin-V 
and propidium iodide (PI) using the Annexin-V-FITC Apoptosis 
Detection Kit I (BD Biosciences, San Diego, CA, USA) 
according to the manufacturer's protocol. Briefly, following drug 
treatment, 1x105 cells were pelleted and washed once with PBS 
and resuspended in 100 ml of binding buffer [10 mM HEPES 
(pH 7.4), 150 mM NaCl, 5 mM potassium chloride, 1 mM 
MgCl2, and 2 mM calcium chloride]. Subsequently, 5 µl of 
annexin V-FITC and PI was added to the cells that were then 
incubated for 15 min at room temperature in the dark. After 
incubation, 400 µl of binding buffer was added to the stained 
cells, and cells were analyzed using a FACSVatage SE Flow 
Cytometer (Becton-Dickison). Data analysis was conducted 
using Cell Quest™ software.

Expression scoring system and statistical analysis. The intensity 
of immunohistochemistry and in situ hybridization staining were 
assessed independently by 2 pathologists on a scale of increasing 
intensity, 0 (no staining), 1 (weak), 2 (moderate), and 3 (strong 
staining). Data were analyzed by using Wilcoxon rank sum test 
and Wilcoxon signed rank test. A P<0.05 was considered statisti-
cally significant.

Figure 1. RT-PCR of human MISRII mRNA from human cervix and cervical 
cancers. Bands of 361 bp are detected in normal cervix (A and B), squamous 
cell carcinoma of cervix (C), and adenocarcinoma of cervix (D). Lane E is the 
DNA ladder.

Figure 2. Light micrography of human uterine cervix. (A) The squamous epithelium moderately express MISRII in the cell membrane. In this and all subsequent 
panels, the right lower boxed area is of higher magnification (x400). Chromogen, AEC. Magnification x200. (B) In carcinoma in situ (CIS) of the cervix cells 
moderately express MISRII. (C) Microinvasive squamous cell carcinoma of the cervix moderately express MISRII in the cell membrane. (D) Squamous cell 
carcinoma, well differentiated of uterine cervix. moderately express MISRII in the cell membrane. (E) Moderately differentiated carcinoma of uterine cervix 
moderately expresses MISRII. (F) Poorly differentiated cells moderately express MISRII. (G) Human adenocarcinoma in situ (AIS) strongly express MISRII. 
(H) Microinvasive adenocarcinoma diffusely and strongly express MISRII. (I) Adenocarcinoma, well differentiated diffusely and strongly express MISRII. 
(J) Adenocarcinoma, moderately differentiated diffusely and strongly express MISRII (K) adenocarcinoma, poorly differentiated diffusely and strongly express 
MISRII. (L) Human liver specimen used as negative control. No immunoreactivity for MISRII is detected.
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Results

Expression of MISRII mRNA by RT-PCR. We analyzed MISR II 
mRNA expression in 2 normal cervical tissues, a squamous 
cell carcinoma of cervix, and an adenocarcinoma of cervix 
by RT-PCR and all tissues showed 361 bp band which was 
confirmed to be identical to a segment of human MISR II cDNA 
sequence (581-941) (Gene Bank, accession no. AF172932) 
(Fig. 1).

Expression of MISRII protein by immunohistochemistry. In all 
twelve normal human uterine cervical samples, the squamous 
epithelium moderately express MISR II protein in the cell 
membrane (2.33±0.19) (Fig. 2A). The cancer cells in cervical 
carcinoma in situ (6 cases) moderately express MISR II protein 
(2.17±0.31) (Fig. 2B). The cancer cells in microinvasive cervical 
squamous carcinoma (2 cases) moderately express MISR II 
protein (2.50±0.50) (Fig. 2C). In 11 cases of invasive cervical 
squamous carcinoma, the cancer cells diffusely and moderately 
express MISR II protein in the cell membrane with similar inten-
sity according to cancer differentiation (2.27±0.19) (Fig. 2D-F). 

In adenocarcinoma in situ (2 cases) and microinvasive adeno-
carcinoma (2 cases), the cancer cells strongly express MISR II 
protein (2.50±0.5 and 2.50±0.5, respectively) (Fig. 2G and H). 
In adenocarcinoma (7 cases), the cancer cells strongly express 
MISR II protein in the cell membrane with similar intensity 
according to cancer differentiations (2.43±0.20) (Fig. 2I-K). In 
human liver specimen, negative control for MISR II immuno-
stain, no immunoreactivity is detected (Fig. 2L).

Expression of MISRII mRNA by in situ hybridization. In all 
twelve normal human uterine cervical samples, the squamous 
epithelium moderately express MISR II mRNA in the cell 
membrane (2.25±0.18) (Fig. 3A). The cancer cells in cervical 
carcinoma in situ (6 cases) moderately express MISR II mRNA 
(2.50±0.22) (Fig. 3B). The cancer cells in microinvasive cervical 
squamous carcinoma (2 cases) moderately express MISR II 
mRNA (2.00±0.00) (Fig. 3C). In 11 cases of invasive cervical 
squamous carcinoma, the cancer cells diffusely and moderately 
express MISR II mRNA in the cell membrane with similar inten-
sity according to cancer differentiation (2.27±0.14) (Fig. 3D-F). 
In adenocarcinoma in situ (2 cases) and microinvasive adeno-

Figure 3. Light micrography from human uterine cervix (A) show strong expression for MISRII mRNA in the squamous epithelium. In this and all subsequent 
panels, the right lower figure is higher magnification of the boxed area (x400). Chromogen, 4-nitroblue tetrazolium chloride/5-bromo-4-chloro-3-indolyl-phosphate 
(NBT/BCIP). Magnification x200. (B) CIS of uterine cervix diffusely and strongly express MISRII mRNA. (C) Microinvasive squamous cell carcinoma moderately 
express MISRII mRNA. (D) Squamous cell carcinoma, well differentiated diffusely and moderately expresses MISRII mRNA. (E) Light micrography from human 
squamous cell carcinoma, moderately differentiated of uterine cervix. The cancer cells diffusely and strongly express MISRII mRNA. (F) Light micrography from 
human squamous cell carcinoma, poorly differentiated of uterine cervix. The cancer cells diffusely and strongly express MISRII mRNA. (G) Light micrography from 
human AIS of uterine cervix. The cancer cells diffusely and strongly express MISRII mRNA. (H) Light micrography from human microinvasive adenocarcinoma of 
uterine cervix. The cancer cells diffusely and strongly express MISRII mRNA. (I) Human adenocarcinoma well differentiated cells diffusely and moderately express 
MISRII mRNA. (J) Adenocarcinoma moderately differentiated diffusely and moderately express MISRII mRNA. (K) Adenocarcinoma, poorly differentiated cells 
diffusely and strongly express MISRII mRNA. (L) Human liver specimen used as negative control. No in situ signal for MISRII is shown.
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carcinoma (2 cases), the cancer cells strongly express MISR II 
mRNA (2.50±0.5 and 2.50±0.5, respectively) (Fig. 3G and H). 
In adenocarcinoma (7 cases), the cancer cells strongly express 
MISR II mRNA in the cell membrane with similar intensity 
according to cancer differentiation (2.28±0.18) (Fig. 3I-K). In 
human liver specimen, used as negative control, no in situ signal 
is shown (Fig. 3L).

Effect of MIS on the viability of cervical cancer cells. Cells 
were treated with 71 nM MIS at 24 h after plating. At 24 and 
48 h after rhMIS treatment, cells were incubated with MTT, 
and the absorbance was read at 550 nm (Fig. 4). At 24 and 
48 h after treatment of 71 nM MIS, the viability of the cervical 

cancer cells decreased significantly to 84.51±4.04% (P<0.01) 
and 71.63±5.13% (P<0.01), respectively. MTT assay showed 
negative correlation between the MIS exposure time and the 
viability of cervical cells (P=0.008).

Cell cycle distribution after exposure to MIS in cervical cancer 
cells. In order to find out the changes in cell cycle distribution 
after MIS exposure, cells were treated with 71 nM MIS for 
24 and 48 h and histograms of cellular DNA content were 
obtained by flow cytometry (Fig. 5). In control incubations 
the proportion of cellular DNA of G0G1, S, G2M and sub-G0G1 
phase was 46.43, 23.83, 26.49 and 3.25%, respectively. At 24 h 
after treatment with MIS, the proportions were 48.43, 19.09, 
22.14 and 10.34%, respectively.

The proportion of cellular DNA of G0G1, S, G2M and 
sub-G0G1 phase in controls for the 48 h MIS exposure experi-
ment were 47.08, 23.20, 25.21 and 4.51%, respectively. At 48 h 
after treatment with MIS, the proportions were 52.43, 14.95, 
19.55 and 13.07%. In short, the changes in cell cycle distribu-
tion after MIS exposure at 24 and 48 h demonstrated that S and 
G2M phases were shortened, G0G1 and sub-G0G1 phases were 
lengthened. Therefore, MIS plays an important role in inducing 
cellular apoptosis by causing arrest at G1 phase and increasing 
cells at sub-G0G1 phase.

Induction of apoptosis by MIS in cervical cancer cells. Cells 
were treated with 71 nM MIS for 24 or 48 h. For apoptosis, 
the externalization of phosphatidylserine was assessed by 
measuring annexin-V-FITC binding using propidium iodide 
as a counterstain (Fig. 6). The proportion of surviving cells/
early apoptotic cells/late apoptotic cells and necrotic cells on 
annexin-V-FITC staining were 92.13/1.78/1.04% in controls and 
changed to 78.85/10.44/6.32% after 24 h with treatment of MIS. 

Figure 4. Effect of MIS on the viability of the cervical cancer cells. Cells were 
treated with 71 nM MIS at 24 h after plating. At 24 and 48 h after treatment, 
cells were incubated with MTT, and the absorbance was read at 550 nm. 
Results are presented as percentage of control which was calculated using the 
equation: (mean absorbance of treated cells/mean absorbance of control cells) 
x 100. Data are expressed as mean ± standard deviation (SD) from 5 indepen-
dent experiments. *P<0.01 as compared to corresponding control cells.

Figure 5. Cell cycle distribution after exposure to MIS in cervical cancer cells. Cells were treated with 71 nM MIS for 24 and 48 h, respectively. They were trypsin-
ized and fixed in 100% methanol. After washing, cells were exposed to propidium iodide/RNase solution. Histograms of cellular DNA content were obtained by 
flow cytometry.
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The proportions were 90.11/2.47/3.53% in control and changed 
to 73.84/12.89/9.92% after 48 h, respectively. Annexin-V-FITC 
staining method showed that cellular apoptosis was 10.44 and 
12.89% after 24 and 48 h of MIS exposure in cervical carcinoma 
cells. There was a negative correlation between cellular survival 
and MIS exposure time.

Discussion

A considerable body of in vitro and in vivo animal evidence 
supports the conclusion that recombinant human MIS may 
affect cancer cell growth, particularly those originating from 
Müllerian tissue including endometrial, cervical, fallopian tubal, 
and ovarian, perhaps even cancer stem cells (13,14,22-37). Data 
presented in the current study confirm and extend the fact that 
human cervical cancers are also potential MIS targets. The 
usual treatment of malignant female reproductive tract tumors 
of surgery followed by chemotherapy or radiation therapy has 
resulted in serious systemic toxicities including induced infer-
tility. Additionally, relapse is common due to drug resistance. 
Because MIS mechanism is different from the traditional 
chemotherapy, MIS treatment combined with chemotherapy 
holds promise in controlling the tumor size more effectively, 
with lower dose of chemotherapy agent, leading to less systemic 
toxicity, decreasing the prevalence of the disease, and widening 
the optimal therapeutic dose range of the chemoagent (26). 
Moreover, as seen in granulosa cell tumor patients, high MIS 

concentration up to 1000-fold of normal adult female and over 
70-fold concentration in normal male infant are noted without 
adverse effect. Therefore, unlike chemotherapy or radiation 
therapy, high concentrations of MIS are expected to be non-
toxic, when MIS only or MIS combined with chemotherapy is 
administered (14,25).

It is noteworthy that our study shows, for the first time, the 
expression pattern of MISRII protein and mRNA in various 
cervical carcinomas. MISRII protein and mRNA expression 
and intensity were noted by immunohistochemistry and in situ 
hybridization for each tissue sample. We found complete 
concordance between protein and mRNA expression. Twelve 
normal human uterine cervical specimens were positive for 
the MIS receptor. We also observed that MISRII protein and 
mRNA were expressed by all cervical cancers (100%). There 
was little difference in the intensity of expression for MISRII 
protein and mRNA between normal cervix and cervical cancer. 
Intensity of expression for MISRII protein and mRNA is nearly 
the same when non-invasive and invasive cervical squamous cell 
carcinoma and adenocarcinoma are compared. In Figs. 2 and 
3, the cancer cell nests of squamous cell carcinoma diffusely 
and moderately express MISR II protein and mRNA in the 
cell membrane, but the cancer cells of adenocarcinoma express 
somewhat strong intensity. There is tendency for increased 
receptor protein levels in adenocarcinoma compared to squa-
mous cell carcinoma, but it does not reach statistical significance. 
There were slight differences in the intensity of expression for 

Figure 6. Induction of apoptosis by MIS in cervical cancer cells. Cells were treated with 71 nM MIS for 24 and 48 h, respectively. For apoptosis, the externalization 
of phosphatidylserine was assessed by measuring annexin-V-FITC binding using propidium iodide as a counterstain. Quadrant rectangular dot grams from a 
representative of 3 independent experiments are shown.
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MISR II protein and mRNA according to the differentiation of 
cervical cancer. Our data on cervical cancer is comparable with 
previously published studies on ovarian cancer, however, the 
results on the frequency of expression of MISRII in our study on 
cervical cancer are higher (100%) than those previously reported 
(69-89%) in ovarian cancer (22,33,34). This apparent high rate of 
receptor positivity in cervical cancers makes the idea plausible 
that using MIS as a treatment may be offered to the majority 
of the cases. We emphasize that all human cervical carcinoma 
tissues express MISRII and intensities of MISR II protein and 
mRNA expression show only slight differences according to cell 
type or differentiation of cervical cancer. Expression of MISR II 
protein and mRNA is shown in all of normal cervical tissues and 
cervical cancer tissues in this study, therefore MIS may also be 
an effective targeted therapy for cervical cancer.

Cervical cancer cell lines used in the investigation include 
CaSKi, SiHa cell lines, which are HPV 16-positive, HeLa, 
HeLa S-3, ME-180 cell lines, which are HPV 18-positive, C33A 
and HT3 cell lines, which are HPV-negative. C33A and HT3 
cell lines are Rb protein inactivated caused by exon mutation. 
Early studies on response assessment in cervical cancer to MIS 
showed suppressive effect on proliferation through MIS binding 
to cervical cancer HeLa S-3 cell surface (35). MIS treatment on 
HT-3 cell line represented 47% of suppressive effect on prolif-
eration through colony inhibition assay (36). MISRII (63 kDa) 
was expressed in all CaSki, SiHa, C33A cell lines, and MTT 
assay after MIS treatment showed that suppressive effect on 
proliferation was the greatest in C33A with 70-80% suppression, 
followed by 30-40% in CaSki, and least in SiHa cell line (26). In 
our previous study, MISRII was expressed in CaSki, SiHa, and 
C33A cell lines, and MTT assay after MIS treatment showed that 
suppressive effect on proliferation was 28-43, 15-24 and 7-11% in 
C33A, CaSki and SiHa cell line, respectively (28). Furthermore, 
when transfected C33A was treated with inactive MIS, there was 
no significant decrease in cell line colony, however, when treated 
with active MIS, C33A colony was markedly decreased (90-95% 
decrease) (26). Similarly, in treatment with TGF-β (5 µg/ml) 
on cervical cell line, HPV-negative HT-3 cells showed 70% 
suppression, HPV 18-positive HeLa showed 25-50% suppres-
sion in cell proliferation, whereas, little decrease was observed 
in HPV 16-positive CaSki, and SiHa cell lines. No suppression 
was seen in HPV-negative C33A and HPV 18-positive HeLa 
S-3, and ME-180 (37,38). Likewise, suppressive effects of MIS 
on ovarian cancer cell line also differ with HPV infection. The 
suppression effect of MIS is more significant in OVCAR8, 
ovarian epithelial cancer cell line which is not associated with 
HPV, compared to human ovarian cancer cell line HOSE 6-3, 
which is immortalized by HPV tumor proteins E5, and E7 (23). 
Overall, the anti-proliferative effect of MIS is more effective in 
HPV-negative cells whereas, it is limited in HPV-positive cells. 
Also the suppressive effect differs between various HPV types. 
Since HPV is established as a strong risk factor in cervical carci-
noma, and most of cervical cancer patients are associated with 
HPV infection, the presence of HPV infection has an important 
role in the treatment effect of MIS and its TGF-β superfamily. In 
our experiments, MIS-treated human carcinoma cells achieved 
in vivo showed negative correlation between the MIS exposure 
time and the viability of cervical cells which is consistent with 
other experiments. When HPV 16, 18, 31, 33, 52, 58-positive 
cervical cancer cells were treated with 71 nM MIS for 24 

and 48 h, anti-proliferative effect was seen in 15.5 and 28.4%, 
respectively. This finding corresponds with results (suppression 
up to 30-40%) in HPV 16-positive CaSki cell line by Babie et al 
(26), and those (suppressed up to 15-24%) of our previous study 
(28). Furthermore, the infected rate and distribution of HPV 
type in this study were similar with meta-analysis in Korea 
women (39). HPV goes through various stages to change Rb 
family related mechanisms, which decrease MIS effect on HPV 
infected cervical cancer (26,28,40). Thus, MIS will have a more 
potent anti-proliferative effect in cervical cancer cells which are 
non-HPV infected or low risk HPV-related.

According to our experiment in cell cycle distribution data 
after exposure to MIS in cervical cancer cell, S and G2M phases 
were shortened and G0G1 and sub G0G1 phases were lengthened. 
Therefore, MIS plays an important role in G0G1 inducing cellular 
apoptosis by causing arrest at G1 phase and increasing cells at 
sub-G0G1 phase. This finding corresponds with results of our 
previous study. In C33A cells, the sub-G0G1 and G0G1 phases 
were increased 6 and 3% at 24 h and 10 and 8% at 48 h compared 
to controls, respectively. In CaSki cells, the sub-G0G1 and G0G1 
phase was increased 3 and 5% at 24 h and 6 and 8% at 48 h 
compared to controls, respectively, but SiHa cells demonstrated 
minimal response in our previous study (28). Furthermore, 
annexin-V-FITC staining methods of MIS exposure in cervical 
carcinoma cells showed negative correlation between cellular 
survival and MIS exposure time.

In conclusion, MISRII is present in both normal cervix and 
cervical carcinoma tissues, and MIS shows receptor-mediated 
anti-proliferative effect on cervical cells in vitro. Thus, these 
data suggest that MIS may be used as a biological modifier or 
therapeutic modulator in MISRII-expressed tumors.
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