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En dog e nous es tro gen ex po sure is an im por tant de -

ter mi nant of endometrial can cer risk. The CYP 17 and

CYP 19 genes en code 17ahy drox y lase/17,20-lyase and

aromatase, re spec tively, both in volved in sex hor mone

syn the sis. The genes CYP17 and CYP19 are poly mor phic 

and gene vari abil ity could con trib ute to the level of pro -

tein biosynthesis. In the pres ent work the dis tri bu tion of

ge no types and fre quency of al leles of the C/T poly mor -

phism in pro moter re gion of CYP17 and G/A poly mor -

phism at po si tion Val80 in CYP19 in sub jects with

endometrial can cer were in ves ti gated. Par af fin em bed -

ded tu mor tis sues were ob tained from 100 women with

endometrial can cer. DNA from nor mal endometrial tis -

sue (n=106) served as con trol. The polymorphisms were

de ter mined by PCR-RFLP. The dis tri bu tion of the ge -

no types of the C/T poly mor phism of CYP17 and G/A

poly mor phism of CYP19 in both con trol and patients did 

not dif fer sig nif i cantly (p>0.05) from those pre dicted by

the Hardy-Wein berg distribution. There were no sig nif i -

cant dif fer ences (p>0.05) in ge no type distributions and

al lele fre quen cies be tween sub groups as signed to

histological stage. The re sults sug gest that the C/T poly -

mor phism of CYP17 gene as well as G/A poly mor phism

of CYP19 may not be linked with ap pear ance and de vel -

op ment of endometrial can cer.

In tro duc tion

The eti ol ogy of the endometrial car ci noma is not fully

un der stood. The risk for endometrial can cer in creases with

late meno pause, es tro gen re place ment ther apy and obe sity,

and de creases with par ity and oral con tra cep tive use; thus

risk in creases in pro por tion to the du ra tion of ex po sure to

estrogens un op posed by progestins, prob a bly be cause un op -

posed estrogens stim u late endometrial cell di vi sion [8]. Es -

tro gen re place ment ther apy (ERT), in which es tro gen is

given to postmenopausal women with out progestins, was

shown to in crease endometrial can cer risk; progestins were

in creas ingly added to ERT to re duce this risk.

The en zymes in volved in the biosynthesis and me tab o -

lism of estrogens (CYP17, CYP19, CYP2D6, COMT, or

CYP1A1) have been main tar gets in at tempts to iden tify ge -

netic polymorphisms con trib ut ing to endometrial can cer

risk [6, 7]. 

Cytochrome P450c17a (CYP17) gene en codes an en -

zyme with both 17ahy drox y lase and 17,20-lyase ac tiv i -

ties, the rate-lim it ing step in an dro gen biosynthesis [2].

17ahy drox y lase is re spon si ble for hydroxylating pregne -

lone and pro ges ter one, which are then con verted to C19

ste roid pre cur sors of tes tos ter one and es tro gen by

17,20-lyase ac tiv ity. A sin gle-bp poly mor phism in the 5’

un trans lated re gion of CYP17 (27 bp down stream from the 

tran scrip tion start site) has been used to iden tify two al -

leles, T (for merly des ig nated as A1) and C (for merly des -

ig nated as A2). Of rel e vance to endometrial can cer risk, at

least two stud ies have found that the C al lele is as so ci ated

with el e vated lev els of cir cu lat ing estrogens in pre- and

postmenopausal women [10, 11]. 

The CYP19 gene, lo cated on chro mo some 15 en codes

the en zyme P450 aromatase pro tein, which cat a lyzes three

con sec u tive hydroxylation re ac tion con vert ing C19 an dro -

gens to ar o matic C18 es tro genic ste roids. Aromatase is ex -

pressed in var i ous tis sues, in clud ing ad i pose, breast, and

bone, where its ac tiv ity in flu ences lo cal tis sue con cen tra -

tions of estrogens in a paracrine or intracrine fash ion [7, 26]. 
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In creased ex pres sion of CYP19 in endometrial can cer, but

not in nor mal endometria, sug gests a role in pro mo tion of

neo plas tic pro lif er a tion [6]. Changes in aromatase biosyn -

thesis are usu ally pre ceded by changes in its gene tran scrip -

tion and mRNA level. Gene vari abil ity could con trib ute to

the level of the aromatase biosynthesis. It was shown that

a silent poly mor phism (G/A at Val80) in exon 3 could be as -

so ci ated with pro gres sion of breast can cer [25] but lit tle is

known on pos si ble role of the G/A poly mor phism in

endometrial can cer. 

In the pres ent work the dis tri bu tion of ge no types and

fre quency of al leles of the CYP17 and CYP19 polymor -

phisms de scribed above in sub jects with endometrial can cer

was in ves ti gated.

Ma te rial and Meth ods

Endometrial can cer sam ples 

One hun dred pa tients with histologically-proven di ag -

no sis of endometrial can cer were in cluded in the study

(mean age ± SD 63.75 ± 4.72 years). Tu mor tis sues were ob -

tained from postmenopausal women with endometrial

adenocarcinoma treated at Department of Sur gi cal Gy ne col -

ogy at the In sti tute of Pol ish Mother’s Me mo rial Hos pi tal in

£ódŸ be tween 1998 and 2004. All tu mors were staged ac -

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

ne col ogy and Ob stet rics (FIGO). There were 20 tumors of I

stage, 45 of II stage and 35 of III stage in to tal. DNA from

nor mal endometrial tis sue (n=106) served as con trol.

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 mor sec tions on slides were deparaffinized in xylene

and rehydrated in eth a nol and dis tilled wa ter. DNA was ex -

tracted us ing com mer cially avail able OIAmp Kit (Qiagen

GmbH, Hilden, Ger many) DNA pu ri fi ca tion kit ac cord ing

to manufacturer’s in struc tion. 

De ter mi na tion of CYP17 and CYP19 ge no type

A 459-bp frag ment of genomic DNA con tain ing the T

to C sub sti tu tion at –34 bp in the CYP17 gene was am pli -

fied by PCR [29]. Primer se quences were as fol lows: for -

ward, 5’-CATTCGCACTCTGGAGTC-3’; and re verse,

5’-AGGCTCTTGGGGTACTTG-3’. The T to C poly mor -

phism cre ates a rec og ni tion site for the re stric tion en zyme

MspA1. Af ter am pli fi ca tion, all sam ples were di gested

over night with 5 U MspA1. In sub jects with the C al lele,

two smaller frag ments of 335 and 124 bp were ob tained

(Fig. 1). 

For de ter mi na tion of the G/A poly mor phism at po si tion

Val80 in CYP19, a 188-bp PCR prod uct was gen er ated. The

PCR was car ried out in a 25-ml re ac tion mix ture con tain ing

200 ng genomic DNA, 2.0 mM mag ne sium chlo ride,

250 mM dNTPs, 0.5 mM of each primer, and 0.5 U Taq

DNA polymerase. Primer se quences were as fol lows: for -

ward, 5’-AGTAACACAGAACAGTTGCA-3’; re verse,

5’-TCCAGACTCGCATGAATTCTCCGTA-3’. A mis -

match (G in stead of A) was in tro duced in the re verse primer

to cre ate a re stric tion site for the en zyme Rsa1. The pres ence

of the G vari ant in CYP19 re sulted in di ges tion of the 188-bp

amplicon to two smaller frag ments of 164 and 24 bp. PCR

prod ucts were electrophoresed in a 5% polyacrylamide gel

(PAGE) and visualized by ethidium bro mide stain ing. Only

one 188-bp frag ment was seen in sub jects with the AA ge -

no type. In sub jects with the GA ge no type, two bands of 188

and 164 bp were seen, whereas in those sub jects ho mo zy -
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Fig. 1. CYP 17 ge no types af ter MspA1 di ges tion. Lane 1 – mo lec u lar

weight marker (100-bp lad der); lanes 2 – heterozygote TC; lanes 3, 4 and 6

– homozygote TT; lanes 5 and 7 – homozygote CC. 

Fig. 2. CYP 19 ge no types af ter Rsa1 di ges tion. Lane 1 – homozygote GG;

lane 2 – homozygote AA; lane 3 – mo lec u lar weight marker; lanes 4–6 –

heterozygote GA.



gous for the G vari ant (GG), only one 164-bp PCR frag ment

was seen (Fig. 2). All PCR was car ried out in a DNA Ther -

mal Cycler (GeneAmp PCR Sys tem 2400; Perkin-Elmer,

Norwalk, CT, U.S.A.). Af ter an ini tial de na tur ation at 95°C

for 5 min, 35 cy cles of am pli fi ca tion with de na tur ation at

95oC for 30 sec, an neal ing at 56oC for 30 sec, and ex ten sion

at 72oC for 30 sec were per formed, fol lowed by a fi nal ex ten -

sion step of 7 min at 72oC. The PCR prod uct was di gested

over night with 5 U Rsa1. In sam ples where the ge no type was 

am big u ous, the PCR re ac tion was re peated, and the ge no -

type ver i fied again. Con trol sam ples with known ge no types

were also run to check on the reproducibility of the di ges tion 

step. 

Sta tis ti cal anal y sis

The allelic fre quen cies were es ti mated by gene count ing 

and ge no types were scored. The ob served num bers of each

CYP17 and CYP19 ge no type were com pared with that

expected for a pop u la tion in Hardy-Wein berg equi lib rium

by us ing a c2 test. The sig nif i cance of the dif fer ences of ob -

served al leles and ge no types be tween groups was tested us -

ing the c2 anal y sis. p val ues <0.05 were con sid ered to be

sig nif i cant.

Re sults 

From the PCR anal y sis, all the pa tients and con trols

were di vided into three ge no types of the CYP17 gene pro -

moter re gion: T/T, T/C and C/C. Ta ble 1 shows ge no type

dis tri bu tion be tween endometrial adenocarcinoma pa tients

and con trols. Both dis tri bu tions did not dif fer sig nif i cantly

(p>0.05) from those pre dicted by the Hardy-Wein berg

equi lib rium. Ad di tion ally, there were no dif fer ences in the

fre quen cies of the T and C al leles between patients and

controls. 

Dis tri bu tions of the A/A, G/A and G/G ge no types of

CYP19 gene as well as the fre quen cies of the G and A al leles 
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TABLE 1
Dis tri bu tion of T/T, T/C and C/C ge no types and fre quen cies of the T and C alleles of CYP17 poly mor phism in pa tients with
endometrial can cer (n=100) and con trols (n=106)

Endometrial cancer patients Controls 

Number Frequency Number Frequency

T/T 31 0.31 21 0.20

T/C 40 0.40 48 0.45

C/C 29 0.29 37 0.35

c2 3.987a 0.591a

T al lele 102 0.51b 90 0.42

C al lele 98 0.49b 122 0.58

ap>0.05 as com pared with Hardy-Wein berg dis tri bu tion; bp>0.05 as com pared with the con trols

TABLE 2
Dis tri bu tion of G/G, G/A and A/A ge no types and fre quen cies of the G and A alleles of CYP19 in pa tients with endometrial can -
cer (n=100) and con trols (n=106)

Endometrial cancer patients Controls

Number Frequency Number Frequency

G/G 28 0.28 24 0.23

G/A 42 0.42 44 0.42

A/A 30 0.30 38 0.36

c2 3.877a 0.572a

G al lele 98 0.49b 92 0.43

A al lele 102 0.51b 120 0.57

ap>0.05 as com pared with Hardy-Wein berg dis tri bu tion; bp>0.05 as com pared with the con trols



for endometrial can cer sub jects and con trols are dis played

in Ta ble 2. It can be seen from the Ta ble that there were no

sig nif i cant dif fer ences be tween these two groups in both ge -

no type dis tri bu tion and al lele fre quen cies (p>0.05).

De pend en cies of the dis tri bu tion of ge no types and fre -

quen cies of al leles of both in ves ti gated poly mor phism on

the tu mor stage eval u ated ac cord ing to FIGO cri te ria of pa -

tients with endometrial can cer are dis played in Ta ble 3.

There were no sig nif i cant dif fer ences be tween dis tri bu tions

of ge no types in subgroups as signed to histological stage and 

the dis tri bu tion pre dicted by Hardy-Wein berg equilib rium

(p>0.05). There were no dif fer ences in fre quen cies of the all 

al leles be tween sub groups ei ther (p>0.05). 

Dis cus sion

Sex hor mones play a ma jor role in the eti ol ogy of sev -

eral of the com mon est can cers, in clud ing can cers of the

endometrium, breast and ovary in women and can cer of the

pros tate in men [17]. Estrogens biosynthesis is cat a lyzed by

a microsomal mem ber of the cytochrome P450 superfamily

(CYP), namely aromatase; these are im por tant for the pro -

duc tion, bioavailability, and deg ra da tion of estrogens [15].

Sev eral ge netic poly mor phism that may in flu ence es -

tro gen con cen tra tions have been iden ti fied in genes in -

volved in es tro gen biosynthesis and es tro gen me tab o lism

[24]. Poly mor phism in these genes has been as so ci ated with

in creased hor mone de pend ent can cer risk in some pop u la -

tions, but not oth ers [18, 20]. The goal of this study was to

in ves ti gate the as so ci a tion be tween CYP17 and CYP19

poly mor phism and endometrial cancer progression.

The lo ca tion of C/T poly mor phism at the pro moter of

the CYP17 gene in di cated their pos si ble role in the reg u la -

tion of its ex pres sion at transcriptional level. The C al lele

cre ates an ad di tional Sp1-type (CCACC box) pro moter site,

and al though it was ini tially sug gested to in crease ex pres -

sion of the gene [11], a sub se quent study did not ob serve

bind ing to the hu man tran scrip tion fac tor Sp-1 [23]. There is 

con flict ing ev i dence in di cat ing that the CYP17 –34T®C

poly mor phism might in flu ence en dog e nous ste roid hor -

mone lev els [9, 12, 22], and the CC ge no type has also been

re ported to be as so ci ated with the rel a tive abun dance of the

2OHE and 16a OHE forms of es tro gen [16]. A re cent study

also found the poly mor phism as so ci ated with higher lev els

of DHEAS in premenopausal women and higher levels of

estradiol in postmenopausal women [14].

A few stud ies have found ev i dence for an as so ci a tion

be tween this poly mor phism and risk of breast can cer [4, 21,

27]. These pos i tive as so ci a tions were ob served for spe cific

sub groups of cases de fined by tu mor ag gres sive ness, age at

on set, or fam ily his tory of breast can cer. Two re cent

meta-anal y ses [28] showed no over all as so ci a tion of breast

can cer with the C (A2) vari ant, when com par ing al lele fre -
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TABLE 3
De pend ency of ge no types and fre quen cies of the alleles of CYP17 and CYP19 gene poly mor phism on the tu mor stage
in pa tients with endometrial can cera

Stageb
I (n = 20) II (n = 45) III (n = 35)

Number Frequency Number Frequency Number Frequency

T/T 5 0.25 10 0.22 9 0.26

T/C 10 0.50 20 0.44 16 0.46

C/C 5 0.25 15 0.34 10 0.28

c2 0.360c 0.222c 0.886c

T al lele 20 0.50 40 0.44 34 0.48

C al lele 20 0.50 50 0.56 36 0.52

Number Frequency Number Frequency Number Frequency

G/G 4 0.20 8 0.18 9 0.26

G/A 11 0.55 23 0.51 19 0.54

A/A 5 0.25 14 0.31 7 0.20

c2 0.357c 0.872c 0.222c

G al lele 19 0.47 39 0.43 37 0.53

A al lele 21 0.53 51 0.57 33 0.47

an=100; bac cord ing to FIGO cri te ria; cp>0.05 as com pared with Hardy-Wein berg distribution



quen cies, or ge no types de fined by these al leles un der

a dominant or re ces sive model. Re sults were con sis tently

the null in different ethnic groups [28].

Stud ies of CYP19 have fo cused on the vari able num ber

tan dem re peats (TTTA)n in intron 4 of CYP19 [3]. The

(TTTA)n re peat poly mor phism in intron 4 of CYP19 may be

to fa vor ap pear ance of endometrium can cer through out

a woman’s life [6]. The C to T sub sti tu tion in exon 7 of

CYP19 re sults in a sin gle amino acid sub sti tu tion from Arg

by Cys at codon 264. Bio-avail able es tro gen was lower in

car ri ers than in non-car ri ers of the Arg264Cys poly mor -

phism [13]. A si lent poly mor phism (G/A at Val80) in exon 3

has been pre vi ously de scribed and has been as so ci ated with

breast cancer risk [25]. 

Be cause much knowl edge has been gained in re cent

years on the prog nos tic val ues of the cytochrome P450

superfamily in can cer pro gres sion, it is im por tant to known

whether poly mor phic vari ants of the gene en cod ing this pro -

tein can be con sid ered as mark ers of ap pear ance and/or pro -

gres sion of endometrial cancer. 

In pres ent work con ducted on 100 endometrial adeno -

carcinoma pa tients we did not find any cor re la tion be tween

oc cur rence of can cers and CYP17 and CYP19 gene poly -

mor phism. There were no sig nif i cant differences in al leles

fre quen cies be tween women with endometrial can cer and

con trols. The dis tri bu tion of the ge no types in the pa tient and 

in con trols did not dif fer from the dis tri bu tion that would be

ex pected from the Hardy-Wein berg equi lib rium. More over, 

we did not de tect any sig nif i cant dif fer ence be tween ge no -

types in sub groups as signed to histological stages, what

sug gests a lack of as so ci a tion be tween poly mor phism and

can cers invasiveness. 

Our study im plies that it is pos si ble that the poly mor -

phism of the CYP17 and CYP19 gene may not be di rectly as -

so ci ated with ap pear ance and de vel op ment of endometrial

can cer but fur ther research, con ducted on larger pop u la tion,

are needed to clar ify this point.
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