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AABBSSTTRRAACCTT  This pre sen ta ti on disp lays the new and  ap pro ach to an en doc ri no lo gi cal tre at ment stra tegy, which sho uld be
1. in di vi du al, 2. cus tom at trac ted and 3. se cu re. However, to day we are ab le to ans wer fo ur ma in qu es ti ons:

CCaarr  ddii  oo  vvaass  ccuu  llaarr  ddii  ssee  aa  sseess: Who  will get the most pro fit by using hor mo ne rep la ce ment the rapy?
TThhrroomm  bboo  ssiiss : Which pa ti ent  will be  rec ko ned to the risk of  clot ting  and CV- comp li ca ti ons .
HHiigghh  ppllaass  mmaa--  llee  vveellss  ooff  eess  ttrraa  ddii  ooll: How can we avo id sup raph ysi o lo gi cal hor mo ne plas ma le vels, which ha ve be en re cog -

ni zed to a high risk for bre ast can cer?
NNee  uu  rroo  lloo  ggii  ccaall  aaggee  rree  llaa  tteedd  ddii  ssee  aa  sseess  aass  AAllzz  hhee  ii  mmeerr,,  PPaarr  kkiinn  ssoonn

In cre a sed bur de ning of the or ga nism by sup raph ysi o lo gi cal do ses of 17-ß Es tra di ol in cre a ses the pro li fe ra ti on pres su re of
the mam mary glands, in cre a ses the ra di o lo gi cal den sity of the mam mog ram and at le ast in cre a ses the li fe ti me risk of bre -
ast can cer.
The re fo re it se ems ne ces sary to ma in ta in low Es tro gen le vels at the syste mic le vel or by the pa rak ri ne way. 
The bre ast can cer risk de pends on the cu mu la ti ve risk of li fe ti me es tro gen ex po si ti on.
17-β Es tra di ol ef fects di rectly on the ge no me, bo und by es tro gen re cep tor comp lex. This has im pact on the ef fects of sup-
raph ysi o lo gi cal in cre a sed Es tra di ol le vels and the cell me ta bo lism, cell di vi si on and trans crip ti on of the DNA.
Sin ce we know, that the dif fe ren ce bet we en in di vi du als  is ba sed on ge ne tic mu ta ti ons and poly morp hism, the  HRT ma -
na ging physi ci an sho uld use 
1. per so nal his tory da tes (we ight ga in in preg nancy, en do met ri o sis, bre ast cysts, ova ri an cysts),
2. cli ni cal pro fi le, hor mo ne plas ma tests (high Es tro ne, Es tra di ol le vels)
3. ima ges pro du cing met hods li ke  bo ne den sity  scan (high bo ne den sity, mam mog ram (high tis su e den sity) and ul tra so -
und (cysts,
4. high en do met ri um )and the
5. ppoollyy  mmoorrpp  hhiissmm  ddii  aagg  nnooss  ttiiccss  to get an over vi ew over the es tro gen his tory and the fu tu re’s risk of HRT of the pa ti ent. 

KKeeyy  WWoorrddss::  Hormone replacement therapy, estrogen, polymorphisms

ÖÖZZEETT  Bu bildiri, 1. kişiye uyarlanmış, 2. alım kolaylığı ve 3. güvenilir olması gereken yeni bir endokrinolojik tedavi
stratejisi yaklaşımı sunmaktadır. Ancak günümüzde ancak şu 4 ana soruya cevap verebiliyoruz:

KKaarrddiiyyoovvaasskküülleerr  hhaassttaallııkk::  Hormon replasman tedavisinden en fazla faydayı görecek olanlar kimlerdir?

TTrroommbboozz::  Hangi hastaların kardiyovasküler hastalık komplikasyonları ve pıhtılaşma riski ile karşı karşıya oldukları
hesaplanmalıdır.

ÖÖssttrrooddiioollüünn  yyüükksseekk  ppllaazzmmaa  ddüüzzeeyylleerrii::  Göğüs kanseri için yüksek risk oluşturan suprafizyolojik hormon plazma
düzeylerinden nasıl sakınılacaktır?

AAllzzhheeiimmeerr,,  PPaarrkkiinnssoonn  ggiibbii  yyaaşşllaa  iillggiillii  nnöörroolloojjiikk  hhaassttaallııkkllaarr..

17-β östrodiolün suprafizyolojik dozları nedeniyle kişide sürekli artan yükleme yapmanın meme bezlerinde proliferasyonu
artırıp basınç oluşturduğu üstelik, mamografide radyolojik yoğunluk artışına ve meme kanseri riski artışına yol açtığı
bilinmektedir. Bu nedenle, östrojen düzeylerini sistemik seviyede ya da parakrin yolla salınmasını sürdürmek en iyi yöntem
olacaktır.
Göğüs kanseri riski, hayat boyu östrojen maruziyetinin kümülatif riskine bağlıdır.
17-β östrodiol, östrojen reseptör kompleksi tarafından bağlanarak doğrudan genomu etkiler. Bu, suprafizyolojik yüksek
östrodiol düzeylerinin etkilerinin yanısıra hücre metabolizması, hücre bölünmesi ve DNA transkripsiyonu üzerinde
etkilere sahiptir.
Genetik mutasyonlara ve polimorfizme bağlı olarak, bireyler arasındaki farklılıkları öğreninceye kadar, HRT tedavisi veren
hekim şunları yapmalıdır:
1. kişisel öykü tarihçesi (gebelikte alınan kilolar, endometriozis, meme kistleri, over kistleri),
2. klinik profil, hormon plazma testleri (yüksek östron, östrodiol düzeyleri),
3. kemik tarama testi, mamografi ve ultrason gibi görüntülü yöntemler,
4. kistler ve yüksek yoğunluktaki dokular, kemik ve endometrium,
5. hastanın HRT’nin olası riskleri ve östrojen öyküsü konusunda genel değerlendirme.

AAnnaahhttaarr  KKeelliimmeelleerr:: Hormon replasman tedavi, östrojen, polimorfizmler

TTuurr  kkii  yyee  KKllii  nniikk  llee  rrii  JJ  MMeedd  SSccii  22000088;;2288((SSuuppppll))::SS6622--SS7788

OTURUM 2   
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his pre sen ta ti on disp lays the new and  ap pro ach
to an en doc ri no lo gi cal tre at ment stra tegy, which
sho uld be  1. in di vi du al, 2. cus tom at trac ted and

3. se cu re. The gre at ad van ces in me di ci ne in the last ye -
ars can  re a li ze this ide a  for the ne ar fu tu re. Wo men ask
mo re and mo re af ter a cus tom at trac ted and in di vi du a li -
zed HRT. We can ob ser ve a chan ge of pa ra digm in  ne -
arly all me di cal sub ject are as. The stan dard of an
in di vi du a li zed the rapy for our pa ti ents re qu i res mo re
and mo re com pre hen si ve epi de mi o lo gi cal in ves ti ga ti ons,
me ta analy ses and ge ne ti cally analy sis, which is es pe ci -
ally  sup por ted by the de tec ti on of the hu man ge no me.

To day we are ab le to ans wer fo ur ma in qu es ti ons:

CCaarr  ddii  oo  vvaass  ccuu  llaarr  ddii  ssee  aa  sseess: Who  will get the most
pro fit by using hor mo ne rep la ce ment the rapy?

TThhrroomm  bboo  ssiiss : Which pa ti ent  will be  rec ko ned to
the risk of  clot ting  and CV- comp li ca ti ons .

HHiigghh  ppllaass  mmaa--  llee  vveellss  ooff  eess  ttrraa  ddii  ooll: How can we avo -
id sup raph ysi o lo gi cal hor mo ne plas ma le vels, which ha -
ve be en re cog ni zed to a high risk for bre ast can cer?

NNee  uu  rroo  lloo  ggii  ccaall  aaggee  rree  llaa  tteedd  ddii  ssee  aa  sseess  aass  AAllzz  hhee  ii  mmeerr,,
PPaarr  kkiinn  ssoonn

The very in te res ting  over vi ew  by  M. Cle mons,and
P. Goss pub lis hed in 2001 in the New Eng land Jo ur nal of
Me di ci ne1 and the ir pre sen ted stu di es subs tan ti a te the
as sump ti on that the con ti nu ed in cre a sed bur de ning of
the or ga nism by sup raph ysi o lo gi cal do ses of 17-ß Es tra -
di ol in cre a ses the pro li fe ra ti on pres su re of the mam mary
glands, in cre a ses the ra di o lo gi cal den sity of the mam mo-
g ram and at le ast in cre a ses the li fe ti me risk of bre ast can-
cer.

The re fo re it se ems ne ces sary to ma in ta in low Es-
tro gen le vels at the syste mic le vel or by the pa rak ri ne
way. This ef forts  to  ma in ta in the es tro gen con cen tra ti -
ons in the sex – ste ro id de pen dent tis su es as low as pos-
sib le is a de mand on the evi den ce ba sed me di ci ne.

The bre ast can cer risk de pends on the cu mu la ti ve
risk of li fe ti me es tro gen ex po si ti on.2-4

The de mand af ter es tro gen rep la ce ment ba ses on
the ex pe ri en ce, that es tro gens ha ve a po si ti ve inf lu en ce
on a lot of age – re la ted he alth – risk  de ve lop ments, es-
pe ci ally  on the sup port of  bo ne me ta bo lism, and the
im pro ve ment of the li pid pro fi le, which can af fect the
CV – risk.

17 – ß Es tra di ol ef fects di rectly on the ge no me, bo -
und by es tro gen re cep tor comp lex. This has im pact on

the ef fects of sup raph ysi o lo gi cal in cre a sed Es tra di ol le v-
els and the cell me ta bo lism, cell di vi si on and trans crip -
ti on of the DNA. The re fo re  sho uld the prac ti sed HRT of
ad mi nis te ring  fe ma le sex ste ro ids wit ho ut know led ge of
the of the pro duc ti on and bre ak down of Es tro gens and
ot her sex ste ro ids hor mo nes, es pe ci ally the ge ne ti cally
de pen dent inf lu en ce of the ste ro id me ta bo lism be long
to the past.

Sin ce we know, that the dif fe ren ce bet we en in di -
vi du als  is ba sed on ge ne tic mu ta ti ons and poly morp -
hism, the  HRT ma na ging physi ci an sho uld use 

1. per so nal his tory da tes (we ight ga in in preg nancy,
en do met ri o sis, bre ast cysts, ova ri an cysts),

2. cli ni cal pro fi le, hor mo ne plas ma tests (high Es-
tro ne, Es tra di ol le vels)

3. ima ges pro du cing met hods li ke  bo ne den sity
scan (high bo ne den sity, mam mog ram (high tis su e den-
sity) and ul tra so und (cysts),

4. high en do met ri um) and the

5. ppoollyy  mmoorrpp  hhiissmm  ddii  aagg  nnooss  ttiiccss

to get an over vi ew over the es tro gen his tory and the fu-
tu re’s risk of HRT of the pa ti ent. 

This new pos si bi li ti es of the mo le cu lar ge ne tic di-
ag nos tics, es pe ci ally the ge ne chip tech ni qu es al low us to
we igh up the risk of HRT. 

So we can es ti ma te the pro fit of a HRT for men  wo -
men to re du ce the CV- risk. As we know, we ight re duc -
ti on, exer ci ses and  no smo king im pro ve the  CV- risk.
We al so know, that the pos si bi lity of CV- di se a ses in cre -
a ses dra ma ti cally af ter me no pa u se, with a 10 ye ars la-
tency com pa red with men, whi le the fer ti le pha se of
wo men ap pa rently disp lays a pro tec ti on aga inst tho se di -
se a ses.

To know thre e very im por tant poly morp hisms is a
ne ces sary con di ti on be fo re star ting HRT:

TESTOSTERONE THERAPY, BENEFITS
AND RISKS-PROSTATE CANCER-RISK

Hor mo nes as all me di ca ments and en vi ron men tal to xins
are con ver ted and eli mi na ted by enz ymes. The ge ne ti -
cally co de of them can gi ve us an in for ma ti on abo ut the
enz ymi a ti cal ac ti vity, which can ca us ac cu mu la ti on or
fast eli mi na ti on.To un der satnd  yo ur re sults yo u sho uld
know, that each ge ne con sits of two al le les, one from
mot her, one from fat her.  De pen ding if the mu ta ti on is
fo und in both al le les (ho mocy goty) or only in one of
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them (he te rocy goty) is im por tant for the phe noty pi cally
ex pres si on and at le ast for yo ur per so nal risk.

Kno wing poly morp hisms of the ge nes of ste ro id
me ta bo li sing enz ymes gi ves us pos si bi li ti es to es ti ma te
the risk of not fa mi li ar-de pen dent bre ast and pros ta te
can cer.

The com bi na ti on of per so nal his tory, Mam mog ram
(high den sity), ul tra so und (ova ri an cysts, high bu ild up
En do met ri um) and bo ne den sity (in cre a sed bo ne den-
sity le ads to the sus pi ci on of ele va ted li fe long es tra di ol
le vels.

TESTOSTERONE

The physi o lo gic as pects of aging are pre sen ted in the
myth of Tit ho nus, the lo ver of Au ro ra, god dess of dawn.
Au ro ra lo ved Tit ho nus so much that she as ked her fat -
her, Ze us, to grant him eter nal li fe. Un for tu na tely she
for got to re qu est eter nal yo uth for her lo ver, who be gan
to ex pe ri en ce the fa i lu re of his li bi do at ap pro xi ma tely
age 50 ye ars and at age 60 to 70 ye ars was so mew hat im-
po tent. By the age of 80 ye ars, Tit ho nus had lost much of
his musc le strength, and by the ti me he tur ned 90, he
wal ked aro und sto o ped, be ca u se his bo ne was di sap pe a -
ring and he had so me kypho sis.

By the ti me he re ac hed 100 ye ars, he had de ve lo ped
so me age-re la ted cog ni ti ve dysfunc ti on, which was
shown in the myth by the fact that he babb led in ces -
santly. 

Many of the chan ges ci ted in this myth are as so ci -
a ted with dec li ning tes tos te ro ne pro duc ti on. They inc -
lu de age-re la ted dis tur ban ces in me mory, musc le mass,
and strength. Cle arly, loss of li bi do and im po ten ce are
tes tos te ro ne ef fects, and os te o pe ni a may be anot her.
The re is evi den ce to sug gest that dis tur ban ces in ba lan -
ce and dec li nes in ma xi mal oxy gen up ta ke ca pa city
(VO2max) al so re la te to dec li nes in tes tos te ro ne le vels,
alt ho ugh the se ef fects ha ve be en un ders tu di ed. Chan ges
in fo od in ta ke may al so be ef fects of tes tos te ro ne loss.
Ma le se xu al func ti on dec li nes with age. It bis now cle ar
that the dec re a se in T le vels as a func ti on of age has both
a tes ti cu lar and hypot ha la mo-pi tu i tary ori gin, but Ley-
dig cell func ti on dec re a ses not al ways to get her with in-
cre a se of pi tu i tary hor mo ne LH. Ho we ver, in el derly
men, the LH le vels are fre qu ently not in cre a sed or only
mo destly in cre a sed, a con se qu en ce of the al te ra ti on of
ne u ro en doc ri ne con tro le of go na dal func ti on. Mo re o ver
the cir ca di an rhytmi city of LH and T sec re ti on is blun -
ted in el derly men and the amp li tu de of LH pul ses dec -

re a se. The ef fects of an dro gens in men and wo men are
very si mi lar and dif fe rent. ( in te rest in se xu a lity, se bum
pro duc ti on, ha ir growth and lost, Epo- pro duc ti on, im-
pro ve ment of li pid pro fi le in men, but not in wo men.
Be ing a so ur ce for Es tra di ol sti mu la ting bo ne cells, ef-
fec ting musc le and fat mass.. Con trol ling  CYP 19 P450
ge ne (Aro ma ta se) has a gre at im pact of the pre ven ti on
of sup raph ysi o lo gi cal Es tra di ol le vels.. 

Whe re as it has long be en de ba ted whet her plas ma
tes tos te ro ne (T) con cen tra ti on dec re a ses with age in he -
althy men, the oc cur ren ce of an age- as so ci a ted dec re a -
se in bi o ac ti ve tes tos te ro ne con cen tra ti on is no lon ger
dis pu ted. Nor mal plas ma T le vels ran ge vary bet we en 11
and 40 nMol/L and re ach the ir ma xi mum at 25 to 30 ye -
ars.. Tes tos te ro ne cir cu la tes in plas ma bo und for abo ut
50% to Sex Hor mo ne Bin ding Glo bu lin (SHBG), a ß-glo -
bu lin with high af fi nity but li mi ted bin ding ca pa city for
T and is bo und for abo ut 50% to Al bu min ( low af fi nity,
high bin ding ca pa city). In yo ung he althy ma les, the plas -
ma FT con cen tra ti on va ri es bet we en 0,2 and 0,7 nMol/L.
Du e to the high bin ding af fi nity of SHBG, only the fre e
and part of the al bu min bo und T is bi o ava i lab le. The sig-
ni fi can ce of SHBG bo und tes tos te ro ne is po orly un ders -
to od. It has be en shown, that so me tis su es (pros ta tic
cells) carry SHBG re cep tors, the ac ti va ti on which le ads
to sti mu la ti on of cyclic AMP.

To day sci en tists are lo o king for hor mo nal subs tan -
ces that will re ju ve na te hu man be ings and al low them
to li ve lon ger. Can this be do ne with tes tos te ro ne? Pro -
bably not, but the full ran ge of its po ten ti al may be un -
der ap pre ci a ted. Twenty ye ars of cli ni cal ex pe ri en ce and
cur rent re se arch fin dings pro vi de a con vin cing ar gu ment
that tes tos te ro ne rep la ce ment has a ro le to play in im-
pro ving the qu a lity of li fe in ol der men.
Tes tos te ro ne de fi ci ency in men is ma ni fes ted typi cally
by symptoms of hypo go na dism, inc lu ding dec re a ses in
erec ti le func ti on and li bi do. 25% of men over 65 ha ve
sub nor mal T le vels. Tes tos te ro ne al so has an im por tant
ro le in the re gu la ti on of nor mal growth, bo ne me ta bo -
lism and body com po si ti on. Spe ci fi cally, tes tos te ro ne de-
fi ci ency is an im por tant risk fac tor for os te o po ro sis and
frac tu res in men. In men ol der than 65 ye ars of age, the
in ci den ce of hip frac tu re is 4-5/1000 and ap pro xi ma tely
30% of all hip frac tu res oc cur in men. Men with tes tos -
te ro ne de fi ci ency ha ve sig ni fi cant dec re a ses in bo ne den-
sity, par ti cu larly in the tra be cu lar bo ne com part ment.
Tes tos te ro ne de fi ci ency has be en re por ted in over half
of el derly men with a his tory of hip frac tu re. Men with
tes tos te ro ne de fi ci ency al so ha ve al te ra ti ons in body
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com po si ti on that inc lu des an in cre a se in body fat. Using
qu an ti ta ti ve CT scans to as sess fat dis tri bu ti on, we ha ve
shown that tes tos te ro ne de fi ci ency is as so ci a ted with an
al te ra ti on in si te-spe ci fic adi po se de po si ti on with in cre -
a sed de po sits in all are as par ti cu larly in the sub cu ta ne o -
us and musc le are as. Be ca u se trun cal fat cor re la tes with
glu co se in to le ran ce and car di o vas cu lar risk, hypo go na -
dism may ha ve im por tant imp li ca ti ons with re gard to
ove rall he alth and mor ta lity. In one study, the al te ra ti -
on in ske le tal musc le com po si ti on was as so ci a ted with a
dec re a se in musc le strength. The re fo re, tes tos te ro ne de-
fi ci ency is as so ci a ted with an en han ced risk for os te o po -
ro sis, al te red body com po si ti on inc lu ding in cre a ses in
trun cal fat, and, pos sibly, dec re a ses in musc le per for -
man ce.

Ad mi nis tra ti on of ade qu a te tes tos te ro ne rep la ce -
ment the rapy le ads to im pro ve ments in li bi do and erec-
ti le func ti on. Fol lo wing tes tos te ro ne rep la ce ment, men
no te an in cre a se in energy and mo od, which may ref lect
eit her di rect be ha vi o ral ef fects of an dro gens, and/or, an
ele va ti on of he ma toc rit du e to ri sing tes tos te ro ne le vels.
Tes tos te ro ne the rapy al so le ads to im por tant be ne fi ci al
ef fects on the ske le ton and le an tis su e mass. Tes tos te ro -
ne rep la ce ment in cre a ses bo ne den sity in hypo go na dal
men with the most dra ma tic ef fects se en in the tra be cu -
lar bo ne com part ment. The se ef fects may be se en as
early as 6 months fol lo wing ini ti a ti on of tes tos te ro ne
the rapy. In one re cent study of the long term be ne fits of
tes tos te ro ne the rapy, the gre a test be ne fits in tra be cu lar
bo ne we re se en in the first se ve ral ye ars of the rapy. With
re gard to body com po si ti on, tes tos te ro ne rep la ce ment
the rapy re sults in a dra ma tic re duc ti on in adi po se con-
tent, with the gre a test ef fects se en in the sub cu ta ne o us
and ske le tal musc le are as. An dro gen the rapy le ads to a
sig ni fi cant in cre a se in le an ske le tal musc le mass and
strength. The re fo re, the re are be ne fi ci al ef fects of tes -
tos te ro ne rep la ce ment on body com po si ti on and bo ne
mi ne ral den sity in adult hypo go na dal men that may ser -
ve as in di ca ti ons for the rapy in ad di ti on to li bi do and se -
xu al func ti on.

CARDIOVASCULAR RISK

Whi le en vi ron men tal fac tors such as di et, physi cal ac ti -
vity, and al co hol in ta ke play an im por tant ro le in de ter -
mi ning trigl yce ri de le vels, re sults from fa mily stu di es
ha ve all sug ges ted a strong ge ne tic com po nent to trigl yc-
e ri de le vels. Alt ho ugh fa mily mem bers tend to sha re a
si mi lar en vi ron ment, stu di es on twins re a red to get her
ha ve shown that trigl yce ri de le vels are highly inf lu en ced

by ge ne tic va ri a bi lity. Ho we ver, con si de rab le in ter-in di -
vi du al va ri a ti on is ob ser ved in the res pon se of LDL and
ot her li pop ro te ins to di e tary chan ge. The hypot he sis that
ge ne tic dif fe ren ces con tri bu te to this va ri a bi lity has led
to se ve ral stu di es in which as so ci a ti ons of di e tary li pop -
ro te in res pon ses ha ve be en so ught with poly morp hisms
in ge nes af fec ting li pop ro te in me ta bo lism.5

The re is in cre a sing awa re ness of the po ten ti al for
ge ne tic va ri a ti on among in di vi du als to inf lu en ce nut ri -
ent re qu i re ments and bi o lo gi cal res pon ses to nut ri ent in-
ta ke. In the ca se of ge nes inf lu en cing LDL subc lass
pat terns, ge ne-di et in te rac ti ons con tri bu te to wi de in -
ter-in di vi du al dif fe ren ces in the ef fects of low fat, high
car bohy dra te di ets on risk for co ro nary he art di se a se.
The deg re e of the in ter-in di vi du al dif fe ren ces may be
mag ni fi ed in cer ta in ge ne tic sub-po pu la ti ons. So me of
the se sub-po pu la ti ons will li kely be eth nic mi no ri ti es.
The re cog ni ti on of such dif fe ren ces in me ta bo lic res -
pon se is promp ting gre a ter ap pre ci a ti on of the con cept of
in tel li gent nut ri ti on ba sed upon know led ge of nut ri ti o -
nal sta tus, nut ri ti o nal re qu i re ments, and ge noty pe

PROSTATE CANCER-RISK AND
SEE BELOW: COMMUNE RISKS MEN 
AND WOMEN

Hor mo nes as all me di ca ments and en vi ron men tal to xins
are con ver ted and eli mi na ted by enz ymes. The ge ne ti -
cally co de of them can gi ve us an in for ma ti on abo ut the
enz yma tic ac ti vity, which can ca u se ac cu mu la ti on or fast
eli mi na ti on. To un ders tand  yo ur re sults yo u sho uld
know, that each ge ne con sists of two al le les, one from
mot her, one from fat her.  De pen ding if the mu ta ti on is
fo und in both al le les (ho mocy goty) or only in one of
them (he te rocy goty) is im por tant for the phe noty pi cally
ex pres si on and at le ast for yo ur per so nal risk.

Kno wing poly morp hisms of the ge nes of ste ro id
me ta bo li sing enz ymes gi ves us pos si bi li ti es to es ti ma te
the risk of not fa mi li ar – de pen dent bre ast can cer.

The com bi na ti on of per so nal his tory, Mam mog ram
(high den sity), ul tra so und (ova ri an cysts, high bu ild up
En do met ri um) and bo ne den sity (in cre a sed bo ne den sity
le ads to the sus pi ci on of ele va ted li fe long es tra di ol le vels.

The de mand for es tro gen  and tes tos te ro ne rep la ce -
ment ba ses on the ex pe ri en ce, that es tro gens, as well as
an dro gens  ha ve a po si ti ve inf lu en ce on a lot of age – re-
la ted he alth – risk  de ve lop ments, es pe ci ally  on the sup-
port of  bo ne me ta bo lism, and the  im pro ve ment of the
li pid pro fi le, Di a be tes pro fi le and  ha ve an ti inf lam ma tory
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and an ti o xi da ti ve ef fects, which can  po si ti vely af fect the
CV – risk, the bra in- aging, the jo ints and li ga ments.

The bre ast can cer risk de pends on the cu mu la ti ve
risk of li fe ti me es tro gen ex po si ti on.2-4

CYTOCHROME P450
17 ALPHA HYDROXYLASE (CYP17)

CYP 17 de co des a key enz yme of the stre ro id me ta bo -
lism, the 17 alp ha Hydroxy la se.. This enz ymes act con-
ver ting Preg ne no lon and DHE A to An dros te ne di o ne..
Poly morp hism in this ge ne ca u ses in cre a sed an dro gen
le vels in the tis su e and in so far an in cre a sed risk for
pros ta te and bre ast can cer.

The CYP 17 T-34-C mu ta ti on in the pro mo tor re gi -
on of this ge ne, cor re la tes with in cre a sed an dro gen le v-
els, and di mi nis hed ne ed for an dro gens in men´s HRT.

Men with this mu ta ti on  are re com men ded to con-
trol the ir  do se of  DHE A, and  to ke ep the ir tes tos te ro -
ne do se  rat her  low, per haps ta king it  on al ter na ting
days. They sho uld un der go re gu larly PSA me a su re -
ments,pros ta te  so nog raphy and uro lo gi cal exam on a re -
gu lary ti me in ter val.

Men with this mu ta ti on disp lax hig her risk of pros -
ta te can cer and  sho uld ke ep the ir te sos te ro ne do se in
HRT low. They sho uld un der go re gu lary uro lo gi cal
exam of the pros ta te and me a su re the ir PSA.

STEROID METABOLISM AND
PROSTATE CANCER

Cytoc hro me P450 17 A1 (CYP17) me di a tes an dro -
gen bi osyn the sis vi a the con ver si on of preg ne no lo ne to
dehy dro e pi an dros te ro ne (DHE A) or vi a the con ver si on
of pro ges te ro ne to an dros te ne di o ne (Figure 1). A sing le
ba se-pa ir chan ge in the 5’-un trans la ted re gi on (5’-UTR;
T>C. Pos.-34) of the CYP17 ge ne has be en as so ci a ted
with in cre a sed ge ne ex pres si on re sul ting in slightly al te -
red hor mo ne le vels. The CYP17 poly morp hism has be -
en as so ci a ted with an in cre a sed risk of pros ta te can cer,
but its dis tinct ro le has be en dis cus sed con tro ver si ally in
li te ra tu re un til now.A ho mozy go us ge noty pe of the va -
ri ant al le le (C/C) is pre sent in ~17% of the po pu la ti on.
This ge noty pe may al ter cir cu la ting hor mo ne le vels to a
mo de ra te ex tent. A re cent me ta-analy sis6 sug gests that
the CYP17 poly morp hism is un li kely to in cre a se the risk
of spo ra dic pros ta te can cer, es pe ci ally wit hin sub jects of
Eu ro pe an des cent. Wit hin Af ri can C/C car ri ers, a mo d-

e ra tely in cre a sed risk of pros ta te can cer (OR=1.56) has
be en re por ted, alt ho ugh da te we re li mi ted. Furt her mo -
re, the re is so me evi den ce, that the CYP17 poly morp -
hism is as so ci a ted with an in cre a sed risk of pros ta te
en lar ge ment.7 Be ca u se of the pos sib le ro le of the CYP17
C/C poly morp hism in in cre a sed DHE A pro duc ti on, a
long-term and/or high do se DHE A supp le men ta ti on sho -
uld be re gar ded cri ti cally

For men we re com mend :

Vi ta min E 400 IU

Se len 100 mcg

Lyco pe ne 30 mg

Vit D3 50 IU

In dol 3 car bi nol

Soy

Wo men disp lay hig her an dro gen le vels, if they
dont ha ve an aro mat se  poly morp hisms. In the ca se of
aro mat se snp (CYP 19) DHE A will be con ver ted very
fast to an dros ten di o ne and to es tro ne. This  dec re a ses the
ne ed for es tro gens in post me no pa u sal wo men, but in ce -
ra ses the bre ast can cer risk. A pro tec ti on of bre ast can-
cer are high an dro gen le vels. Wo men with a CYP 17
mu ta ti on and  a  jo int SRD 5 Alp ha mu ta ti on con vert an-
dros te ne di on very fast to Dihy dro Tes tos te ro ne (DHT),
This wo uld be a pro tec ti on, es pe ci ally if the An dro gen
re cep tor has a high an dro gen sen si ti vity, fol lo wing the
CAG AR-poly morp hism ( lost of CAG re pe ats).8

P450 CYTOC HRO ME 19 GE NE, ARO MA TA SE

Of gre at im por tan ce is the know led ge of the ac ti vity of
the aro ma ta se, which is co ded by the CYP 19 ge ne..High
ac ti vity of this enz yme le ads to a fas ter con ver si on ra te
from tes tos te ro ne to es tra di ol and from an dros te ne di o ne
to es tro ne, which at le ast in cre a se the es tro gen tis su e-
and plas ma le vels.We know se ve ral poly morp hisms of

FIGURE 1: Con ver si on pro ba bi li ti es of ste ro ids.

DHEAS

Androstendion

Aromatase

Testosteron                    Östron

5Alpha Aromatase
reductase

DHYDROTESTOSTERON ÖSTRADİOL

Cytoc hro me P450 17 A1 CYP17 T>C Pos. -34
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this ge ne, which all are of gre at prac ti cal im por tan ce.
The C 1558 T Mu ta ti on do ub les the risk of  bre ast can-
cer in wo men (OR 2.0,95%KI 1,3 – 3,1), anot her CYP 19
Mu ta ti on dec re a ses sig ni fi cantly the risk to get bre ast
can cer over li fe ti me.(OR o,39, 95% KI- 0,17- 0,89) In
men, this  snp ca u ses hig her E2 le vels and the risk of be-
nign pros ta te hyperp la sic growth, gyna e co masty and
hig her throm bo sis risks, but im pro ve the os te o po ro sis
risk. As  Al co hol is  a po tent sti mu la tor of the aro ma ta -
se, it sho uld be avo i ded in both gen ders.

SRD 5A2 GEN POLY MORP HİSM OF THE 5 ALP HA STE RO İD 
RE DUC TA SE

The Enz yme 5 Alp ha re duc ta se type II ca taly ses the for-
ma ti on of Dihy dro tes tos te ron from Tes tos te ron.. This
enz yme con sist of 2 va ri ants (Arg49Thr and Val89Le u),
which dis tin gu ish in the ir ac ti vity. On a ge ne ti cal le vel
the Arg 49Thr va ri ab le enz ymes co des for in cre a sed ac-
ti vity.. Men disp lay a hig her risk for pros ta tic can cer,
wo men  dec re sa e the ir risk for bre ast can cer be ca u se the
amo unt of newly for ma ted es tar di ol from te sos te ro ne by
aro ma ta se is di mi nis hed, and furt her mo re the  Tes tos te -
ro ne, DHT -AR comp lex  in hi bits DNA rep li ca ti on and
trans crip ti on.  The con trary is the Val89Le u mu ta ti on
which dec re a ses SRD5A2 ac ti vity and is con si de red to
be pro tec ti ve for the pros ta te.

Ste ro id 5-alp ha-re duc ta se exists in the 2 iso forms
SRD5A1 and SRD5A2, and ca taly ses the con ver si on of
tes tos te ro ne in to its bi o lo gi cally ac ti ve form, dihy dro tes -
tos te ro ne (DHT). Two poly morp hisms wit hin the ste ro -
id 5-alp ha-re duc ta se type 2 (SRD5A2) ge ne, Ala>Thr
Co don 49 and Val>Le u Co don 89 af fect the ac ti vity of the
SRD5A2 enz yme: the Ala>Thr Co don 49 poly morp hism
in cre a ses the ac ti vity of SRD5A2, whe re as the Val>Le u
Co don 89 poly morp hism dec re a ses the ac ti vity of
SRD5A2. SRD5A2 is the pre do mi nant isozy me de tec tab -
le in the pros ta te, inc lu ding be nign pros ta tic hyperp la si a
and pros ta te ade no car ci no ma tis su es. Both poly morp -
hisms ha ve be en as so ci a ted with a pre dis po si ti on to pros -
ta te can cer. In con trast to the iso enz yme SRD5A1,
SRD5A2 is re la ti vely sen si ti ve to the enz yme in hi bi tor fi-
nas te ri de.A ho mozy go us ge noty pe for the va ri ant al le le
(Thr/Thr) is pre sent in ~0.3 % of the po pu la ti on and be -
en as so ci a ted with in cre a sed enz yme ac ti vity and in cre a -
sed pro duc ti on of DHT. A re cent me ta-analy sis ru led out
a >50% in cre a sed risk of pros ta te can cer wit hin Thr-car -

ri ers.9 A small study sho wed, that Thr-car ri ers had lar ger
pros ta tes and hig her PSA le vels,10 but this ef fect sho uld
be re gar ded cri ti cally and de ser ves furt her stu di es.

The SRD5A2 enz yme is a tar get of  phar ma co lo gi -
cal tre at ment of be nign pros ta tic hyperp la si a or pros ta -
te can cer using spe ci fic in hi bi tors such as fi nas te ri de, but
it sho uld be noX ted that a de fi ni te cor re la ti on bet we en
the res pon se of an SRD5A2 in hi bi tor the rapy and the
SRD5A2 Ala>Thr poly morp hism has not be en stu di ed
un til now.

The Val>Le u Co don 89 poly morp hism dec re a ses
the ac ti vity of SRD5A2 and has be en as so ci a ted with de-
c re a sed le vels of dihy dro tes tos te ro ne (DHT). A ho mozy-
go us ge noty pe for the va ri ant al le le (Le u/Le u) is pre sent
in ~10% of the po pu la ti on and is as so ci a ted with a dec -
re a sed enz yme ac ti vity le a ding to lo wer le vels of DHT.
The ho mozy go us Le u-ge noty pe has be en shown to exert
a pro tec ti ve ef fect with res pect to pros ta te can cer. It has
be en sug ges ted that car ri ers of the Le u/Le u ge noty pe are
on ave ra ge at a 20% dec re a sed risk of pros ta te can cer
com pa red to car ri ers of the Val/Val ge noty pe.11

The an dro gen re cep tor (AR), al ter na ti vely known
as the dihy dro tes tos te ro ne re cep tor (DHTR), is in vol ved
in the trans crip ti o nal re gu la ti on of hor mo ne-res pon si ve
ge nes. The length of a 3-ba se pa ir re pe at (CAG) wit hin
the AR ge ne is as so ci a ted with the trans crip ti o nal ac ti -
vity of AR. Shor ter CAG re pe at lengths (<22) are as so ci -
a ted with hig her trans crip ti o nal ac ti vity of AR and
furt her mo re with an in cre a sed ex pres si on of AR mRNA
and pro te in (Figure 2). Be ca u se pros ta te car ci no ge ne sis is
de pen dent on an dro gens, men with shor ter re pe at
lengths may be at hig her risk for pros ta te can cer.  

A long, >or= 22 (CAG)(n) re pe at si ze  ha ve be en as-
so ci a ted with a re du ced risk of pros ta te can cer [2% dec -
re a se in risk of pros ta te can cer for each ad di ti o nal (CAG)
trip let, (12)].A short, < 22 (CAG)(n) re pe at is at hig her
risk for pros ta te can cer. A re cent me ta-analy sis12 cal cu -
la ted a 2% in cre a se in risk of pros ta te can cer for each fe -
wer CAG trip let (OR=1.02). Ot her wi se, men with short
CAG re pe ats ha ve the hig hest sperm out put wit hin the
nor mal fer ti le po pu la ti on and the risk of de fec ti ve sper-
ma to ge ne sis is hal ved com pa red to pa ti ents with very
long (>28) CAG re pe ats.13

SSttee  rroo  iidd  55--aallpp  hhaa--rree  dduucc  ttaa  ssee
ttyyppee  IIII

SSRRDD55AA22 AAllaa>>TThhrr  CCoo  ddoonn  4499

SSttee  rroo  iidd  55--aallpp  hhaa--rree  dduucc  ttaa  ssee
ttyyppee  IIII

SSRRDD55AA22 VVaall>>LLee  uu  CCoo  ddoonn  8899

AAnn  ddrroo  ggeenn  rree  cceepp  ttoorr AARR
((CCAAGG))nn  lloonngg>>sshhoorrtt

aall  llee  lleess
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The unc ha rac te ri zed ge ne ELAC2 has be en pro po -
sed to be a pros ta te can cer sus cep ti bi lity ge ne. Two poly-
morp hisms wit hin the ELAC2 ge ne (Ser>Le u Co don 217,
Ala>Thr Co don 541) ha ve be en re por ted to seg re ga te
with the di se a se in mul tip le-ca se fa mi li es and ha ve be en
as so ci a ted with a mo destly in cre a sed risk of pros ta te can-
cer.14 The re fo re, so me in ves ti ga tors pro po sed that
ELAC2 sho uld be re na med ‘he re di tary pros ta te can cer
ge ne 2’ (HPC2). Most stu di es con firm a cer ta in ro le for
the Ala>Thr Co don 541 poly morp hism in pros ta te can-
cer sus cep ti bi lity, but not for the Ser>Le u Co don 217
poly morp hism.15,16

TA he te rozy go us ge noty pe for the va ri ant al le le
(Ala/Ser) is pre sent in ~8% of the po pu la ti on. The de tec -
ted poly morp hism has be en as so ci a ted with a mo destly
in cre a sed risk of pros ta te can cer. Whi le a me ta-analy sis
by Camp and Tav ti gi an15 cal cu la ted an odds ra ti o of ~2.4
for Thr541 car ri ers, anot her mo re com pre hen si ve me ta-
analy sis by Se ve ri et al.16 re ve a led a mo de ra te ef fect for
the Thr541-al le le on pros ta te can cer risk (OR~1.2). A
ho mozy go us ge noty pe for one of the va ri ant (Ala/Ser is
pre sent in ~0.1% of the po pu la ti on. The de tec ted poly-
morp hism has be en as so ci a ted with a mo destly in cre a -
sed risk of pros ta te can cer. Whi le a me ta-analy sis by
Camp and Tav ti gi an15 cal cu la ted an odds ra ti o of ~2.4
for Thr541 car ri ers, anot her mo re com pre hen si ve me ta-
analy sis by Se ve ri et al.16 re ve a led a mo re mo de ra te ef-
fect for the Thr541-al le le on pros ta te can cer risk
(OR~1.2).

INFLAMMATION

In ter le u kin 6 (IL-6) is a mul ti func ti o nal cyto ki ne
and is in vol ved in both the amp li fi ca ti on of and the pro-
tec ti on aga inst the inf lam ma ti on in res pon se to in fec ti -
on and tis su e in jury. A poly morp hism wit hin the
pro mo ter re gi on (G>C Pos. –174) has be en sug ges ted to
mo du la te IL6-pla ma le vels. Furt her mo re, IL-6 ge ne ex-
pres si on is re gu la ted by ot her cyto ki nes, trans crip ti on
fac tors, and se ve ral hor mo nes, e.g. es tra di ol. 

No va ri ant al le le (G/G) is pre sent in ~38% of the
po pu la ti on and is as so ci a ted with hig her IL6-le vels,17

which ha ve be en des cri bed to be the ma jor pre dic tor of
di sa bi lity and mor ta lity in the el derly. The IL-6 G/G ge -
noty pe has be en fo und to be un der rep re sen ted in cen te -
na ri ans and, the re fo re, ap pe ars to be di sad van ta ge o us for
lon ge vity. This phe no me non has be en ob ser ved only
among ma les.18 The va ri ant al le le  in form of the he te -
rozy go us ge noty pe (G/C) is pre sent in ~49% of the po p-
u la ti on. C-al le le car ri ers ha ve lo wer IL-6 se rum le vels in
com pa ri son with ho mozy go us G/G car ri ers. This ge noty -
pe has be en re por ted to be ad van ta ge o us for suc cess ful
aging.18

The cyto ki ne in ter le u kin 10 (IL-10) physi o lo gi cally
li mits and down-re gu la tes inf lam ma ti on. Age re la ted di -
se a ses are ini ti a ted or wor se ned by syste mic inf lam ma -
ti on; con ver sely, ge ne tic va ri a ti ons de ter mi ning
in cre a sed pro duc ti on of an ti-inf lam ma tory cyto ki nes ha -
ve be en shown to be as so ci a ted with suc cess ful aging: A
poly morp hism wit hin the pro mo ter re gi on has be en
shown to re gu la te IL-10 le vels. An ade ni ne (A) at the si -
te –1082 in the pro mo ter re gi on of the IL-10 ge ne is as-
so ci a ted with low and gu a ni ne (G) with high pro duc ti on
of IL-10.

No va ri ant al le le (G/G. is as so ci a ted with high IL-
10 pro duc ti on. Wit hin ma le car ri ers, the G/G ge noty pe
has be en shown to oc cur at a hig her fre qu ency in cen-
te na ri ans than in yo un ger pe op le.19 In de ed, IL-10 pro -
ved to ha ve se ve ral pro tec ti ve fe a tu res ac ting aga inst
at he rosc le ro tic di se a se.20 A ho mozy go us ge noty pe for
the va ri ant al le le (A/A) is as so ci a ted with low IL-10 pro-
duc ti on and is less com mon wit hin ma le cen te na ri an
car ri ers. 

FIGURE 2: Sche me of the androgen receptor (AR) and the mRNA of this ge -
ne. The AR ge ne inc lu des 8 exons of dif fe rent si ze.The AR pro te in = end pro -
duct inc lu des mo re than 800 ami no acids. Re gar ding its func ti on we ha ve
do ma ins A-F.

EEllaaCC  hhoo  mmoo  lloo  gguu  ee  22  //  hhee  rree  ddii--
ttaarryy  pprrooss  ttaa  ttee  ccaann  cceerr  ggee  nnee  22

EELLAACC22  //
HHPPCC22

AAllaa>>TThhrr  CCoo  ddoonn
554411

In ter le u kin 10 IL-10 G>A Pos. -1082

In ter le u kin 6 IL-6 G>C Pos. -174
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DETOXIFICATION

Glu tat hi o ne S-trans fe ra se pi (GSTP) plays an im-
por tant ro le in de to xi fi ca ti on by ca taly zing the con ju ga -
ti on of many hydrop ho bic and elec trop hi lic com po unds
with glu tat hi o ne. A poly morp hism wit hin the GSTP1-
ge ne (Ile>Val Co don 105) has be en shown to ha ve func-
ti o nal ef fects on the GSTP1 ge ne pro duct re sul ting in
re du ced enz yme ac ti vity and to mo du la te the pre dis po -
si ti on to cer ta in can cers, es pe ci ally to lung can cer wit hin
risk gro ups such as smo kers or nons mo kers who are ex-
po sed to en vi ron men tal to bac co smo ke. A ho mozy go us
ge noty pe for the va ri ant al le le (Val/Val) is pre sent in
~8% of the po pu la ti on. This ge noty pe has be en as so ci a -
ted with an in cre a sed risk of lung can cer, es pe ci ally wit -
hin in di vi du als ex po sed to to bac co smo ke. A lar ge study
re por ted, that the GSTP1 Val/Val ge noty pe do ub les the
lung can cer risk among smo kers (26 pack-ye ars), com pa -
red with the Ile/Ile ge noty pe.21 This ef fect in cre a ses in
com bi na ti on with the GSTM1 null ge noty pe, which is
pre sent in ap pro xi ma tely in 50% of the po pu la ti on. In-
di vi du als carr ying the GSTM1 null ge noty pe and the ho-
mozy go us GSTP1 Val105 al le le we re re por ted to carry a
ne arly 7-fold in cre a sed 

Glu tat hi o ne S-trans fe ra se M1 (GSTM1) is ca pab le
of de to xif ying re ac ti ve elec trop hi les which can act as
mu ta gens.  GSTM1 is de le ted in abo ut half of Ca u ca si ans,
but the ro le of the so cal led GSTM1 null ge noty pe in car-
ci no ge ne sis has be en dis cus sed con tro ver si ally in the li t-
e ra tu re and it can be es ti ma ted that GSTM1 sta tus has
no ef fect on the risk of lung can cer per se. Ho we ver, the
GSTM1 null ge noty pe can in cre a se the car ci no ge nic ef-
fect of ot her ge ne tic risk mar kers li ke the GSTP1 Val105
poly morp hism.If the GSTM1 ge ne is ho mozy go us de le -
ted (not de tec tab le; GSTM1 null ge noty pe) and alt ho ugh
the GSTM1 null ge noty pe do es not inf lu en ce the sus cep-
ti bi lity for lung can cer per se, it in cre a ses the car ci no ge -
nic ef fect of the GSTP1 Val105 poly morp hism: Smo kers
of the GSTP1 Ile/Val co don 105 he te rozy go us ge noty pe
in com bi na ti on with the GSTM1 null ge noty pe disp lay
an in cre a se in DNA-ad duct le vels, le a ding to an in cre a -
sed lung can cer risk.22 In di vi du als carr ying the GSTM1
null ge noty pe and the ho mozy go us GSTP1 Val105 al le -
le ha ve be en re por ted to carry a ne arly ne arly 7-fold in-
cre a sed risk of de ve lo ping lung can cer.23

POLY MORP HISMS: RISK EVA LU A TI ON BRE AST AND PROS TA TE 

Bre ast Can cer Risk-Ge ne ral 

Trans for ming growth fac tor be ta (TGF-ß) is one of
the most po tent in hi bi tors of cell growth and acts vi a
trans for ming growth fac tor be ta re cep tor (TGFBR). A
de le ti on of thre e GCG trip lets (*6A) wit hin the type 1
TGFBR ge ne (TGFBR1) re sults in vit ro in a less ef fec ti -
ve res pon se to TGF-ß growth in hi bi tory sig nals com pa -
red to the ‘wild type’ TGFBR1 ge ne (*9A) and the re fo re,
TGFBR1*6A might act as a tu mor sus cep ti bi lity al le le.
Two re cent me ta-analy ses of 7 and 12 ca se-con trol stu -
di es sho wed that TGFBR1*6A car ri ers ha ve an in cre a sed
risk of he ma to lo gi cal ma lig nan ci es, bre ast, ova ri an, and
co lon can cer. Thus, the TGFBR1*6A poly morp hism is a
use ful ge ne ral mar ker for va ri o us ma lig nan ci es, among
them al so gyne co lo gic tu mors such as bre ast and ova ri -
an can cer. Know led ge of the car ri er sta tus of
TGFBR1*6A might be cli ni cally use ful for tar ge ted can-
cer pre ven ti on stra te gi es. The (*9A/*9A);  ge noty pe is
pre sent in ~83% of the po pu la ti on(Wildt ype).Con cer -
ning this poly morp hism, car ri ers of the *9A/*9A ge noty -
pe are not at an in cre a sed risk of bre ast and ova ri an
can cer.

The *6A/*9A ge noty pe is as so ci a ted with an in cre -
a sed risk of bre ast can cer (OR=1.45) and ova ri an can cer
(OR=1.53).24 Car ri ers al so ha ve a 20% in cre a sed risk of
co lon can cer (OR=1.2).25 A ho mozy go us ge noty pe for the
va ri ant al le le has be en de tec ted (*6A/*6A); this ge noty -
pe is pre sent in ~1% of the po pu la ti on. The *6A/*6A ge -
noty pe is as so ci a ted with an in cre a sed risk of bre ast
can cer (at le ast OR=1.45) and ova ri an can cer
(OR=3.35).24 Car ri ers al so ha ve a 20% in cre a sed risk of
co lon can cer (OR=2.02).25

The Pro ges te ro ne re cep tor (PR) me di a tes the
physi o lo gic ef fects of pro ges te ro ne. It exists in two iso-
forms, PR-A and PR-B. PR-A op po ses es tro gen or pro -
ges te ro ne in du ced cell pro li fe ra ti on, whe re as PR-B
con tri bu tes to es tro gen or pro ges te ro ne in du ced cell
pro li fe ra ti on. A poly morp hism (Pos. 331 G>A) wit hin
the pro mo ter of the pro ges te ro ne re cep tor ge ne (PGR)
in cre a ses the ex pres si on of the PR-B iso form and is as-
so ci a ted with en do met ri al can cer and bre ast can cer.
This in cre a sed risk has be en do cu men ted in a pros pec -
ti vely stu di ed co hort wit hin the Nur ses’ He alth

Glu tat hi o ne S-trans fe ra se M1 GSTM1 Ava i lab le > 0 al le le

Trans for ming growth fac tor be ta 
re cep tor type 1

TGFBR1 *9A > *6AG>C Pos. -174

PPrroo  ggeess  ttee  rroo  nnee  RRee  cceepp  ttoorr PGR Pos. +331 G>A
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Study.26,27 The G/G ge noty pe is pre sent in ~90% of the
po pu la ti on Con cer ning this poly morp hism, car ri ers of
the G/G ge noty pe are not at an in cre a sed risk of en do -
met ri al and bre ast can cer.Car ri ers of the he te rozy go us
ge noty pe are at an in cre a sed risk of en do met ri al can-
cer (OR=1.9) and bre ast can cer (OR=1.4). The risk in-
cre a ses for over we ight wo men (BMI>28kg/m2)
re sul ting in an OR of 4.7 for en do met ri al can cer and in
an OR of 2.3 for bre ast can cer. Alt ho ugh HRT is anot -
her risk fac tor for en do met ri al can cer and bre ast can-
cer, no in te rac ti on bet we en PGR ge noty pe and HRT
has be en ob ser ved.26,27 Be ca u se to o litt le da ta for the
ho mozy go us ge noty pe are ava i lab le, the sa me OD ra ti -
os as for the he te rozy go us ge noty pe apply, alt ho ugh the
risk may be in fact hig her.

The an dro gen re cep tor (AR) is in vol ved in the re g-
u la ti on of hor mo ne-res pon si ve ge nes. The length of a 3-
ba se pa ir re pe at (CAG) wit hin the AR ge ne af fects the
an dro gen : es tro gen ba lan ce, me di a tes trans-ac ti va ti on
of cell-cycle re gu la ting ge nes, and plays a ro le in bre ast
can cer sus cep ti bi lity.

If two short (< 22 re pe ats) al le les or a cu mu la ti ve
(CAG)(n) re pe at si ze of <43 ha ve be en de tec ted, we know
that shor ter al le les [CAG (<22) re pe at] of the an dro gen re-
cep tor (AR) are as so ci a ted with a dec re a sed risk of bre ast
can cer. At le ast one long al le le ( >or= 22) has be en de tec -
ted. This ge noty pe of the an dro gen re cep tor (AR) is as so -
ci a ted with an in cre a sed risk of bre ast can cer. Wo men
with a cu mu la ti ve (CAG)(n) re pe at si ze of >or= 43 show a
mo destly in cre a sed risk of bre ast can cer (OR=1.3).28 The
risk in cre a ses es pe ci ally among wo men with a first-deg re -
e fa mily his tory of bre ast can cer (OR=1.7). This in cre a sed
risk has be en do cu men ted in a pros pec ti vely stu di ed co-
hort wit hin the Nur ses’ He alth Study.29 If two long al le les
>or= 22 ha ve be en de tec ted, it is well known, that this ge -
noty pe of the an dro gen re cep tor (AR) is as so ci a ted with
an in cre a sed risk of bre ast can cer. Wo men with a cu mu -
la ti ve (CAG)(n) re pe at si ze of >or= 43 show a mo destly in-
cre a sed risk of bre ast can cer (OR=1.3).28 The risk in cre a ses
es pe ci ally among wo men with a first-deg re e fa mily his-
tory of bre ast can cer (OR=1.7). This in cre a sed risk has be -
en do cu men ted in a pros pec ti vely stu di ed co hort wit hin
the Nur ses’ He alth Study.29

The Vi ta min D Re cep tor (VDR) is ex pres sed in bre -
ast tis su e and mo de ra tes the ra tes of lo cal cell di vi si on. A

poly morp hism (IVS7 +283 G>A / b > B) wit hin the VDR
ge ne has be en as so ci a ted with an in cre a sed sus cep ti bi -
lity to bre ast can cer. Furt her mo re, the VDR poly morp -
hism is as so ci a ted with lo wer bo ne mi ne ral den sity
(BMD) and with a pre dis po si ti on for os te o po ro sis. 

If no va ri ant al le le has be en de tec ted (b/b)it is
known that Car ri ers of the b/b-ge noty pe ha ve an in cre -
a sed risk of bre ast can cer (OD=1.9 for b/b ver sus B/B);
(30) and this ge noty pe is pre sent in ~35% of the po pu la -
ti on. The b-al le le is the most com mon al le le (60%) and
is the re fo re re gar ded as ‘wild type’-al le le. ). In cre a ses in
vi ta min D and cal ci um in ta kes are as so ci a ted with dec -
re a ses in bre ast den si ti es, sug ges ting that di e tary vi ta min
D and cal ci um can in cre a se the de tec ta bi lity of bre ast
can cer  pos sibly thro ugh inf lu en ces on bre ast tis su e mor-
p ho logy.31 If the va ri ant al le le has be en de tec ted in form
of the he te rozy go us ge noty pe (b/B),this ge noty pe is pre s-
ent in ~50% of the po pu la ti on and car ri ers of the b-al le -
le se em to ha ve a mo de ra tely in cre a sed ris kof bre ast
can cer com pa red to B/B car ri ers.30 Be ca u se the he te -
rozy go us ge noty pe is the most fre qu ent ge noty pe, it sho -
uld not be re gar ded as a ge ne ral risk mar ker for bre ast
can cer. Ho we ver, in cre a ses in vi ta min D and cal ci um in-
ta kes are as so ci a ted with dec re a ses in bre ast den si ti es,
sug ges ting that di e tary vi ta min D and cal ci um can in-
cre a se the de tec ta bi lity of bre ast can cer risk pos sibly
thro ugh inf lu en ces on bre ast tis su e morp ho logy. If the -
re has be en de tec ted a  ho mozy go us ge noty pe for the va -
ri ant al le le  (B/B),this ge noty pe is pre sent in ~15% of the
po pu la ti on and car ri ers of the B/B-ge noty pe ha ve a dec -
re a sed risk of bre ast can cer.30

Cytoc hro me P450 17 A1 (CYP17) me di a tes an dro -
gen bi osyn the sis vi a the con ver si on of preg ne no lo ne to
dehy dro e pi an dros te ro ne (DHE A) and vi a the con ver si -
on of pro ges te ro ne to an dros te ne di o ne. A sing le ba se-
pa ir chan ge in the 5’-un trans la ted re gi on (5’-UTR; T>C.
Pos.-34) of the CYP17A1 ge ne has be en as so ci a ted with
an in cre a sed ge ne ex pres si on re sul ting in slightly al te -
red hor mo ne le vels. The CYP17 poly morp hism has be -
en shown to pre dict use of hor mo ne rep la ce ment
the rapy32 and is re gar ded to be a we ak mo di fi er of bre -
ast can cer risk.33 The(T/T ge noty pe is pre sent in ~34 % of
the po pu la ti on. Re gar ding bre ast can cer, the pro tec ti ve
ef fect of a la ter age at me narc he (>/= 13) is li mi ted to wo -
men with this ge noty pe.33 In te res tingly, this ge noty pe
has be en mo re of ten ob ser ved among wo men who we re
cur rent users of HRT, in di ca ting that T/T-wo men mo re
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of ten ha ve cli mac te ric symptoms com pa red to non ‘wild
type’ car ri ers.32 If a ho mozy go us ge noty pe of the va ri ant
al le le has be en de tec ted (C/C), this ge noty pe is pre sent in
~17% of the po pu la ti on and al ters cir cu la ting hor mo ne
le vels to a mo de ra te ex tent and is re gar ded to be a we ak
mo di fi er of bre ast can cer risk, but is not a sig ni fi cant in-
de pen dent risk fac tor.33 In te res tingly, car ri ers of this ge -
noty pe ha ve be en shown to be abo ut half as li kely as
car ri ers of the ‘wild-type’ ge noty pe T/T to be cur rent
HRT users (OR=0.52). It has be en spe cu la ted that wo -
men with the C/C ge noty pe ha ve fe wer in di ca ti ons for
HRT du e to hig her le vels of en do ge no us hor mo nes.32

The fi nal sta ge of es tro gen synthe sis is ca taly sed by
the aro ma ta se enz yme, en co ded by the ge ne CYP19A1,
which con verts the an dro gens an dros te ne di o ne and tes -
tos te ro ne in to the es tro gens es tro ne and es tra di ol, res -
pec ti vely. A com mon poly morp hism in the
CYP19A1ge ne, 1558 C>T, is as so ci a ted with an in cre a sed
enz yme ac ti vity le a ding to in cre a sed le vels of es tro ne
and es tra di ol and in cre a sed ra ti os of es tro ne : an dros te -
ne di o ne and es tra di ol : tes tos te ro ne. This poly morp hism
is in strong lin ka ge di se qu i lib ri um with anot her poly -
morp hism, a short tan dem re pe at [TTTA]n in in tron 4,
with com pa rab le ef fects on the es tro gen me ta bo lism.
C/C ho mozy go us car ri ers ha ve slightly re du ced le vels of
es tro ne and es tra di ol com pa red to C/T- or T/T car ri ers.34

Alt ho ugh cir cu la ting le vels of es tro gens are di rectly re-
la ted to the risk of bre ast can cer, the 1558 C>T poly mor-
p hism has gi ven in conc lu si ve re sults in bre ast can cer
ca se-con trol stu di es, pro bably du e to the re la ti vely mi -
nor ef fect on ele va ted es tro gen le vels. Thus, no in cre a -
sed risk of bre ast can cer can be ex pec ted among C/C
car ri ers. On the ot her hand, lo wer le vels of es tro gens are
as so ci a ted with a hig her risk of de ve lo ping os te o po ro sis
or CVD du ring me no pa u se. The re fo re, a HRT may be of
spe ci al in te rest.

A he te rozy go us or ho mozy go us ge noty pe for the
va ri ant  ge noty pe is pre sent in~50% of the po pu la ti on.
C/T he te rozy go us car ri ers ha ve slightly ele va ted le vels
of es tro ne (2%) and es tra di ol (4%) com pa red to C/C car-
ri ers.34 Alt ho ugh cir cu la ting le vels of es tro gens are di-
rectly re la ted to the risk of bre ast can cer, the 1558 C>T
poly morp hism has gi ven in conc lu si ve re sults in bre ast
can cer ca se-con trol stu di es, pro bably du e to the re la ti -
vely mi nor ef fect on ele va ted es tro gen le vels, es pe ci ally
wit hin he te rozy go us car ri ers, which sho uld the re fo re be
re gar ded as ‘wild-type’ risk car ri ers. 

A ho mozy go us ge noty pe for the va ri ant al le le is pre -
sent in ~28% of the po pu la ti on. T/T ho mozy go us car ri ers
ha ve ele va ted le vels of es tro ne (10%) and es tra di ol (13%)
com pa red to C/C car ri ers.34 Alt ho ugh cir cu la ting le vels
of es tro gens are di rectly re la ted to the risk of bre ast can-
cer, the 1558 C>T poly morp hism has gi ven in conc lu si ve
re sults in bre ast can cer ca se-con trol stu di es, pro bably du -
e to the re la ti vely mi nor ef fect on ele va ted es tro gen le v-
els. The re fo re, the 1558 C>T poly morp hism has to be
con si de red to get her with ot her ge ne tic risk and en vi ron -
men tal fac tors le a ding to in cre a sed le vels of es tro gens.
Al co hol in ta ke pro mo tes aro ma ti za ti on of an dro gens to
es tro gens. On the ot her hand, an ti-aro ma ta se che mi cals
in red wi ne ha ve be en de tec ted, which over co mes the in-
duc ti ve ef fect of al co hol in wi ne.35 A high BMI cor re la -
tes with an in cre a sed risk of bre ast can cer, and car ri ers
of the T-al le le may se lec ti vely pro fit from a re duc ti on in
body fat by exer ci se.36 In di vi du als with high le vels of es-
tro gens may al so pro fit from a di et rich in cru ci fe ro us ve -
ge tab les (e.g., cab ba ge and broc co li), which con ta ins
in do le-3-car bi nol (I3C). I3C and its ma jor in vi vo pro d-
uct di in doly lmet ha ne (DIM) ha ve be en re por ted to mo -
dify cytoc hro me P450 ac ti vi ti es in vol ved in the es tro gen
ca ta bo lism, fa vo ring the for ma ti on of harm less 2OH es-
tro gen-me ta bo li tes.37 A long term, high do se HRT sho -
uld be re gar ded cri ti cally.

Es tra di ol Re cep tor Alp ha Poly morp hism

In this ca se yo u disp lay an in cre a sed sen si ti vity for es tro -
gens. This ca u ses le i om yo ma, En do met ri o sis and a dec re -
a sed ne ed for es tro gens. The re is an in ce ra se of the be rast
can cer risk for wo men and may be a hig her risk for  Cv di s-
e a ses in  men. Al so the fat dis tri bu ti on is  E2 alp ha R de-
pen dent. As this re cep tor is dis tri bu ted  body wi de the re
are  many dif fe rent  re ac ti ons, e.g. on the gum and bo ne. 

Es tro gens ha ve im por tant ef fects on bo ne mass and
bo ne re mo de ling and exert the ir ef fects pri ma rily vi a the
es tro gen re cep tor 1 (ESR1), a li gand-ac ti va ted trans crip -
ti on fac tor. A com mon poly morp hism wit hin the ESR1
ge ne (IVS1 -401 T>C / p > P) is as so ci a ted with bo ne mi -
ne ral den sity (BMD) and frac tu re risk. This poly morp -
hism al so shows a gen der spe ci fic inf lu en ce on the
oc cur ren ce of car di o vas cu lar di se a se.If a ho mozy go us ge -
noty pe for the va ri ant al le le has be en de tec ted (P/P), the
P/P ge noty pe is the less com mon ge noty pe (~20%) and is
the re fo re re gar ded as va ri an ce, alt ho ugh it is as so ci a ted
with hig her bo ne mi ne ral den sity and an dec re a sed frac-

Aro ma ta se CYP19A1 C>T Pos. +1558
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tu re risk com pa red to car ri ers of the p-al le le.38 Furt her -
mo re, the P/P ge noty pe rep re sents the mo re hor mo ne-
sen si ti ve ge noty pe, the re fo re P/P car ri ers pro fit mo re
from the pro tec ti ve ef fect of HRT than wo men with the
p-al le le.39 Post me no pa u sal wo men with this ge noty pe are
at a dec re a sed risk of myo car di al in farc ti on (MI) and isc -
he mic he art di se a se (IHD), than car ri ers with the p-al le -
le.40 Ad di ti o nally, P/P car ri ers ha ve an aug men ted
res pon se (2-fold) of HDL cho les te rol to HRT.41 The re fo -
re, a HRT may be of spe ci al in te rest.

THE BRE AK DOWN AND ELI MI NA TING OF ES TRO GENS:

Pha se I

CYP 1A1 AND 1B1 GE NE POLY MORP HİSM

CCYYPP  11AA11

Cytoc hro me 1A1 me di a tes the eli mi na ti on of Ees tro gens
by C2 hydroxy la ti on and me ta bo li zes en vi ron me tal to x-
ins as well as  polyc yclic hydro car bons (Figure 3). Poly-
morp hisms in this ge ne can af fect the bre ast tis su e by
in cre a sed C2- OH pro ducts. Two mu ta ti ons in co don
T6235C and 462 are as so ci a ted with an in ce ra sed bre ast
can cer risk. Smo ker ha ve an 5 fold  risk be ca u se of the
pa ral lel ef fects on this enz yme, which eli mi na tes car bon
pro ducts  by hydroxy la ti on as well.

Po pu la ti ons in wes tern co un tri es, who smo ke ha ve
a 9 fold risk! (OR 9,7;95%-CI 2,0-47,9)

An in cre a sed bre ak down of es tro gens by CYP 1A1
le ads to a high  CYP 2OH/CYP 16 OH ra ti o, a slo wed bre -
ak down to an in ce ra se of C16 OH pro ducts, which ha ve
a high pro li fe ra ti ve and can ce ro ge nic ef fect on the tis su -
e. Yo u ha ve 2 mu ta ti ons: stop smo king, no es tro gens and
in hi bit the ac ti vity by :in cre a sed ali men ta ti on of ca bag -
ge li ke broc co li, ca u li flo wer, brus sel spro uts, red and yel-
low gar den ve ge tab les, Inb dol-3 Car bi nol cap sels, flax

se ed, . It is im por tant, in ca se of a CYP 1B1 mut ta i on, to
me a su re the NAT2 and GST ac ti vi ti es (2. step) + COMT
and Sulf trans fe ra se. No smo king!

Cytoc hro me P450 1A1 ca taly zes the 2-hydroxy la ti -
on of es tro ne (E1) and es tra di ol (E2) in to the ca tec ho la -
mi nes 2-hydroxy es tro ne (2-OHE1) and 2-hydroxy-
es tra di ol (2-OHE2) (42). The se 2-hydroxy me ta bo li tes
show re du ced es tro ge nic ef fects and be ha ve mo re li ke an -
ti-es tro gens (in con trast to 4-OH and 16-OH me ta bo li -
tes).43 Be si des that, CYP1A1 al so ac ti va tes pro car ci no gens,
li ke polyc yclic aro ma tic hydro car bons (PAH) or he te -
rocy clic aro ma tic ami nes (HA), pre sent in to bac co smo ke
or bro i led me at, and play a dis tinct ro le in the de ve lop -
ment of cer ta in can cers (e.g, lung and bre ast can cer).44 A
poly morp hism wit hin the CYP1A1-ge ne, T>C Pos. 3801,
in cre a ses CYP1A1 enz yme ac ti vity. If no va ri ant al le le has
be en de tec ted (T/T); The T/T ge noty pe is pre sent in ~81%
of the po pu la ti on. In this ca se of Wildt ype, the  CYP1A1-
enz yme shows nor mal ac ti vity. Enz yme ac ti vity in the li -
ver may be in cre a sed by a di et rich in cru ci fe ro us
ve ge tab les (e.g., cab ba ge and broc co li), which con ta in in-
do le-3-car bi nol (I3C). I3C and its ma jor in vi vo pro duct
di in doly lmet ha ne (DIM) are sti mu la ting CYP1A1 ac ti vity
in the li ver, fa vo ring a high ra ti o of 2OH/16OH me ta bo -
li tes, which is re gar ded as a pro tec ti ve mar ker of bre ast
can cer.45

If a ho mozy go us or  he te rozy go us ge noty pe has be -
en de tec ted (T/C or CC)than  this ge noty pe is pre sent in
~18% or in ~1%   of the po pu la ti on. This ge noty pe is as-
so ci a ted with an in cre a sed enz yme ac ti vity. The po si ti ve
ef fect of highly ac ti ve CYP1A1, con sis ting in a fa vo red
for ma ti on of 2OH es tro gen me ta bo li tes, is over co me by
its ac ti va ti on of pro car ci no gens. The CYP1A1 enz yme is
al so pre sent in the lung and the re fo re, ex po su re to to bac -
co smo ke sho uld be avo i ded. Smo kers are sho wing hig her
le vels of DNA ad ducts in bre ast tis su e, put ting them at an
in cre a sed risk of bre ast can cer,44 whi le - re fer ring to the
CYP1A1 poly morp hisms - nons mo kers are not at an in-
cre a sed risk of de ve lo ping bre ast can cer.46 Furt her mo re,
car ri ers of a poly morp hic CYP1A1 al le le res pond to a les -
ser deg re e to an I3C supp le men ta ti on. The re fo re, the
2OH/16OH ra ti o sho uld be mo ni to red du ring I3C supp -
le men ta ti on.47

CCYYPP  11BB11

Cytoc hro me P450 1B1 pre fe ren ti ally ca taly zes the
FIGURE 3: Re mo ving Es tro gens and Xe no es tro gens by CYP 1A1 and CYP
1B1 (step I) and COMT (step II) Sti mu la ti on of COMT with fo lic acid and S-
Adenyl –Met hi o nin (methyl do na tor).

Cytoc hro me P-450 1 A1 CYP1A1 T>C Pos. +3801

Cytoc hro me P-450 1 B1 CYP1B1 Le u > Val Co don 432 
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4-hydroxy la ti on of es tra di ol (E2) in to ca tec ho la mi ne 4-
hydroxy-es tra di ol (4-OHE2). 4-OHE2 me ta bo li tes may
play a func ti o nal ro le in bre ast car ci no ge ne sis by the ir
high es tro ge nic po tency sti mu la ting es tro gen re cep tor-
me di a ted trans crip ti on and in cre a sing lo cal cell pro li fe -
ra ti on. Furt her mo re, 4-OHE2 can be me ta bo li zed to
qu i no ne de ri va ti ves, which in te ract with DNA le a ding
to DNA ad ducts and DNA da ma ge in bre ast tis su e.48

CYP1B1 is al so in vol ved in the me ta bo lism of polyc yclic
aro ma tic hydro car bons (PAH) or he te rocy clic aro ma tic
ami nes (HA), le a ding to the bi o ac ti va ti on of the se pro-
car ci no gens. A poly morp hism (Le u > Val Co don 432)
wit hin the CY1PB1 ge ne in cre a ses enz yme ac ti vity and
may be in vol ved in the de ve lop ment of cer ta in can cers
(e.g. bre ast can cer), es pe ci ally among high risk gro ups
(smo kers, wo men on HRT). 

CYP1B1 va ri ants are sho wing a 2.4 – 3.4 fold hig her
ca taly tic ef fi ci en ci es in ex pres si on stu di es,49 le a ding to
an in cre a sed pro duc ti on of 4-OHE2 me ta bo li tes. Ne ver-
t he less, in vi vo da ta sho wed only mar gi nal as so ci a ti ons
bet we en CYP1B1 va ri ants and se rum hor mo ne con cen -
tra ti ons in pre- and post me no pa u sal wo men.50,51 The
CYP1B1 ge ne poly morp hism do es not af fect the ove rall
bre ast can cer risk but may mo dify the risk af ter long-
term me no pa u sal hor mo ne use, com pa red with long-
term users wit ho ut this ge noty pe (OD=2.0),52 The re fo re,
a long term, high do se HRT sho uld be re gar ded cri ti -
cally. Be ca u se of its ro le in the ac ti va ti on of pro car ci no -
gens such as PAHs, ex po su re to to bac co smo ke sho uld
be avo i ded. Smo kers with the Val co don 432 al le le ha ve
be en shown to ha ve a hig her risk of bre ast can cer com-
pa red to ne ver smo kers with the Le u/Le u ge noty pe
(OR=2.3).53 The Val co don 432 al le le al so in cre a ses the
sus cep ti bi lity to bre ast can cer in wo men ex po sed to en-
vi ron men tal pol lu tants li ke ag ri cul tu ral pes ti ci des or ex-
ha ust ga ses.54 Thus, af fec ted in di vi du als sho uld avo id
ex po su re. 

A slow  hydroxy la ti on of es tro gens by a CYP 1B1
Poly morp hism ca u ses  a high 2/ 16 ra ti o, as CYP 1B1 hy-
droxy la tes es tro gens in C 16, which le ads to os te o po ro -
sis and es tro gen de fi ci ency over the  se xu al li fe span.
In cre a sed CYP 16 ac ti vity in cre a ses the 16 OH es tro gens
which are high pro li fe ra te and can ce ro ge no us. CYP 1B1
eli mi na tes all cyclic hydro car bons,, Benzp yren, af lo to -
xins, di o xins, from  pa in tings, gas, pet rol, smo king, BBQ
pro ducts, . Avo id the ex po si ti on to the se to xins. In hi bit
the ac ti vity by in cre a sed ali men ta ti on of cab ba ge li ke
broc co li, ca u lif lo wer, Brus sels spro uts, red and yel low
gar den ve ge tab les, Inb dol-3 Car bi nol cap su les, flax se ed,

. It is work folk, in ca se of a CYP 1B1 mu ta ti on, to me a -
su re the NAT2 and GST ac ti vi ti es (2. step) + COMT and
Sul fot rans fe ra se. A ra ti o from 1.5-3.0  is sa id to be  fi ne
for yo u.  The hig her the ra ti o, the hig her the risk for os-
te o po ro sis, car di o vas cu lar di se a se, dep res si ve and me no -
pa u sal  syndro mes.

The lo wer or in ver sed this ra ti o is, the  hig her the
risk for bre ast can cer, ute rus can cer, Lu pus Ery the ma to -
des and  chro nic pol yart hri tis. Du e to the to xic en vi ron -
men tal in dustry pro ducts, to bac co smo ke, BBQ pro ducts,
char co al pro ducts, pet roc he mi cal pro ducts, cycled hy-
dro car bons, Benzp yren, stil be ne, aro ma tes and es tro gens
from drin king wa ter (ex cre ted hor mo nes of an ti-baby
pill) yo u ha ve a very dan ge ro us risk for the ac cu mu la ti -
on of this stuff in the fatty tis su e de pots and li ver. Yo ur
eli mi na ting ac ti vity is very low and slow. To avo id che -
mi cal in du ced can cer we ur gently re com mend avo i ding
the se pro ducts, no hor mo ne rep la ce ment the rapy, sti m-
u la ting the enz yme ac ti vity  by nut ri ti on: add to yo ur
nor mal di et  cab ba ge as broc co li, ca u lif lo wer, gre en and
yel low ve ge tab les. Cap su les with In dol-3-Car bi nol, flax -
se ed, Ome ga 3 fatty acids.

Pha se II

CA TEC HOL-ORT HO-METHYL-TRANS FE RA SE (COMT) AND 
CYP 1A1, CYP 1B1

The COMT is res pon sib le for the bre ak down of  ca tec -
hol- es tro gens by hydroxy la ti on, which are con ver ted
from Es tra di ol by P450 oxi da ses (Cytoc hrom P450 1A1
(CYP 1A1) and (P450 CYP 1B1). This in ter me di ary  pro-
du ced ca tec hol -es tro gens disp lay a high can ce ro ge no us
po tency.

Poly morp hisms of CYP 1A1 – ge ne le ads to in cre -
a sed le vels of es tro gens and ca tec hol – es tro gens, which
are them sel ves a gre at risk for the de ve lop ment of bre -
ast can cer.

Mu ta ti on of the COMT ge ne le ads to a slo wer bre -
ak down ra te of ca tec hol-es tro gen so that  this in cre a sed
amo unt of  can cer sti mu la ting in ter me di ary es tro gen
pro ducts is ava i lab le in the bre ast cells.

Mo re o ver this  enz yme is in vol ved in the  bre ak
down of ne u rot rans mit ters as the re are  nor epi nep hri -
ne and do pa mi ne, ca u sing  dif fe rent di se a ses  and di sor -
ders  li ke an xi ety syndro me, pa nic at tacks, ob ses si ve
di sor ders and schi zop hre ni a. As it works  es tro gens de-
pen dent, the amo unt of this par ti cu lar hor mo ne in the
bra in is im por tant du e to the com pe ti ti on bet we en E2,
E1  and ne u rot rans mit ters.pQCT analy ses sho wed that
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COMT ge noty pe was an in de pen dent pre dic tor of tra-
be cu lar vBMD of the ti bi a, ra di us, and fi bu la. Tra be cu -
lar vBMD of the ra di us and fi bu la in COMT(LL) was
5.3% and 7.4% lo wer, res pec ti vely, than that of the com-
bi ned COMT(HL/HH) gro up. COMT ge noty pe was as so-
ci a ted with cor ti cal vBMD but not with cor ti cal
cross-sec ti o nal are a in the ti bi a. The se fin dings show that
the COMT poly morp hism is as so ci a ted with BMD in yo -

ung adult men
Ca tec hol-O-methy ltrans fe ra se (COMT) con verts

ca tec hol es tro gens (e.g. 4-hydroxy-es tra di ol, 4OH-E2)
in to inac ti ve met hoxy de ri va ti ves (e.g. 4-Me O E2).
COMT is al so in vol ved in the deg ra da ti on of ot her ca t-
ec ho la mi nes, li ke ne u rot rans mit ters and exo ge no us ca t-
ec hol subs tan ces. A com mon poly morp hism (Val>Met
co don 158) wit hin the COMT ge ne is as so ci a ted with a
dec re a sed enz yma tic ac ti vity and the re fo re a de ce le ra -
ted ca ta bo lism of ca tec ho la mi nes. A ho mozy go us ge no-
ty pe of the va ri ant (Met/Met) is pre sent in ~25% of the
po pu la ti on. It le ads to a dec re a sed enz yme ac ti vity and
to in cre a sed le vels of 4-hydroxy-es tra di ol, which are
as so ci a ted with an in cre a sed risk of bre ast can cer. Ho -
we ver, un til now the inf lu en ce of the Met/Met ge noty -
pe on the pre dis po si ti on to bre ast can cer has be en
dis cus sed con tro ver si ally and sho uld the re fo re not be
re gar ded as a ge ne ral risk mar ker of bre ast can cer. Ot -
her wi se, wit hin car ri ers of this ge noty pe with con co -
mi tantly low fo la te / high ho mocy ste i ne le vels, bre ast
can cer ca ses can be mo re of ten ob ser ved.55 The re fo re, a
di e tary supp le men ta ti on with fo lic acid can be of spe ci -
al in te rest. In te res tingly, car ri ers of the Met-al le le se em
to pro fit form the pro tec ti ve ef fect of te a (gre en or
black), du e to the less ra pid deg ra da ti on of the ca tec -
hol-con ta i ning te a poly phe nols.56 Da ta form the Nur s-
es’ He alth Study de mons tra te that the ele va ted risk of
bre ast can cer among wo men with a his tory of re gu lar
al co hol use can be re du ced by fo la te supp le men ta ti -
on.57

HORMONE REPLACEMENT THERAPY
RISKS AND BENEFITS

COL LA GEN TYPE I ALP HA 1

En co ded by the COL1A1 ge ne, is the ma jor pro te in of
the bo ne. A poly morp hism wit hin the COL1A1 ge ne
(Pos. 1546 G>T / S > s) is in vol ved in the re gu la ti on of

col la gen trans crip ti on and is re gar ded as a mar ker for the
pre dis po si ti on to os te o po ro sis and an in cre a sed frac tu re
risk.

The (S/S) ge noty pe (Wildt ype) is pre sent in ~64%
of the po pu la ti on. With res pect to this poly morp hism,
no in cre a sed risk of os te o po ro sis and frac tu re has be en
de tec ted. Furt her mo re, S/S car ri ers es pe ci ally be ne fit
from a bip hosp ho na te (e.g. etid ro na te) the rapy by an in-
cre a se in fe mo ral neck (FN) bo ne mi ne ral den sity
(BMD).58

The va ri ant al le le in form of the he te rozy go us ge -
noty pe (S/s),  is pre sent in ~33% of the po pu la ti on and
car ri ers of the S/s ge noty pe ha ve an in cre a sed risk of os-
te o po ro sis. In a me ta-analy sis of 26 stu di es, bo ne mi ne -
ral den sity (BMD) va lu es at the lum bar spi ne (LS) and
the fe mo ral neck (FN) we re shown to be sig ni fi cantly lo -
wer in the S/s ge noty pe gro up com pa red to S/S ho mozy -
go tes. He te rozy go us car ri ers of this poly morp hism ha ve
a sig ni fi cantly ele va ted risk of ver teb ral frac tu res
(OR=1.26).59 Furt her mo re, s-al le le car ri ers will pro fit less
from a bip hosp ho na te (etid ro na te) the rapy re gar ding fe -
mo ral neck BMD va lu es.58 S/s car ri ers are at a sig ni fi -
cantly in cre a sed risk of os te o po ro tic frac tu res. Ho we ver,
Mac Do nald et al. fo und no sig ni fi cant dif fe ren ce in ba -
se li ne BMD va lu es at the lum bar spi ne (LS) or fe mo ral
neck (FN) bet we en COL1A1 ge noty pes or in the ra tes of
bo ne loss bet we en COL1A1 ge noty pes in HRT users.60

The re fo re, a HRT may be of spe ci al in te rest for iden tif -
ying wo men at in cre a sed risk of frac tu re des pi te nor mal
ba se li ne BMD va lu es.  If the re is a ho mozy go us ge noty -
pe of the va ri ant al le le has be en de tec ted (s/s) and  this
ge noty pe is pre sent in ~3% of the po pu la ti on, than car-
ri ers of the s/s ge noty pe show an in cre a sed risk of os te -
o po ro sis. Bo ne mi ne ral den sity (BMD) va lu es at the
fe mo ral neck (FN) we re shown to be sig ni fi cantly lo wer
in the s/s ge noty pe gro up when com pa red with S/S ho-
mozy go tes. Ho mozy go us car ri ers of this poly morp hism
ha ve a sig ni fi cantly ele va ted risk of ver teb ral frac tu res
(OR=1.26).61 Furt her mo re s-al le le car ri ers will less pro -
fit from a bip hosp ho na te (etid ro na te) the rapy re gar ding
fe mo ral neck BMD va lu es.58 s/s car ri ers are at a sig ni fi -
cantly in cre a sed risk of os te o po ro tic frac tu re. Ho we ver,
Mac Do nald et al. fo und no sig ni fi cant dif fe ren ce in ba -
se li ne BMD va lu es at the lum bar spi ne (LS) or fe mo ral
neck (FN) bet we en COL1A1 ge noty pes or in the ra tes of
bo ne loss bet we en COL1A1 ge noty pes in HRT users.60

The re fo re, a HRT may be of spe ci al in te rest for iden tif -
ying wo men at in cre a sed risk of frac tu re des pi te nor mal

Ca tec hol-O-methy ltrans fe ra se COMT Val>Met Co don 158
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ba se li ne BMD va lu es.

Apo li pop ro te in E (apo E) is a pro te in com po nent of
se ve ral plas ma li pop ro te ins, inc lu ding trigl yce ri de-rich
chylo mic rons and very-low-den sity li pop ro te in (VLDL)
par tic les. As a li gand for the low-den sity li pop ro te in
(LDL) re cep tor, apo E plays a ma jor ro le in plas ma li pop -
ro te in me ta bo lism. Two poly mor hisms wit hin the hu -
man APO E ge ne form 6 com mon ge noty pes, le a ding to
3 ma jor iso forms of apo E: apo E2, -E3, and -E4. Car ri ers
of the APO E4 al le le ha ve hig her le vels of to tal and LDL
cho les te rol and the re fo re ha ve a hig her risk of car di o -
vas cu lar di se a se. Furt her mo re, the APO E4 al le le has be -
en re la ted to de men ti as li ke La te On set Alz he i mer’s
di se a se. In te res tingly, many ef fects of APO E-poly morp -

hisms are gen der spe ci fic.

The hu man apo li pop ro te in AI (apo A I) cons ti tu tes
the ma jor pro te in com po nent of high-den sity li pop ro te -
in (HDL, the so-cal led “go o d” cho les te rol). Be ca u se apo -
A I plays an im por tant ro le in the re ver se trans port of
cho les te rol, low Apo A I/HDL se rum le vels cons ti tu te a
well-known risk fac tor of co ro nary ar tery di se a se (CAD).
In the hu man APO A1 ge ne, a re la ti vely fre qu ent pro-
mo ter poly morp hism mo du la tes the ex pres si on of apo A -
I. Im por tant in te rac ti ons, at le ast for wo men, bet we en
this poly morp hism, di e tary ha bits, and HDL le vels are
known. Car ri ers of the va ri ant al le le can in cre a se the ir
se rum HDL in res pon se to a di e tary up ta ke of pol yun sa -

tu ra ted fatty acids.62,63

Mat rix me tal lop ro te i na ses (MMPs) ha ve im por tant
ro les in vas cu lar re mo de ling and in aging de pen dent stif -
fe ning of the ar te ri es. MMP3, a mem ber of the MMP fa -
mily, has be en as so ci a ted with the dan ge ro us, smo oth
and li pid-rich struc tu res of ar te ri osc le ro tic pla qu es. A
func ti o nal, re pe at-length poly morp hism wit hin the pro-
mo ter re gi on of the hu man MMP3 ge ne is known to fi -
ne-tu ne the enz yma tic ac ti vity of MMP3. The 5A al le le
ca u ses hig her ac ti vity and has be en as so ci a ted with hig -
her risk for myo car di al in farc ti on, whi le the 6A al le le is
known to ca u se lo wer ac ti vity and has be en re por ted as

risk mar ker for ar tery ste no sis and for ar te ri osc le ro sis.
In ca se of this poly morp hism, ex perts in the fi eld ha ve
sug ges ted that the “op ti ma l” ge noty pe wo uld be the he t-
e rozy go us. A ho mozy go us ge noty pe for the va ri ant al le -
le 6A/6A ge noty pe has be en iden ti fi ed re por ted as risk
mar ker for in ter nal ca ro tid ar tery ste no sis and for ra pid
prog res si on of ar te ri osc le ro sis. The risk of ar te ri osc le ro -
sis is not mo du la ted by smo king ha bits. It furt her has be -
en iden ti fi ed as we ak ge ne tic risk fac tor for myo car di al
in farc ti on in Ja pa ne se wo men. If app li cab le, this va ri ant

in di ca tes pre ven ti ve re duc ti on of con ven ti o nal risk fac-
tors for car di o vas cu lar di se a se.

The an ti o xi dant enz yme pa ra o xo na se, an high-den -
sity li pop ro te in bo und se rum enz yme, pre vents low-
den sity li pop ro te in oxi da ti on and is the re fo re be li e ved
to af fect the risk of co ro nary ar tery di se a se. The re is a
com mon ge ne tic va ri a ti on in the pa ra o xo na se 1 ge ne,
PON1, which is as so ci a ted with the se ve rity of co ro nary
ar tery di se a se. Du e to a me ta-analy sis from 43 stu di es,
the Arg192 va ri ant The va ri ant al le le form of the ho-
mozy go us ge noty pe is we akly as so ci a ted with co ro nary
he art di se a se, the es ti ma ted per-al le le ex cess risk is
+12%. Fe ma le car ri ers of the 192Arg/Arg ge noty pe ha ve
in cre a sed risk of mo re se ve re co ro nary he art di se a se. Be-
ca u se the re is no ro bust evi den ce that this poly morp hism
is as so ci a ted with co ro nary he art di se a se risk, the cli ni -
cal in ter pre ta ti on must ca re fully eva lu a te ot her risk fac-

tors. In te res tingly, the re is a mo dest as so ci a ti on bet we en
the 192Arg/Arg ge noty pe and lon ge vity in Italy and Irish
po pu la ti ons.

An gi o ten sin con ver ting enz yme (ACE) plays an im-
por tant ro le in blo od pres su re re gu la ti on and elec troly -
te ba lan ce by hydroly zing an gi o ten sin I in to an gi o ten sin
II. An gi o ten sin II is a po tent va sop res sor, and al dos te ro -
ne-sti mu la ting pep ti de, ma in ta i ning car di o vas cu lar ho -
me os ta sis. The hu man ACE ge ne har bors an in ser ti on (I)
/ de le ti on (D) poly morp hism. The D/D ge noty pe is as so -
ci a ted with high plas ma le vels of ACE le a ding to in cre -
a sed an gi o ten sin II con cen tra ti ons. This is ref lec ted in
hig her ge ne tic pre dis po si ti on for hyper ten si on. This ge -
noty pe is furt her re gar ded as we ak ge ne tic risk mar ker

AAppoo  llii  ppoopp  rroo  ttee  iinn  AA11 AAPPOO  AA11 GG>>AA  PPooss..  --7755  PPrroo  mmoo  tteerr

Mat rix me tal lop ro te i na se 3 
(Stro mely sin 1)

MMP3
5A>6A Pos.-1171 

Pro mo ter

Pa ra o xo na se 1 PON1 Gln>Arg Co don 192

AAnn  ggii  oo  tteenn  ssiinn  ccoonn  vveerr  ttiinngg  eennzz  yymmee AACCEE IInnss>>DDeell  IInn  ttrroonn  1166

AAppoo  llii  ppoopp  rroo  ttee  iinn  EE AAPPOO  EE CCyyss>>AArrgg  CCoo  ddoonn  111122

AAppoo  llii  ppoopp  rroo  ttee  iinn  EE AAPPOO  EE AArrgg>>CCyyss  CCoo  ddoonn  115588
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for myo car di al in farc ti on. A ho mozy go us ge noty pe for
the va ri ant al le le  D/D has be en as so ci a ted with sig ni fi -
cantly in cre a sed systo lic blo od pres su re and risk of hy-
per ten si on in smo kers. This ge noty pe is al so a we ak
ge ne tic mar ker for ~1.1-fold in cre a sed risk of myo car di -
al in farc ti on. If app li cab le, this ge noty pe wo uld in di ca -
te to gi ve up smo king and to set pre ven ti ve me a su res
aga inst hyper ten si on and car di o vas cu lar di se a se. Ac cor -

ding to a me ta-analy sis from 28 stu di es the D/D ge noty -
pe is furt her as so ci a ted with a ~2-fold hig her risk of left
ven tri cu lar hyper trophy in un tre a ted hyper ten si ve pa ti -
ents. If app li cab le, an (ear li er) phar ma co lo gi cal in ter -
ven ti on in pa ti ents with hyper ten si on sho uld be
eva lu a ted.

An gi o ten si no gen (AGT), the pre cur sor of An gi o -
ten sin I, is anot her key pla yer wit hin the re nin-an gi o -
ten sin-system in car di o vas cu lar ho me os ta sis. Re nin
con verts AGT to an gi o ten sin I, which is furt her al te red
by an gi o ten sin con ver ting enz yme to form an gi o ten sin
II, a po tent va sop res sor. The hu man AGT ge ne har bors
a struc tu ral va ri ant, which al ters Met235 to Thr. Be ca u -
se this va ri ant al le le has be en as so ci a ted with ele va ted
plas ma le vels of AGT, this poly morp hism is sus pec ted to

be a ge ne tic risk mar ker in hyper ten si on. A ho mozy go -
us ge noty pe for the va ri ant al le le,Thr/Thr235 ge noty pe
is as so ci a ted with a mo de ra te ~11% in cre a se of plas ma
AGT, cor res pon ding to a ~1.2-fold in cre a sed risk of hy-
per ten si on. Im por tantly, this ge noty pe al so con fers ge-
ne tic sus cep ti bi lity to preg nancy-in du ced hyper ten si on
(pre ec lamp si a). If ot her risk fac tors for hyper ten si on are
known, this ge noty pe wo uld in di ca te early pre ven ti -
on.

BE TA1-AD RE NER GİC RE CEP TOR GLY>ARG CO DON 389

Be ta1-ad re ner gic re cep tors (B1-ARs) are the pre do mi nant
car di ac re cep tors for no re pi nep hri ne and epi nep hri ne,
rep re sen ting the ma jor mec ha nism by which car di ac out-
put is in cre a sed vi a the sympat he tic ner vo us system. The
hu man B1-ad re ner gic re cep tor is en co ded by the ADRB1
ge ne, which con ta ins a func ti o nal poly morp hism, re sul -
ting in a Gly to Arg chan ge at co don 389. Alt ho ugh
Gly389 is the mi nor al le le, it is re fer red to as the “re fe -
ren ce” re cep tor, whe re as the mo re com mon “va ri an t”,
Arg389, has be en shown to be as so ci a ted with en han ced
re cep tor func ti on. The hu man Arg389 va ri ant has be en
sug ges ted to pre dis po se to he art fa i lu re by hype rac ti ve
sig na ling and to inf lu en ce the the ra pe u tic res pon se to Be -
ta bloc ker tre at ment. This va ri ant is al so re por ted to be
as so ci a ted with hyper ten si on .A ho mozy go us ge noty pe
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