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Alpha-Methylacyl-CoA Racemase
Expression in Invasive and Non-Invasive

Bladder Urothelial Carcinomas

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: α-meth ylacyl-Co A ra ce ma se (AMACR) is a use ful di ag nos tic mar ker for pro-
s ta tic ade no car ci no ma with a high sen si ti vity and spe ci fi city. Alt ho ugh ori gi nally vi e wed as a mar ker
pre fe ren ti ally ex pres sed in pros ta tic car ci no ma, furt her stu di es sho wed its ex pres si on in ot her tu mors.
The aim of this study is to exp lo re the pat ho lo gic sig ni fi can ce of AMACR ex pres si on in non-in va si ve
and in va si ve urot he li al car ci no mas (UCs) of the blad der. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: A to tal of 160 UCs of
the blad der and 77 ad ja cent tis su es with car ci no ma in si tu we re in ves ti ga ted for AMACR ex pres si on
im mu no his toc he mi cally. Po si ti ve AMACR ex pres si on was de fi ned as cytop las mic sta i ning with gra -
nu lar pat tern. Sta i ning in ten sity was gra ded as 0 (ne ga ti ve), 1+ (we ak), 2+ (mo de ra te), or 3+ (strong).
Po si ti vity was furt her clas si fi ed as fo cal or dif fu se. RRee  ssuullttss:: Non-ne op las tic urot he li um re ve a led no
ex pres si on of AMACR. The re was a sta tis ti cally sig ni fi cant po si ti ve cor re la ti on bet we en AMACR ex-
pres si on and gra de (p = 0.021). AMACR ex pres si on was sig ni fi cantly hig her in high-gra de UCs than
low-gra de ones. AMACR ex pres si on was al so cor re la ted with the sta ge which was sig ni fi cantly hig -
her in in va si ve tu mors (p < 0.001). Although non sig ni fi cant, dif fu se sta i ning was pro mi nent in high
gra de tu mors. CCoonncc  lluu  ssii  oonn:: In the pre sent study, AMACR was fo und to be ex pres sed in a sig ni fi cant
num ber of urot he li al car ci no mas of the blad der. AMACR ex pres si on was shown to be cor re la ted with
ad van ced tu mor gra de and sta ge. Our da ta sug gest that AMACR ex pres si on may be used as an ad di ti -
o nal prog nos tic in di ca tor in urot he li al car ci no mas. Eva lu a ti on of AMACR ex pres si on may al so be use-
ful in de ter mi ning the ag gres si ve ca pa city of the se tu mors in tran su ret hral re sec ti on spe ci mens.

KKeeyy  WWoorrddss::  Uri nary blad der ne op lasms; car ci no ma, tran si ti o nal cell; alp ha-meth ylacyl-co a ra ce ma se

ÖÖZZEETT  AAmmaaçç:: α al fa me ta la sil Co A ra se maz (AMACR) pros ta te ade no kar si no mu için yük sek sen si ti -
vi te ve spe si fi si te ye sa hip ya rar lı bir ta nı sal be lir le yi ci dir. İlk baş lar da baş lı ca pros tat kar si no ma la rın -
da eks pre se edi len bir be lir le yi ci ola rak gö rül müş se de, son ra ki ça lış ma lar di ğer tü mör ler de
eks pres yo nu nu gös ter miş tir. Bu ça lış ma nın ama cı AMACR eks pres yo nu nun non in va ziv ve in va ziv
me sa ne kan ser le rin de pa to lo jik öne mi ni araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Yüz altmış me sa ne kan-
se ri ve 77 adet kom şu lu ğun da kar si no ma in si tu bu lu nan do ku lar da im mü no his to kim ya sal ola rak
AMACR eks pres yo nu araş tı rıl dı. Po zi tif AMACR eks pres yo nu gra nü ler pa tern li si top laz mik bo yan -
ma ola rak ta nım lan dı. Bo yan ma yo ğun lu ğu 0 (ne ga tif), 1+ (za yıf), 2+ (or ta), or 3+ (güç lü) ola rak de re-
ce len di ril di. Bo yan ma da ha son ra dif füz ve fo kal ola rak sı nıf lan dı rıl dı. BBuullgguullaarr:: Ne op las tik ol ma yan
üro tel yum da AMACR eks pres yo nu iz len me di. AMACR eks pres yo nu ve de re ce ara sın da is ta tik sel ola-
rak po zi tif ko re las yon var dı (p= 0.021). AMACR eks pres yo nu yük sek de re ce li üro te li yal kar si nom -
lar da dü şük de re ce li le re gö re an lam lı öl çü de yük sek ti. AMACR eks pres yo nu in va ziv tü mör ler de
an lam lı ola rak yük sek olan ev re ile de kor re le idi (p< 0.001). An lam lı lı ğı ol ma ma sı na rağ men, dif füz
bo yan ma yük sek de re ce li tü mör ler de be lir gin di. SSoo  nnuuçç:: Bu ça lış ma da, AMACR ’ın üro te li yal me sa ne
kan ser le ri nin an lam lı kıs mın da eks pre se edil di ği bu lun muş tur. Ay rı ca AMACR eks pres yo nu nun tü -
mor de re ce si ve ev re ile de kor re le ol du ğu gös te ril miş tir. Ve ri le ri miz üro te li yal kar si nom lar da AMACR
eks pres yo nun ila ve bir prog nos tik gös ter ge ola rak kul la nı la bi le ce ği ni de dü şün dür mek te dir. Tran sü -
ret ral re zek si yon ör nek le rin de tü mör le rin ag re sif lik ka pa si te si ni sap ta mak için AMACR eks pres yo nun
de ğer len di ril me si ya rar lı ola bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Me sa ne tü mör le ri; kar si nom, de ği şi ci hüc re li; alp ha-meth ylacyl-co a ra ce ma se 
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he in ci den ce of blad der tu mors has be en in-
cre a sing recently. Urot he li al car ci no ma
(UC) com pri ses ap pro xi ma tely 90% of all

pri mary ma lig nant tu mors of this or gan.1 Cur-
rently, iden ti fi ca ti on of pa ti ents with ag gres si ve UC
and de ter mi na ti on of the ir tre at ment are ma inly
ba sed on the tu mor gra de and sta ge. A number of
tu mor mar kers ha ve be en stu di ed for the ir po ten -
ti al ro le in the prog no sis of UC. Ne vert he less, the -
re is stil a ne ed for bi o mar kers that can iden tify
can cers with a high risk of prog res si on. 

P504S, a cytop las mic pro te in which has be en
iden ti fi ed as hu man α-meth ylacyl-Co A ra ce ma se
(AMACR), is a pe ro xi so mal and mi toc hon dri al en-
z yme that plays an im por tant ro le in the be ta oxi -
da ti on of branc hed-cha in fatty acids and fatty acid
de ri va ti ves.2 This pro te in has be en de tec ted im mu -
no his toc he mi cally in both pros ta tic car ci no ma and
pros ta tic in tra e pit he li al ne op la si a, but not in be-
nign pros ta te tissues. In te res tingly, im mu no his toc -
he mi cal ex pres si on of AMACR has al so be en
de tec ted in a sig ni fi cant pro por ti on of ot her car ci -
no mas. However, stu di es on AMACR ex pres si on in
the ot her car ci nomas are li mi ted un li ke in pros ta -
tic car ci no ma. The aim of this study is to exp lo re
the pat ho lo gic sig ni fi can ce of AMACR ex pres si on
in non-in va si ve and in va si ve UC of the blad der. 

MATHERIAL AND METHODS
A to tal of 237 spe ci mens ob ta i ned from 160 pa ti -
ents (39 fe ma les, 121 ma les) who un der went tran -
su ret hral sur gi cal re sec ti on and di ag no sed as
urot he li al car ci no ma, and 77 ad ja cent tis su es with
car ci no ma in si tu (CIS) bet we en the ye ars 2000 and
2008 we re analy sed and inc lu ded in the study. The
patients who were re ce i ving any the rapy had not
be en inc lu ded in the study. The his to lo gi cal di ag -
no sis of each spe ci men was pro vi ded by stan dard
light mic ros co pic eva lu a ti on of the ro uti nely pro -
ces sed and pa raf fin em bed ded tis su es. The he ma -
toxy lin eo sin (H&E) sta i ned sli des of each ca se
we re ta ken from the pat ho logy arc hi ves and re vi -
e wed by two pat ho lo gists. Gra ding was per for med
ac cor ding to the WHO gra ding system, cor res pon -
ding to the WHO/ISUP con sen sus clas si fi ca ti on.1

TNM clas si fi ca ti on system ba sed on AJCC/UICC

2005 was used for sta ging.3 No nin va si ve pa pil lary
car ci no ma was de fi ned as pTa; flat car ci no ma in si -
tu was de fi ned as pTis; tu mor in va ding su be pit he -
li al con nec ti ve tis su e (la mi na prop ri a) was de fi ned
as pT1; tu mor in va ding mus cu la ris prop ri a (det ru -
sor musc le) was de fi ned as pT2. Sta ging was ba sed
on the in for ma ti on at the ti me of di ag no sis.

IM MU NO HIS TOC HE MISTRY

Im mu no his toc he mi cal sta ining was per for med on
for ma lin-fi xed and pa raf fin-em bed ded sec ti ons.
The tissue block that represented tu mor tis su e the
best was cho sen for each ca se and 5 µm sec ti ons
we re ta ken to poly-L lysin co a ted sli des for im mu -
nu his toc he mi cal sta i ning. Stan dard strep ta vi din bi-
o tin im mun pe ro xi da se met hod was used for
im mu nos ta i ning. The tis su e sec ti ons we re de pa raf -
fi ned, and an ti gen ret ri e val con di ti ons inc lu ded
0.1M cit ra te buf fer (pH 6.0) in an 800-W mic ro -
wa ve oven for 15 mi nu tes. The sec ti ons we re in cu -
ba ted in 3% hydro gen pe ro xi da se to qu ench
en do ge no us tis su e pe ro xi da se for five mi nu tes. The
tis su e sec ti ons we re then in cu ba ted with a mo noc -
lo nal an ti body aga inst p504s/AMACR for 60 mi n-
u tes at ro om tem pe ra tu re (E 4401, Spring, Fre mont,
CA, Bi os ci en ce). Im mu no his toc he mi cal re ac ti ons
we re de ve lo ped with di a mi no ben zi di ne as the
chro mo ge nic pe ro xi da se subs tra te, and sli des we re
co un ters tained with he ma toxy lin. Pros ta tic car ci -
no ma ser ved as the po si ti ve con trol. Po si ti ve sig nal
sta i ned brown. Ne ga ti ve con trols inc lu ded omis si -
on of the pri mary an ti body. No po si ti ve sta i ning
was fo und in the ne ga ti ve con trol sli des. 

AS SESS MENT OF IM MU NO HIS TOC HE MI CAL STA I NING

Po si ti ve AMACR ex pres si on was de fi ned as cytop -
las mic sta i ning with eit her a fi nely stipp led or co -
ar sely gra nu lar pat tern. Sta i ning in ten sity was
gra ded as 0 (ne ga ti ve), 1 + (we ak), 2 + (mo de ra te),
or 3 + (strong).4 Po si ti vity was furt her di vi ded in to
fo cal (5% – 50% po si ti ve cells) and dif fu se (> 50%
po si ti ve cells).5

STA TIS TI CAL ANALY SIS

Da ta we re analy zed by com pu ter soft wa re SPSS for
Win dows 10.0. A p va lu e < 0.05 was con si de red as
sta tis ti cally sig ni fi cant. Im mu no his toc he mi cal sco -
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res we re com pa red with tu mor gra de and sta ge
using Ken dall’s ta u-b and Spe ar man cor re la ti on
tests, res pec ti vely.

RESULTS
The cli ni co pat ho lo gic fe a tu res of the pa ti ents a re
shown in Tab le 1. The me di an age of the pa ti ents
was 72 (ran ge, 31-92) ye ars. Sta ge pTa was pre sent
in 26 (11%), pTis in 77 (32.5%), pT1 in 102 (43%),
and pT2 in 32 (13.5%) ca ses. The re we re 70 (43.8%)
low-gra de and 90 (56.3%) high-gra de ca ses among
160 UC spe ci mens. Among 237 tu mor samp les in-
c lu ded in the fi nal analy sis, dis tinct cytop las mic
AMACR sta i ning was de tec ted in 151 (63.7%) of
the ca ses (Fi gu re 1a-d). Non-ne op las tic urot he li um
re ve a led no ex pres si on of AMACR. Sixty-ni ne ca -
ses (45.7%) had only fo cal sta i ning whe re as 82
(54.3%) sho wed dif fu se sta i ning. Alt ho ugh sta tis ti -
cally non sig ni fi cant, dif fu se sta i ning was mo re pro -
mi nent in high gra de tu mors (Fi gu re 2). The re was
a sta tis ti cally sig ni fi cant po si ti ve cor re la ti on among
AMACR ex pres si ons in terms of gra de (Tab le 2, Fi -
gu re 3). The fre qu ency of AMACR ex pres si on was
sig ni fi cantly hig her in high-gra de UCs than the
low-gra de ones (p = 0.021). AMACR ex pres si on was
al so cor re la ted with the sta ge (Tab le 3, Fi gu re 4). The
fre qu ency of AMACR ex pres si on was sig ni fi cantly
hig her in in va si ve tu mors (p < 0.001). 

DISCUSSION
AMACR has be en ex ten si vely investigated in pro-
s ta tic car ci no ma and has be en es tab lis hed as a va -
lu ab le di ag nos tic mar ker for pros ta te ade no car-
ci no ma with a high sen si ti vity and spe ci fi city.2,6

Ini ti al stu di es sug ges ted that AMACR was strongly
po si ti ve in 97% to 100% of pros ta te can cers.7-9 Cer-
ta in va ri ants such as fo amy gland, pse u dohy perp -
las tic and at rop hic car ci no mas we re even less
fre qu ently po si ti ve for AMACR ex pres si on, with
60-80% po si ti vity.10,11 Alt ho ugh it was ori gi nally
vi e wed as a mar ker pre fe ren ti ally ex pres sed in pro-
s ta tic car ci no ma, furt her stu di es sho wed its ex pres-
si on in ot her tu mors, inc lu ding re nal cell
car ci no ma, in tes ti nal ade no car ci no ma, lung car ci -
no ma, he pa to cel lu lar car ci no ma, en do met ri al car-
ci no ma, bre ast car ci no ma, pan cre a tic car ci no ma,
ne u ro en - doc ri ne tu mors, Ser to li cell tu mor, and
even in ex tra mam mary Pa get di se a se.4,12-20 Li mi ted
num ber of stu di es are ava i lab le des cri bing the ro le
of AMACR in UC.13,21,22 In Ji ang et al.’s13 study, 761
ca ses of dif fe rent tis su es and can cers we re eva lu a -
ted and ove rex pres si on of AMACR was fo und in
31% of UCs, both low-gra de and high-gra de. Be -
ach et al.23 and Zho u et al.14 fo und in the ir stu di es
with small sample sizes (six and fo ur ca ses res pec -
ti vely) that in va si ve UC had at le ast fo cal AMACR
sta i ning. In  the study of Beach et al 23 five of six
(83%) spe ci mens had 2+ sta i ning and one spe ci men
had 1+ sta i ning. In the pre sent study, we re port
that AMACR is ove rex pres sed in 63.7% of the blad-
der UCs. 

Im mu no his toc he mi cally, mo de ra te to strongly
po si ti ve sta i ning with AMACR has be en de mons -
tra ted in a wi de va ri ety of nor mal hu man tis su es,
inc lu ding li ver, kid ney, bre ast, and sa li vary glands,
and be nign le si ons.24,26 We ak, par ti al AMACR sta -
i ning was fo und in 15.9% of be nign pros ta tic
glands, in 4% of fo ci of at rophy.27 Alt ho ugh the
per cen ta ges we re not high, po si ti ve sta i ning for
AMACR was fo und in pros ta tic be nign le si ons in
va ri o us stu di es.28-30 The ex pres si on is oc ca si o nal,
and the le vel of ex pres si on is sig ni fi cantly lo wer
than in the ma lig nant co un ter part. This can ca u se
in ter pre ta ti on prob lems es pe ci ally when the amo -

Age (years)

Median (range) 72 (31-92) 

Sex

Male 121 (75.6%)

Female 39 (24.4%)

Pathologic tumor stage Number of patients (%)

Ta 26 (11%)

Tis 77 (32.5%)

T1 102 (43%)

T2 32 (13.5%)

Noninvasive tumors (Ta+Tis) 103 (43.5%)

Invasive tumors (T1+T2) 134 (56.5%)

Pathological tumor grade

Low grade 70 (43.7%)

High grade 90 (56.3%)

TABLE 1: Clinicopathological features.
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unt of tis su e is li mi ted, as in ne ed le bi op si es.31 The
le vels of AMACR ex pres si on in both be nign and
ma lig nant glands may vary in res pon se to lo cal
chan ges in the con cen tra ti on or me ta bo lism of
branc hed cha in fatty acids. On the ot her hand, in-
cre a sed AMACR ex pres si on in be nign glands may
in di ca te a pre ne op las tic chan ge at a bi oc he mi cal le -
vel. AMACR im mu no re acti vity was al so fo und in a
sig ni fi cant num ber of pre cur sor le si ons such as
high-gra de pros ta tic in tra e pit he li al ne op la si a, duc-
tal car ci no ma in si tu, and co lo nic ade no mas.24,27,32,33

AMACR im mu nos ta i ning dis tin gu is hed nondy s-
plas tic be nign he pa tocy tes from dysplas tic and ma-
lig nant he pa tocy tes, and high gra de dyspla si a from

re ac ti ve aty pi a in Bar ret esop ha gus.34,35 In the pre s-
ent study, nor mal urot he li um did not show po si ti -
ve sta i ning with AMACR as in the pre vi o us stu di es.

FIGURE 1: Immunohistochemical staining for AMACR showing; a. negative immunoreactivity in non-neoplastic urothelium (original magnification, x200), 
b. weak staining in carcinoma in situ (original magnification, x200), c. moderate (original magnification, x200), and d. strong cytoplasmic AMACR immunostain-
ing in UC (anti-AMACR, original magnification, x100).

a b

c d

FIGURE 2: Degree of involvement in terms of tumor grade.
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In the study of Went et al.,20 nor mal urot he li um
was not sta i ned with AMACR, but AMACR ex-
pres si on was fo und in 15% of 41 in va si ve UC and
11% of 44 non-in va si ve UC. AMACR may help us
to dis tin gu ish nor mal from ma lig nant urot he li -
um.

The ro le for AMACR in tu mor dif fe ren ti a ti on
has be en sug ges ted by pre vi o us stu di es on va ri o us

car ci no mas. Li et al.25 did not find a sig ni fi cant cor-
re la ti on bet we en AMACR ex pres si on and gra de in
he pa to cel lu lar car ci no mas. Well-dif fe ren ti a ted
and mo de ra tely-dif fe ren ti a ted co lo nic ade no car ci -
no mas ex pres sed mo de ra te to high le vels of
AMACR pro te in whe re as po orly dif fe ren ti a ted
car ci no mas had a lo wer in ten sity.36 In the study of
Wit ki e wicz  et al.,24 the authors fo und that
AMACR ex pres si on was in ver sely re la ted to the
deg re e of tu mor dif fe ren ti a ti on in bre ast can cer.
They sug ges ted that this in tri gu ing ro le of
AMACR may be tis su e spe ci fic. AMACR ex pres si -
on was fo und mo re li kely as so ci a ted with the early
sta ges of gas tric can cer rather  than ad van ced sta -
ges.5 Gu ni a et al.22 fo und a sig ni fi cant po si ti ve cor-
re la ti on bet we en AMACR ex pres si on and hig her
tu mor gra des in UC. In all 60 ran domly se lec ted
tu mor samp les, cytop las mic ex pres si on of AMACR
was fo und to be evenly dis tri bu ted thro ug ho ut the
en ti re tu mor tis su e in a fa irly ho mo ge ne o us pat-
tern. The re was no fo cal or patchy sta i ning pat-
tern. In the series of Lang ner et al.21 AMACR was
ex pres sed in abo ut 50% of up per uri nary tract tu-
mors with 20% of ca ses sho wing ex ten si ve im mu -
nos ta i ning. Ex ten si ve AMACR ex pres si on was
de tec ted pre do mi nantly in high-sta ge and high-
gra de tu mors. He re in, we de mons tra ted a sig ni fi -
cant as so ci a ti on of AMACR ex pres si on with gra de
and sta ge in tran su ret hral re sec ti on spe ci mens. Al-
tho ugh non sig ni fi cant, dif fu se AMACR ex pres si -
on was no tab le in high gra de UCs. The se re sults
are si mi lar to tho se of pre vi o us stu di es. Strong
AMACR sta i ning may alert us for a hig her tu mor

Negative Weak Moderate Strong p

Low grade 43 40.2% 38 35.5% 21 19.6% 5 4.7% 0.021

High grade 43 33.1% 35 26.9% 33 25.4% 19 14.6%

TABLE 2: Tumor grade and immunohistochemical
staining.

Negative Weak Moderate Strong p

Ta 7 26.9% 11 42.3% 6 23.1% 2 7.7% <0.001

Tis 45 58.4% 25 32.5% 5 6.5% 2 2.6%

T1 25 24.5% 30 29.4% 33 32.4% 14 13.7%

T2 9 28.1% 7 21.9% 10 31.2% 6 18.8%

TABLE 3: Tumor stage and immunohistochemical
staining. 

FIGURE 3: Distribution of immunohistochemical staining scores in terms of
tumor grade.

FIGURE 2: Degree of involvement in terms of tumor grade.

FIGURE 4: Distribution of tumor stage in terms of immunohistochemical stain-
ing scores.



Turkiye Klinikleri J Med Sci 2011;31(2) 333

Medical Pathology Culhacı et al

sta ge, as well as strong and dif fu se sta i ning may re-
f lect a high gra de tu mor. Clo se fol low-up sho uld
be be ne fi ci al when strong AMACR sta i ning of tu-
mors in tran su ret hral sur gi cal re sec ti on ma te ri als
we re ob ser ved in early pe ri ods. Therefore this may
show us that AMACR may be used as an ad di ti o -
nal in di ca tor of un fa vo u rab le prog no sis. Sin ce
blad der can cer has high re cur ren ce ra te and re qu -
i res li fe-long tre at ment, early de tec ti on of the ag-
gres si ve na tu re will al low us to ini ti a te the
ap prop ri a te the rapy.

CONCLUSION

In sum mary, in this study we de mons tra ted that
AMACR was ex pres sed in a sig ni fi cant num ber of
UCs. Its ex pres si on se ems to be as so ci a ted with cer-
ta in pat ho lo gic cha rac te ris tics such as tu mor dif fe -

ren ti a ti on and sta ge. The se re sults in di ca te that the
AMACR ex pres si on may play an im por tant ro le in
urot he li al can cer prog res si on and may be used as
an ad di ti o nal prog nos tic in di ca tor of un fa vo u rab le
prog no sis in UC. Eva lu a ti on of AMACR ex pres si on
might be use ful in de ter mi ning the ag gres si ve ca pa -
city of the se tu mors at an ear li er sta ge. It is not
known yet whet her AMACR co uld act as a fu tu re
se rum or uri nary mar ker for UC. Furt her in ves ti -
ga ti ons may pro vi de new in sights for AMACR in
UC. 
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