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Mu ta tions in the MMAC/PTEN (phosphatase and

tensin homologue de leted on chro mo some 10) gene are

doc u mented in can cers of the breast, pros tate, ovary, co -

lon, mel a noma, glioblastoma, lym phoma and endome -

trium. 

In the pres ent work MMAC/PTEN gene ex pres sion

in women with endometrial adenocarcinoma (n=70) in

RNA sam ples ob tained from can cer tis sue were in ves ti -

gated. Con trol DNA was ob tained from 68 nor mal

endometrial tis sue. The MMAC/PTEN ex pres sion was

de ter mined by RT-PCR anal y sis.

The ex pres sion of MMAC/PTEN gene in endo metrial

adenocarcinoma cases was sig nif i cantly re duced compa -

red to the ex pres sion in the nor mal sam ples (P<0.05). Fur -

ther more the sig nif i cant dif fer ence (P<0.05) was ob served

be tween the ex pres sion of MMAC/PTEN in stage III ver -

sus lower stages of endometrial can cer.

The re sults sup port the hy poth e sis that the

MMAC/PTEN gene ex pres sion may be as so ci ated with

the in ci dence of endometrial cancer.

In tro duc tion

Endometrial can cer (EC) is the most com mon gy nae co -

logi cal ma lig nancy in the de vel oped world. The ma jor ity of

cases can be di vided into two broad cat e go ries based on

clinico-patho log i cal and mo lec u lar char ac ter is tics; type I

oes tro gen-de pend ent with endometrioid mor phol ogy and

type II non-oes tro gen-de pend ent with se rous pap il lary or

clear cell mor phol ogy [14]. Risk fac tors for endometrial

can cers in clude the fol low ing: to tal num ber of men strual cy -

cles, his tory of in fer til ity, obe sity (be ing very over weight),

tamoxifen, es tro gen re place ment ther apy (ERT), a diet high

in an i mal fat, di a be tes, fam ily his tory and prior pel vic ra di a -

tion ther apy [1]. Prog nos tic fac tors com monly used to iden -

ti fi ca tion of EC pres ent an in com plete pic ture of the tu mour

bi ol ogy of endometrial can cer [15]. There fore, in ves ti ga tion 

of other prog nos tic fac tors is of spe cial clin i cal rel e vance,

par tic u larly in view of the un ex pect edly pro gres sive course

of the dis ease and fre quent re lapses in some cases. 

MMAC/PTEN, a tu mor sup pres sor gene lo cated on

chro mosome 10q, has re cently been shown to act as

a phos phatidylinositol 3, 4, 5-triphosphate phosphatase

and to mo du la te cell growth and apoptosis. So matic mu ta -

tions of MMAC/PTEN have been re ported in a num ber of

hu man can cers. So matic mu ta tion or de le tion of the PTEN 

tu mor sup pres sor gene has been re ported in ap prox i mately 

40% and 40%–76%, re spec tively, of endometrial adeno -

carci nomas [6, 12, 13, 16]. In par tic u lar, the re gions

10q23 (where PTEN is lo cated) and 10q25–q26 have been 

strongly cor re lated to endometrial tumorigenesis [4, 11].

Disea se-causing mu ta tion of the MMAC/PTEN have been 

found in 10–38% of endometrial can cers [13]. That the in -

ac ti va tion of the MMAC/PTEN gene is an early event in

endo metrial carcino genesis is also sup ported by data from

two in de pend ent stud ies show ing a 22% fre quency of

MMAC/PTEN mu ta tions in premalignant le sions of

endometrial hy per pla sia both with and with out atypia

[7, 10]. 

As men tioned above the MMAC/PTEN tu mor sup pres -

sor gene is fre quently mu tated and homozygously de leted in 

endometrial can cer, but there is only sparse in for ma tion

about MMAC/PTEN ex pres sion in hor mone-de pend ent fe -

male tu mors. Kappes et al, show sig nif i cantly de creased

MMAC/PTEN ex pres sion in endometrial car ci no mas com -

pared with nor mal endometrial tis sue sam ples, es pe cially in

the endometrioid histological sub type [3]. 

For fur ther un der stand ing of the in volve ment of

MMAC/PTEN in endometrial carcinogenesis, we ana lysed

the ex pres sions of MMAC/PTEN in pa tients with endo -

metrial adenocarcinomas.
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Ma te ri als and Meth ods

Endometrial can cer sam ples

Tu mour tis sues were ob tained from postmenopausal

women with endometrial adenocarcinoma treated at De -

partment of Ob stet rics and Gy nae col ogy at the In sti tute of

Pol ish Mother’s Me mo rial Hos pi tal in Lodz be tween

2000–2004. Clin i cal data for the pa tients and histological

data were reg is tered. There were 70 women and their mean

age was 63 years (range: 58–71 years). The can cer tis sue

sam ples were fixed rou tinely in for ma lin and em bed ded in

paraffin. Ar chi val par af fin-em bed ded tu mour sec tions on

slides were deparaffinized in xylene and rehydrated in eth a -

nol and dis tilled wa ter. All tu mours were staged ac cord ing

to the cri te ria of the In ter na tional Fed er a tion of Gy nae col -

ogy and Ob stet rics (FIGO). There were 15 tumours of

I stage, 43 of II stage and 12 of III stage in to tal. DNA from

nor mal endometrial tis sue (n=68) served as con trol. 

RNA iso la tion and RT-PCR as say of MMAC/PTEN 

ex pres sion

mRNAs were ex tracted from tis sue us ing com mer cially 

avail able TRIzolRRe agents (InvitrogenTM, San Diego, CA)

ac cord ing to man u fac turer’s in struc tion and con verted to

cDNA with the use of ran dom prim ers and re verse tran scrip -

tase (InvitrogenTM, San Diego, CA). The rel a tive qual ity and 

quan tity of mRNA/cDNA were as sessed by the ex am in ing

the ex pres sion of enolase, and then the rel a tive ex pres sion

of MMAC/PTEN was de picted as a ra tio of MMAC/PTEN to

enolase. PCR primer pairs for MMAC/PTEN were de signed

to am plify a re gion from 117 to 741 bp (F1- 5’ CAGAAA -

GAC TTGAAGGCGTAT 3’ and B1- 5’ AACGGCTGA -

GG GAACTC 3’), which also con tained a NsiI re stric tion

site in the MMAC/PTEN pseudo-gene, but not in the 10q

gene. The prim ers de signed to am plify α-enolase com prised 

a re gion from 77 to 532 bp of the cod ing re gion of the gene

(EF1- 5’ TGGCAGGATGACTTCAGA 3’ and EB1- 5’

AGT GGCTAGAAGTTCACC 3’). The PCR was car ried

out in a DNA Ther mal Cycler (GeneAmp PCR Sys tem

2400; Perkin-Elmer, Norwalk, CT, U.S.A.). The ther mal cy -

cling con di tions were 45 s at 94°C, 45 s at 54°C, 1 min at

72°C, re peated for 40 step cy cles. 25 µl of PCR re ac tion

con tained 100 ng cDNA, 1 µl of each ap pro pri ate primer

(ARK Sci en tific GmbH Biosystems, Darmstad, Ger many),

1.5 mM MgCl2, 0.2 mM dNTPs (Qiagen GmbH, Hilden,

Ger many) and 1 unit of Taq Poly mer ase (Qiagen GmbH,

Hilden, Ger many). PCR prod ucts were treated with NsiI and 

then electrophoresed in a 2% agarose gel and visu al ised by

ethidium bro mide stain ing (Fig ure 1).

Sta tis ti cal anal y sis

None of the pa ram e ters re corded in tu mour ma te rial

passed tests for be ing nor mally dis trib uted (Smirnow-Kolmo -

gorov test) and there fore nonparametric sta tis ti cal tests were

used for ana lys ing the re sults. P-val ues < 0.05 were con sid -

ered to be sig nif i cant.

Re sults 

The ex pres sion sta tus of MMAC/PTEN gene was de ter -

mined in 70 endometrial adenocarcinoma sam ples and in

con trol (n=68) by RT-PCR and com pared with the ex pres -

sion of enolase, a con sti tu tively but low ex pressed gene

product. 

MMAC/PTEN ex pres sion was iden ti fied in 46% of

car ci noma sam ples (32/70) and in 62% of con trol sam ples

(42/68). The ex pres sion of MMAC/PTEN in can cer sam -

ples was sig nif i cantly re duced com pared to the ex pres sion 

in the nor mal tis sues (P<0.05). De pend en cies of the pres -
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Fig. 1. Il lus tra tion of rel a tive MMAC/PTEN  RT-PCR ex pres sion.

Endometrial can cer cases and con trol were sub jected to 40 cy cles of PCR

am pli fi ca tion in the pres ence of primer pairs for MMAC/PTEN and

enolase. PCR prod ucts were sep a rated in a 2% agarose gel and stained with

ethidium bro mide. Lanes 1 – mo lec u lar weight marker

(SIGMA-ALDRICH, St Louis, USA), 2–5 – nor mal sam ples, lanes 6–9 –

endometrial can cer sam ples.

TABLE 1 
MMAC/PTEN gene ex pres sion in endometrial can cer
women and in control sam ples

Expression of MMAC/PTEN

yes no

Control (n = 68) 42 (0.62) 26 (0.38)

Patients

Total (n = 70) 32 (0.46)a 38 (0.54)

stage Ib (n = 15) 12 (0.80) 3 (0.20)

stage II (n = 43) 18 (0.40) 25 (0.60)

stage III (n = 12) 2 (0.17) 10 (0.83)

   aP<0.05 as com pared with con trols, bac cord ing to FIGO cri te ria



ence of MMAC/PTEN ex pres sion on the tu mour stage of

pa tients with endometrial adenocarcinoma are dis played

in Ta ble 1. MMAC/PTEN ex pres sion in stage III was sig -

nif i cantly re duced com pared with that ob served in lower

grade car ci noma.

Dis cus sion

Endometrial tumorigenesis is still poorly un der stood. The 

de vel op ment of endometrial can cer is as so ci ated with an ac -

cu mu la tion of spe cific ge netic al ter ations. The ac ti va tion of

onco genes, the loss or in ac ti va tion of repressor genes and im -

paired mis match-re pair func tion are known to be in volved in

the de vel op ment of tu mours. MMAC/PTEN mu tated in mul ti -

ple ad vanced tu mors en codes a 54 kDa pro tein which acts as a

dual spec i fic ity phosphatase and is ca pa ble of dephospho -

rylating both phospho-Ser/Thr and phospho-Tyr pro teins.

MMAC/PTEN was ini tially char ac ter ized as a tu mor sup pres -

sor gene in Cowden syn drome (CS) and has since been found

to be de fec tive in many other hu man can cers in clud ing those

from brain, breast, kid ney, pros tate and endometrium [8, 9].

In ac ti va tion of the two al leles of MMAC/PTEN is re quired,

be cause it is a tu mor sup pres sor gene. 

MMAC/PTEN is the most fre quently mu tated gene

iden ti fied yet in endometrial can cers. MMAC/PTEN mu ta -

tions were de tected in 33%–55% of the endometrial can cers

[5, 6, 13, 16, 18, 19] Fur ther more, MMAC/PTEN mu ta tions

oc cur in early well-dif fer en ti ated le sions (stage I/grade 1) as 

well as in very ad vanced and in va sive tu mors (stage

IV/grade 3), sug gest ing their in volve ment in the ini ti a tion of 

endometrial tumorigenesis. 

In light of sub stan tial ev i dence that the pro gres sion of

endometrial can cer can be as so ci ated with MMAC/PTEN, it

seems rea son able to check a pos si ble cor re la tion be tween

the ex pres sion of this gene and clin i cal sta tus of endometrial 

can cer pa tients. In this work con ducted on 70 endometrial

adenocarcinoma pa tients we ob served that the ex pres sion of 

MMAC/PTEN was sig nif i cantly sup pressed in endometrial

adenocarcinoma when com pared with nor mal tis sues. Sim i -

lar to the re sults de scribed herein, de creased ex pres sion of

MMAC/PTEN was re ported pre vi ously in a se ries of pros -

tate can cer [21], anaplastic thy roid can cer [2], and breast

can cer [3]. The lack ob served MMAC/PTEN ex pres sion

may be ac counted by sev eral dif fer ent mech a nisms. One

pos si bil ity is al tered methylation of the transcriptional reg u -

la tory re gion of the gene [12, 21]. This is known to oc cur for 

sev eral tu mor sup pres sor genes, al though di rect ev i dence

for this has been lack ing for MMAC/PTEN. An other pos si -

bil ity is that the MMAC/PTEN gene may be tar geted for ho -

mo zy gous de le tion. In sup port of this pos si bil ity Teng et al

shown that the fre quency of ho mo zy gous de le tion in can cer

cell lines is sig nif i cantly higher than in tu mor spec i mens,

sug gest ing that ho mo zy gous de le tions may be under reco -

gnized in some tu mor spec i mens [20]. A third pos si bil ity

arises from a study of Li et al, who de scribed the iden ti fi ca -

tion of MMAC/PTEN based on its sim i lar ity to dual spec i fic -

ity phosphatases [8]. In their study, they also ob served that

MMAC/PTEN ex pres sion was reg u lated in part by trans -

form ing growth fac tor β. Be cause TGFβ and its al tered sig -

nal ing path way has been implicated in a number of human

cancers, the possible relationship between these two

interesting pathways needs to be further examined.

Re cent stud ies have sug gested those ge netic al ter ations, 

in clud ing p53, p21, p16 mu ta tions, am pli fi ca tions of onco -

genes K-ras and HER2/neu, and microsatellite in sta bil ity,

can be de tected in endometrial can cer [15]. Our find ings

pro vide ad di tional ev i dence that ge netic al ter ations, in clud -

ing MMAC/PTEN ex pres sion, may oc cur as rel a tively early

events in the de vel op ment of endometrial cancer. 

Our study im plies that it is pos si ble that the ex pres sion

of the MMAC/PTEN gene may be in volved in the de vel op -

ment and/or pro gres sion of endometrial adenocarcinoma.

Fur ther stud ies, con ducted on a larger pop u la tion, are re -

quired to clar ify this point. 
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