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hronic renal failure (CRF) is associated with a high incidence of
cancer.1,2 Lifestyle factors, environmental exposures and genetic
background interact in the development of many cancer types.

Genomic Damage in Patients with
Chronic Renal Failure

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Chro nic re nal fa i lu re (CRF) is as so ci a ted with a high in ci den ce of can cer.
The fre qu en ci es of sis ter chro ma tid exc han ge (SCE) and mic ro nuc le us (MN) in pe rip he ral blo od
lymphocy tes (PBL) is ex ten si vely used as bi o mar kers of chro mo so mal da ma ge and ge no me sta bi lity
in hu man po pu la ti ons. The aim of this study was to de ter mi ne the SCE and MN ra tes of the PBL in
pa ti ents with chro nic re nal fa i lu re (CRF). MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  This study was con duc ted bet -
we en Feb ru ary 2005 and Ju ne 2006 in the Er zu rum Sta te Hos pi tal. We analy zed lymphocy tes from
34 (12 fe ma les and 22 ma les) CRF pa ti ents and 30 (14 fe ma les and 16 ma les) nor mal con trols for SCE
and MN fre qu en ci es. In the pa ti ent gro up, the me an di aly tic age was 3.23 ± 1.56 ye ars (ran ge 1 to
6 ye ars). RRee  ssuullttss::  SCE ra te was sig ni fi cantly in cre a sed in CRF pa ti ents (9.48 ± 1.23) com pa red with
con trols (4.85 ± 0.81) (p< 0.001). Si mi larly, MN in ci den ce was sig ni fi cantly hig her in CRF pa ti ents
(25.82 ± 7.03) com pa red with con trols (12.79 ± 4.62) (p< 0.001). The SCE and MN ra tes po si ti vely
cor re la ted with cre a ti nin le vels (r= 0.906; p< 0.001 and r= 0.534; p<0.01, res pec ti vely). Ho we ver, the
SCE and the MN ra tes did not cor re la te with the blo od le vels of ure a (r= 0.427, p> 0.05 and r= 0.409,
p> 0.05, res pec ti vely). CCoonncc  lluu  ssii  oonn::  Our re sults sug gest that high SCE and MN fre qu en ci es ref lect in-
cre a sed DNA da ma ge in CRF pa ti ents and this may con tri bu te to the in cre a sed in ci den ce of many
chro nic di se a ses in such pa ti ents. 

KKeeyy  WWoorrddss::  Mic ro nuc le us, chro mo so me-de fec ti ve; sis ter chro ma tid exc han ge; renal fa i lu re 

ÖÖZZEETT  AAmmaaçç::  Kro nik böb rek yet mez li ği (KBY) kan ser in si dan sın da ar tı şa ne den olur. Pe ri fe rik kan
len fo sit le ri (PKL)’nde kar deş kro ma tit de ği şi mi (KKD) ve mik ro nük le us (MN) sık lı ğı, in san po pü -
las yon la rın da kro mo zo mal ha sa rın ve ge nom sta bi li te si nin bir gös ter ge si ola rak yay gın kul la nıl -
mak ta dır. Bu ça lış ma da amaç, KBY olan 34 has ta da PKL’de KKD ve MN sık lı ğı nı tes pit et mek tir.
GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma, Şubat 2004 ve Ha zi ran 2006 ta rih le ri ara sın da Er zu rum Dev let
Has ta ne si’n de ya pıl dı. KKD ve MN sık lı ğı için, 34 (12 ka dın ve 22 er kek) KBY has ta sı ve 30 (14 ka -
dın ve 16 er kek) sağ lık lı kon trol in ce len di. Has ta gru bu nun or ta la ma di ya liz sü re si 3.23 ± 1.56 yıl
idi (1-6 yıl). BBuull  gguu  llaarr::  KKD ora nı KBY olan has ta lar da (9.48 ± 1.23) kon trol le re (4.85 ± 0.81) gö re
be lir gin ola rak da ha yük sek ti (p< 0.001). Ben zer şekil de, MN in si dan sı da KBY olan has ta lar da (25.82
± 7.03) kon trol le re (12.79 ± 4.62) gö re ce be lir gin ola rak da ha yük sek ti (p< 0.001). KKD ve MN oran -
la rı ile kre a ti nin dü ze yi po zi tif bir iliş ki ser gi le mek tey di (sı ra sıy la r=0.906; p< 0.001 ve r= 0.534; p<
0.01). An cak, KKD ve MN oran la rı, kan üre se vi ye si ile iliş ki li de ğil di (sı ra sıy la r= 0.427, p> 0.05 ve
r= 0.409, p> 0.05). SSoo  nnuuçç::  El de et ti ği miz bul gu lar, yük sek KKD ve MN sık lı ğı nın, KBY olan has ta -
lar da DNA ha sa rın da ki ar tı şın gös ter ge si ol du ğu nu or ta ya koy mak ta dır; bu bul gu lar, bu has ta lar da
pek çok kro nik has ta lı ğın in si dan sın da ki ar tı şın açık lan ma sı na kat kı sağ la ya bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Mik ro nük le us; de fek tif kro mo zom; kar deş kro ma tid de ği şi mi; böb rek yet mez li ği
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Se ve ral pat ho ge nic mec ha nisms we re sug ges ted
to exp la in this such as mic ro inf lam ma ti on and
oxi da ti ve stress, which in vol ve the who le cell
struc tu re (pro te ins, mem bra ne li pids, car bonhy -
dra tes and DNA).3-5 Gre at in te rest has re cently
be en pa id to oxi da ti ve DNA da ma ge be ca u se of
its ge ne tic con se qu en ces, lin ked to early aging,
ne u ro de ge ne ra ti ve di se a ses, di a be tes mel li tus, 
at he rosc le ro sis, mu ta ge ne sis and car ci no ge ne -
sis.6-8

The ge no me da ma ge in the lymphocy tes of pe-
rip he ral blo od has be en wi dely used as a bi o mar ker
of car ci no ge ne sis from ge no to xic en vi ron men tal
fac tors, and long-term stu di es ha ve de mons tra ted
its va li dity and high cli ni cal pre dic ti vity.9

The SCE phe no me non is wi dely used as a re li -
ab le and sen si ti ve in di ca tor of chro mo so me (DNA)
ins ta bi lity, sin ce the SCE pat terns can re ve al a ge -
ne ral ge no me ins ta bi lity.10 Va ri a ti on in DNA re pa -
ir mec ha nisms or de to xif ying enz ymes ha ve be en
imp li ca ted as the ca u se of ge ne tic sus cep ti bi lity as-
so ci a ted with many chro nic di se a ses.11 SCE in pe-
rip he ral lymphocy tes has be en wi dely used in
as ses sing ex po su re to che mi cals for the ir pos sib le
ge no to xic po ten ti al.12,13

Mic ro nuc le i are DNA-con ta i ning struc tu res,
which are for med du ring mi to sis and re sult from
chro mo so mal bre aks or from who le chro mo so mes
in cor rectly dis tri bu ted du ring mi to sis. They rep re -
sent a sub gro up of all chro mo so mal aber ra ti ons.
The MN fre qu ency test, wi dely ac cep ted for in vit -
ro and in vi vo ge no to xi city in ves ti ga ti ons, is a sen-
si ti ve mar ker of ge no mic da ma ge.14,15

Pa ti ents with CRF and pa ti ents un der go ing
ma in te nan ce di aly sis ha ve an in cre a sed risk of de-
ve lo ping can cer com pa red with the ge ne ral po pu -
la ti on.2 This risk is in cre a sed for se ve ral re a sons,
inc lu ding a we a ke ned im mu ne system, im pa i red
DNA re pa ir mec ha nisms, chro nic in fec ti ons and
inf lam ma ti on, re du ced an ti o xi dant de fen se, and
the ac cu mu la ti on of ure mic to xins.16-19

The ure mic mi li e u, with in cre a sed oxi da ti ve
stress and ure mic to xins, ca u ses se ve re da ma ge to
DNA. This was shown for mi toc hon dri al DNA,
which con ta ins a hig her fre qu ency of de le ti ons

in pa ti ents with CRF than that in con trol sub-
jects.20

In pa ti ents with CRF the pre sen ce of mas si ve
ge no me da ma ge has re pe a tedly be en de mons tra ted
using dif fe rent met ho do lo gi es, inc lu ding the fre qu -
ency of mic ro nuc le i in pe rip he ral blo od lymphocy -
tes (PBL) and the eva lu a ti on of the SCE ra te.21-26

Ho we ver, this kind of ge no me da ma ge in pa ti ents
with CRF is still a con tro ver si al is su e. The re fo re, in
this study, we ai med to con firm, by as ses sing SCE
and mic ro nuc le us (MN) fre qu en ci es, whet her ge ne -
tic im pa ir ment and DNA da ma ge had an ef fect on
the evil prog res si on of chro nic re nal fa i lu re.

MA TE RI AL AND MET HODS
This study was con duc ted bet we en Feb ru ary 2005
and Ju ne 2006 in the Er zu rum Sta te Hos pi tal. We
per for med SCE and MN analy sis in 34 (12 fe ma les
and 22 ma les) pa ti ents with CRF (me an age: 50.05±
17.83 ye ars) and in 30 (14 fe ma les and 16 ma les)
he althy con trols (me an age: 47.21 ± 11.65 ye ars).
We cal cu la ted the samp le si ze with the fol lo wing
for mu la: n= {Nt2s2}¸ {d2 (N-1)+t2s2}; N =150, t =1.96,
s =3, d =1, n =28.24. The age of the pa ti ents ran ged
18-73 ye ars, and the age of the con trols we re 20-
70 ye ars. The pri mary re nal di se a ses we re as fol-
lows: chro nic glo me ru lo nep hri tis (n= 13), di a be tic
nep hro pathy (n= 8), polyc ystic kid ney di se a se (n=2),
pri mary in ters ti ti al nep hri tis (n= 5), and nep hro -
vas cu lar di se a se (n= 6). In the pa ti ent gro up, the me -
an di aly tic age was 3.23 ± 1.56 ye ars (ran ge 1-6
ye ars). All pa ti ents un der went ma in te nan ce he mo -
di aly sis thre e ti mes we ekly and used mul tip le vi ta -
min pre pa ra ti ons. The pa ti ents had not re ce i ved
che mot he rapy or ra di ot he rapy du ring the last 6
months. They we re se lec ted among non-smo king
and no nal co ho lic sub jects. No sub ject had a his tory
of vi ral in fec ti on, bac te ri al in fec ti on and ra di a ti on
ex po su re. The pa ti ent and con trol gro ups we re se-
lec ted for the ir si mi lar ha bits. The hos pi tal Et hi cal
Com mit te e ap pro ved the hu man study. We ob ta i -
ned writ ten in for med con sent from each par ti ci -
pant. All pa ti ents we re analy zed pri or to
he mo di aly sis the rapy. For SCE and MN analy sis, 3
mL of he pa ri ni zed blo od was drawn from each in-
di vi du al.
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SIS TER CHRO MA TID EXC HAN GE ANALY SIS

Cul tu res we re es tab lis hed by ad ding 0.5 mL of blo -
od to 5 mL kar yoty ping me di um (Bi o lo gi cal In dus -
tri es, Be it Ha e mek, Is ra el) with 2%
phyto ha e magg lu ti nin M (PHA) (Bi o lo gi cal In dus -
tri es) and in cu ba ting for 24 h at 37°C. A 5-bro mo-
2’-de ox yu ri di ne (BrdU) (Sig ma, USA) so lu ti on at a
fi nal con cen tra ti on of 5µg/mL was ad ded. Lym-
phocy tes we re cul tu red in the dark for 48 h and
me tap ha ses we re bloc ked du ring the last 2 h with
col ce mid (Bi o lo gi cal In dus tri es) at a fi nal con cen -
tra ti on of 0.1 µg/mL. Furt her pro ces sing inc lu ded
hypo to nic tre at ment, fi xa ti on, sli de pre pa ra ti on
and flu o res ce in plus Gi em sa (FPG) sta i ning for de-
tec ti on of SCE.27 Fifty se cond-di vi si on me tap ha ses
we re sco red on co ded sli des by a sing le ob ser ver as
the num ber of SCE/cell per sub ject. 

MIC RO NUC LE I IN PE RIP HE RAL LYMPHOCY TES

Cul tu res we re es tab lis hed ad ding 0.5 mL blo od to 5
mL kar yoty ping me di um (Bi o lo gi cal In dus tri es)
with 2% PHA (Bi o lo gi cal in dus tri es) and in cu ba -
ting for 44h at 37°C. Cytoc ha la sin B (Sig ma, USA)
was ad ded at a fi nal con cen tra ti on of 6mg/ml to in-
du ce bi nuc le ar cell for ma ti on, and the cul tu re was
kept at 37°C for 72h. The cells we re then tre a ted
hypo to ni cally with 0.0075M KCl for 5 min at ro -
om tem pe ra tu re and we re fi xed in met ha nol/ace -
tic acid (3:1). Cells we re drop ped on to sli des and
we re sta i ned with 5% Gi em sa in phosp ha te buf fer
(pH 6.8) for 5 min. Abo ut 1000 bi nuc le a ted cells
from each ca se we re exa mi ned for mic ro nuc le i by
an ex pe ri en ced ob ser ver.28

STA TIS TI CAL ANALY SIS

The SCE and MN da ta we re analy zed sta tis ti cally
by the Mann-Whit ney U-test. Cre a ti nin, and blo -

od ure a nit ro gen (BUN) le vels we re analy zed sta tis-
ti cally by Stu dent’s t-test. To eva lu a te the cor re la -
ti ons bet we en the du ra ti on of re nal fa i lu re (di aly tic
age), type of re nal di se a se, age, sex, cre a ti nin and
BUN le vels, SCE fre qu ency and MN ra te, the co ef -
fi ci ents of Pe ar son’s cor re la ti on we re cal cu la ted. A
P va lu e less than 0.05 was con si de red sig ni fi cant.
Sta tis ti cal analy sis was per for med with SPSS 11.5
Pac ka ge (SPSS Inc., IL, USA).

RE SULTS
The fre qu en ci es of SCE and MN and the cha rac te -
ris tics of pa ti ents we re shown in Tab le 1. The me -
an SCE/cell fre qu ency in the pa ti ent gro up (9.48 ±
1.23; ran ge 7.65 to 12.40) was sig ni fi cantly hig her
than in the con trol gro up (4.85 ± 0.81; ran ge 3.50
to 6.40) (p< 0.001; Mann-Whit ney U test). Si mi -
larly, the me an MN ra te /1.000 bi nuc le a ted (BN)
cells in the pa ti ent gro up (25.82 ± 7.03; ran ge 12 to
42) was sig ni fi cantly hig her than in the con trol
gro up (12.79 ± 4.62; ran ge 8 to 23) (p< 0.001; Mann-
Whit ney U test). The se rum cre a ti nin and BUN le -
vels we re sum ma ri zed in Tab le 2. The BUN le vels
of the pa ti ents ran ged from 110 to 372 mg/dL (me -
an ± SD =232.2 ± 103.56 mg/dL) and cre a ti nin from
2.31 to 17.6 mg/dL (me an ± SD = 9.56 ± 4.07
mg/dL). Sig ni fi cantly in cre a sed le vels of se rum
cre a ti nin and BUN le vels we re no ted in pa ti ents
with CRF (Stu dent’s t-test). The SCE le vels and
MN fre qu en ci es po si ti vely cor re la ted [r= 0.906; p<
0.001 and r= 0.534; p< 0.01, res pec ti vely Pe ar so n’s
cor re la ti on co ef fi ci ent (r)] with se rum cre a ti nin
con cen tra ti ons. On the ot her hand, the SCE fre-
qu ency did not cor re la te with age, sex, BUN le vel,
type of re nal di se a se or du ra ti on of re nal di se a se
(di aly tic age) (r= 0.012, p> 0.05; r= 0.025,p> 0.05; r=
0.427, p> 0.05; r= 0.138, p> 0.05; r= 0.116, p> 0.05).

Sex Age (years) Dialytic Age (years) SCE MN/1.000 BN

Group F/M Mean ±±  SD Mean ±±  SD Mean ±±  SD Mean ±±  SD

Patients (n= 34) 12/22 50.05 ± 17.83 3.23 ± 1.56 9.48 ± 1.23 25.82 ± 7.03

Controls( n= 30) 14/16 47.21 ± 11.65 - 4.85 ± 0.81 12.79 ± 4.62

P-value - - - p< 0.001 p< 0.001

TABLE 1: Sister chromatid exchange (SCE) and micronucleus (MN) frequencies in lymphocytes of 
chronic renal failure patients and controls.

BN: Binucleated  SCE: Sister chromatid  exchange,  MN: Micronucleus.
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Si mi larly, the MN ra te did not cor re la te with age,
sex, BUN le vel, type of re nal di se a se or du ra ti on of
re nal fa i lu re (di aly tic age) (r= 0.015, p> 0.05; r=
0.042, p> 0.05; r= 0.409, p> 0.05; r= 0.134, p> 0.05;
r= 0.123, p> 0.05).

DIS CUS SI ON
Ex po su re of cells to a va ri ety of ge no to xic and cy-
to to xic agents ha ve the po ten ti al to eli cit pro lon -
ged and dyna mic chan ges that com pro mi se the
sta bi lity of the cel lu lar ge no me.29-31 In re cent stu d-
i es, en han ced ge no mic da ma ge in pe rip he ral blo od
lymphocy tes of ure mic pa ti ents was ob ser ved.8,26

Many of the se chan ges, whet her in du ced di rectly
or in di rectly by DNA da ma ge, le ad to in cre a ses in
ge ne mu ta ti on and amp li fi ca ti on, re du ced clo ning
ef fi ci ency, ele va ted mic ro nuc le i, sis ter chro ma tid
exc han ges, and mul tip le ka ri oty pic ab nor ma li ti -
es.32

Cyto ge ne tic tests ha ve be en wi dely used in
me di ci ne for the as sess ment of a ca u sal as so ci a ti on
bet we en di se a se and cyto ge ne tic da ma ge. SCE, as
an in di ca tor of DNA da ma ge, might ref lect an ins -
ta bi lity of DNA or de fi ci ency of DNA re pa ir. The -
re fo re, it co uld be used to in ves ti ga te any ca u sal
as so ci a ti on bet we en va ri o us di se a ses and any cyto -
ge ne tic da ma ge.33-35

SCE is known to be in cre a sed by ex po su re to
va ri o us ge no to xic ma te ri als, and se ems to ref lect
the re pa ir of DNA le si ons by ho mo lo go us re com -
bi na ti on.36,37 Im por tant so ur ces of ex po su re inc lu -
de di et, ge ne ral en vi ron ment, me di cal ex po su re to
io ni zing ra di a ti on, and in ter nal ge ne ra ti on of ge -
no to xic spe ci es. In ter nal phe no me na such as me ta -
bo lism, er rors of DNA rep li ca ti on, inf lam ma ti on,
and oxi da ti ve stress may be of im por tan ce. Inf lam -

ma tory di se a ses, oxi da ti ve stress, and ra di a ti on ex-
po su re ha ve be en as so ci a ted with the ge ne ra ti on of
clas to ge nic fac tors, which may be qu i te per sis tent,
might play an im por tant part in car ci no ge ne -
sis.38,39

MN is a sen si ti ve in di ca tor of exo ge no usly or
en do ge no usly ca u sed ge ne tic da ma ge and has be-
co me an im por tant end po int in ge no to xi city tes t-
ing both in vi vo and in vit ro.12,40 In cre a sed MN
fre qu en ci es ha ve be en re por ted in the lymphocy tes
of smo kers and chim ney swe eps with ele va ted aro-
ma tic DNA ad ducts and can cer pa ti ents tre a ted
with ir ra di a ti on or ge no to xic che mot he ra pe u -
tics.41-44

Our study, which sho wed in cre a sed fre qu en -
ci es of SCE and MN in lymphocy tes of the CRF pa-
ti ents, co uld sup port the se ob ser va ti ons, sin ce
in duc ti on of chan ges in the DNA that le ad to mu-
ta ti ons may play a ro le in car ci no ge ni city. The SCE
and MN fre qu en ci es in pa ti ents with CRF cor re la -
ted with se rum cre a ti nin con cen tra ti ons. Ho we ver,
the SCE and MN ra tes did not cor re la te with the
blo od le vels of ure a. The se re sults are in li ne with
the im pa i red DNA re pa ir shown pre vi o usly in ure-
mic pa ti ents.25,26,45 As al re ady sta ted in the li te ra tu -
re, end-sta ge re nal di se a se pa ti ents are par ti cu larly
ex po sed to oxi da ti ve da ma ge.3-5,46 In ad di ti on to the
im pa ir ment of DNA re pa ir, the in cre a sed for ma ti -
on of re ac ti ve oxy gen spe ci es (ROS) du e to fre qu ent
chro nic in fec ti ons and/or bi o in com pa ti bi lity re ac -
ti ons with the di aly sis mem bra nes, as well as the
shown re du ced an ti o xi dant de fen se in the se pa ti -
ents, al so may ha ve con tri bu ted to the in cre a sed
chro mo so me da ma ge.47-50

Ure mic to xins by de fi ni ti on are ca pab le of in-
te rac ting with bi o lo gi cal systems and pro du ce a de -
le te ri o us bi o lo gi cal res pon se.51 This con di ti on of
chro nic inf lam ma ti on in the kid ney as well as the
chro nic ure mic sta te may be ref lec ted by a syste -
mic chro nic al te ra ti on of the im mu ne system, eg,
in cre a sed SCE ra te in ure mic pa ti ents, and ele va -
ted MN ra te in pe rip he ral lymphocy tes.25,26,45,52

It is now wi dely ac cep ted that in pa ti ents
with end-sta ge re nal di se a se, im mu no de fi ci ency
and an in cre a sed pre dis po si ti on to can cer de ve -

Creatinine (mg/dL) BUN (mg/dL)

Group Mean ±±  SD Mean ±±  SD

Patients (n= 34) 9.56 ± 4.07 232.2 ± 103.56

Controls (n= 30) 1.02 ± 0.29 21.93 ± 8.17

P-value p<0.01 p<0.01

TABLE 2: Means of serum creatinin and blood urea 
nitrogen (BUN) levels in patients and controls.

BUN: blood  urea  nitrogen.
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lop ment co e xist. Both of the se con di ti ons can be
re la ted to the mu ta ge nic ac ti on of physi cal, che -
mi cal and bi o lo gi cal agents which end-sta ge re -
nal di se a se pa ti ents are ex po sed to be ca u se of the
ina de qu a te cle a ran ce of en do ge no us subs tan ces
and the con tact with ma te ri als inc lu ded in the di -
aly sis cir cu it.43,48-50

In conc lu si on, our re sults sug gest that in cre a -
sed ge no mic ins ta bi lity may be as so ci a ted with
CRF. Thus, the in cre a sed SCE and MN fre qu en ci es
and the im pa i red DNA re pa ir in ure mi a may be re-
la ted to such to xic subs tan ces and may ac co unt for
the hig her in ci den ce of many chro nic di se a ses in
this con di ti on.
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