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Sus cep ti bil ity to colorectal can cer ap pears to be

linked to germ-line mu ta tions in genes caus ing var i ous

fa mil ial can cer syn dromes. The ob jec tives of this study

were to de ter mine microsatellite in sta bil ity and the fre -

quency of BRCA1 germ-line mu ta tions in pa tients with

fam ily his tory of can cer. The study pop u la tion con sisted

of 30 pa tients from HNPCC fam ily. Pa tients com pleted

a family his tory ques tion naire and pro vided blood for

mu ta tion anal y sis. Seven out of 30 in ves ti gated sam ples

(23%) were found to be MSI-pos i tive, 6 MSI-high and

1 MSI-low. Ex20insC and ExII17delA mu ta tions of

BRCA1 gene were iden ti fied in MSI-pos i tive sam ples

from HNPCC fam i lies. In the pres ent study one

Ex20insC mu ta tion and two ExII17delA mu ta tions were 

de tected only in MSI-high sam ples. Ge netic al ter ations

seem to be a risk fac tor of colorectal can cer in sub jects

be longing to HNPCC fam i lies with high in ci dence of this

can cer. The lack of de tect able germ-line mu ta tions in

most cases sug gests that there are prob a bly ad di tional,

as yet un iden ti fied genes pre dis pos ing to this dis ease.

In tro duc tion

He red i tary Nonpolyposis Colorectal Can cer (HNPCC) is

one of the most com mon ge netic dis eases in the West ern

world [15, 16]. HNPCC is of ten di vided into two sub groups,

type I Lynch syn drome and type II Lynch syn drome. In di vid -

u als with type I Lynch syn drome have a he red i tary pre dis po si -

tion to colorectal can cer that is dis tin guish able from spo radic

colorectal can cer; the car ci no mas in type I Lynch syn drome

are of ten ob served in the prox i mal co lon. In fam i lies with type

II Lynch syn drome, pa tients have an in creased risk for can cers 

in cer tain tis sues such as the uterus, ovary, breast, stom ach,

skin and lar ynx in ad di tion to the co lon [4, 11].

HNPCC is a dom i nantly in her ited ten dency to form can -

cers in the co lon and rec tum, and some times in the other or -

gans, at a young age. This ten dency is due to a de fect in DNA

re pair ca pac ity that re sults from a mu ta tion in one of the genes

cod ing for DNA re pair en zymes [20, 25]. Such mu ta tions pro -

duce un sta ble DNA, which is then more li a ble to ac cu mu late

the other ge netic changes that pro mote carcinogenesis. The ef -

fect of these ge netic ab nor mal i ties is to pro duce the clin i cal

pic ture (phe no type) of HNPCC [14, 23].

Microsatellite in sta bil ity (MSI) seems to be im por tant

in the de vel op ment of var i ous hu man can cers and was first

de tected in tu mors from pa tients with HNPCC [17, 20, 26].

The dys func tion of the DNA mis match re pair (MMR) sys -

tem causes ge netic in sta bil ity, and this in sta bil ity has been

dem on strated in tu mors of HNPCC pa tients as fre quent al -

ter ations at loci con tain ing short, re pet i tive se quences, re -

ferred to as microsatellite in sta bil ity and or rep li ca tion

er rors [1, 2, 10]. 

A to tal of 85–90% of HNPCC pa tients show MSI [1, 2,

18], and this pro por tion is even higher in mu ta tion-pos i tive

fam i lies, whereas only 10–15% of spo radic colorectal tu mors

do so [5, 27]. 

The aim of this study was to in ves ti gate whether the

pres ence of MSI and BRCA1 gene mu ta tions in mem bers

from HNPCC fam ily with high in ci dence of colorectal can -

cer may be a risk fac tor of this can cer ap pear ance. Stud ies

have shown that he red i tary breast and ovar ian can cer may

be as so ci ated with mu ta tions in a num ber of tu mor sup pres -

sor genes, mainly BRCA1 and BRCA2. Mu ta tions in
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BRCA1 and/or BRCA2 pro foundly in crease the risk of

breast and ovar ian can cers, but it is un clear whether mu ta -

tions in these genes in crease the risk of colorectal can cer. 

This work was per formed to test MSI anal y sis us ing

the Bethesda panel of five mark ers [8]: two mononucleotide

re peats (BAT25 and BAT26) and three dinucleotide re peats

(D2S123, D5S346 and D17S250). Fur ther more, the mu ta -

tions in BRCA1 were sought in all pa tients whose tu mors

were microsatellite in sta bil ity positive. 

Ma te rial and Meth ods

Pa tients and DNA iso la tion

Blood was ob tained from 30 mem bers from HNPCC

fam i lies at Department of Sur gery at the Med i cal Uni ver sity in 

£ódŸ be tween 2003 and 2004 (Ta ble 1). All pa tients were

asked to pro vide a blood sam ple for mu ta tion anal y sis and

com plete a self-ad min is tered fam ily his tory ques tion naire to

doc u ment the cur rent age, age at death, causes of death, and

age at di ag no sis of any can cer and the types of can cer found in

any mem ber of their first-, sec ond-, or third-de gree rel a tives.

There were 16 males and 14 fe males and their mean

age was 42 years (range: 24–80 years). Blood sam ples from

age matched healthy in di vid u als (n=28) served as a con trol.

DNA was ex tracted from blood us ing com mer cially ava -

il able QIAmp Kit (Qiagen GmbH, Hilden, Ger many) DNA

pu ri fi ca tion kit according to man u fac turer’s in struc tion. 

Microsatellite anal y sis

DNA from mem bers from HNPCC fam i lies and cor re -

spond ing con trol DNA were an a lyzed us ing a panel of the

five microsatellite mark ers for mononucleotide and

dinucleotide re peat se quences: BAT25 (at lo cus 4q12),

BAT26 (2p16), D2S123 (2p16-p21), D5S346 (5q21-q22)

and D17S250 (17q11.2-q12) [4]. All primer se quences

were as re ported in Ge nome Da ta Base (GDB, at:

http://www.gdb.org). The PCR cy cles for each marker are

sum ma rized in the Ta ble 2. 

The PCR was car ried out in a Perkin-Elmer/Gene

Amp, PCR Sys tem 2400 ther mal cycler. PCR am pli fi ca -

tion was per formed in a fi nal vol ume of 25µl. The re ac tion 

mix ture con tained 5 ng genomic DNA, 0.2 µmol of each

ap pro pri ate primer (ARK Sci en tific GmbH Biosystems,

Darmstad, Ger many), 2.5 mM MgCl2, 1 mM dNTPs and 1 

unit of Taq Poly mer ase (Qiagen GmbH, Hilden, Ger -

many). PCR prod ucts were frac tion ated by de na tur ing

elec tro pho re sis in a 6% polyacrylamide gel and vi su al ized 

by sil ver stain ing. Pa tients whose DNA showed al leles

that were not pres ent in the cor re spond ing con trol DNA

were clas si fied as MSI-pos i tive.

DNA anal y sis

Mu ta tion anal y sis of BRCA1 gene was per formed in

DNA from pe riph eral blood lym pho cytes ob tained from all

pa tients us ing com mer cially avail able kit according to man -

u fac turer’s in struc tion (Pom er a nian Med i cal Uni ver sity,

Szczecin, Poland) (Fig. 1). 

Sta tis ti cal anal y sis

For sta tis ti cal anal y sis, the χ2 test was per formed,

p<0.05 was con sid ered sig nif i cant.

Re sults 

A sam ple was clas si fied as MSI-high (MSI-H) if two

or more mark ers showed in sta bil ity, MS-sta ble (MSS) if no

in sta bil ity was noted, and MSI-low (MSI-L) if a sin gle

marker re vealed novel bands com pared with the cor re -

spond ing control DNA. 

All the pa tients from HNPCC fam i lies were suc cess -

fully an a lyzed for MSI us ing the Bethesda panel of five

microsatellite mark ers (Ta ble 3). MSI was de ter mined in

the blood from 30 sub jects and 28 con trol sam ples. Seven

out of the 30 cases tested (23%) were found to be

MSI-pos i tive, 6 MSI-high and 1 MSI-low. It can be seen

from the Ta ble 3, that there were sig nif i cant dif fer ences

be tween pa tients and con trol. The pres ence of MSI in pa -

tients from HNPCC fam i lies was higher than in con trol

sam ples (p<0.05). 

Mu ta tion anal y sis of BRCA1 gene was per formed in

mem bers from HNPCC fam i lies. In the group of 30 sam -

ples three mu ta tions were found. These were: one

Ex20insC mu ta tion and two ExII17delA mu ta tions of the

BRCA1 gene. The sam ples with these mu ta tions were

MSI-high (Ta ble 1).

Dis cus sion

He red i tary Nonpolyposis Colorectal Can cer is an

autosomal dom i nant dis or der clin i cally de fined by the re -

vised Am ster dam cri te ria [27]. In HNPCC sub jects the me -

dian age at de vel op ment of colorectal can cer is ca. 44–47

years. Pre dis po si tion to HNPCC is a re sult of germ-line mu -

ta tions in the mis match repair genes [7, 16, 22].

The num ber of genes in volved in HNPCC and the

num ber of pos si ble mu ta tions in those genes make DNA

anal y sis for mu ta tion de tec tion a time-con sum ing and ex -

pen sive pro cess. Re port edly, af fected mem bers in

HNPCC fam i lies have in her ited a mu tated al lele of ei ther

one of the five mis match re pair genes, MSH2 [6], MLH1
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TABLE 1
The re sults of MSI and BRCA1 mu ta tion anal y sis in 30 pa tients from HNPCC fam ily

Patient 

No

Age at

diagnosis
Family history of cancers

MSI

markers

positive

MSI

classification

BRCA1

Ex20insC

BRCA1

ExII17delA

 1. 29

father prostate, two paternal sisters breast and ovarian

cancer,  paternal grandfather prostate, paternal grandmother

lung cancer, mother colon cancer, maternal sister colon

cancer

5/5 MSI-H + -

 2. 44
paternal brother lung cancer, maternal brother colon cancer, 

maternal grandfather colon cancer 
0/5 MSS - -

 3. 46

paternal sister breast cancer, paternal grandfather colon

cancer, paternal grandmother colon cancer, maternal brother 

colon cancer

0/5 MSS - -

 4. 51
paternal brother lung cancer, maternal brother colon cancer, 

maternal grandfather colon cancer
0/5 MSS - -

 5. 54

mother colon cancer, maternal sisters colon cancer,

maternal grandfather prostate,  maternal grandmother colon 

cancer

0/5 MSS - -

 6. 48
mother colon cancer, maternal brother brain tumor, maternal 

grandfather colon cancer
0/5 MSS - -

 7. 51
brother colon cancer, father colon cancer, paternal brother

colon cancer, paternal grandmother colon cancer
4/5 MSI-H - +

 8. 55
father colon cancer, paternal brother colon cancer, paternal

grandmother colon cancer
3/5 MSI-H - -

 9. 36
mother colon cancer, maternal grandmother breast cancer,

maternal great-grandmother colon cancer
0/5 MSS - -

10. 24
maternal brother colon cancer, maternal grandmother colon

cancer
0/5 MSS - -

11. 29
paternal brother colon cancer, paternal gran dmo ther colon

cancer, maternal grandmother brain tumor
0/5 MSS - -

12. 24 father colon cancer, paternal grandmother colon cancer 2/5 MSI-H - -

13. 52

two brothers colon cancer, mother colon cancer, maternal

sister colon cancer, maternal grandfather prostate, maternal

grandmother colon cancer

0/5 MSS - -

14. 48

brother colon cancer, mother colon cancer, maternal sister

colon cancer, maternal grandfather prostate, maternal

grandmother colon cancer

0/5 MSS - -

15. 24

father colon cancer, paternal grandfather colon cancer,

maternal brother colon cancer, maternal grandmother colon

cancer

2/5 MSI-H - +

16. 46
brother colon cancer, mother colon cancer, maternal brother 

colon cancer, maternal grandmother colon cancer
1/5 MSI-L - -

17. 25 father colon cancer, paternal grandmother colon cancer 0/5 MSS - -

18. 48
mother colon cancer, maternal brother colon cancer,

maternal grandmother colon cancer
0/5 MSS - -

19. 46
sisters breast cancer, mother renal cancer, maternal sister

colon cancer, maternal grandfather colon cancer
0/5 MSS - -

20. 48
father colon cancer, paternal brother colon cancer, paternal

sister colon cancer,  maternal grandfather lung cancer
0/5 MSS - -

21. 26
paternal grandfather colon cancer, maternal grandmother

colon cancer
0/5 MSS - -
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22. 60
sister breast cancer, mother ovarian cancer, maternal sister

ovarian cancer, daughter colon cancer
0/5 MSS - -

23. 36
mother colon cancer, maternal brother bone, maternal sister

colon cancer
0/5 MSS - -

24. 26
father colon cancer, paternal grandfather colon cancer,

maternal sister breast cancer
0/5 MSS - -

25. 55 brother colon cancer, father colon cancer 0/5 MSS - -

26. 46 brother colon cancer, father colon cancer 2/5 MSI-H - -

27. 26
paternal brother colon cancer, paternal grandfather colon

cancer
0/5 MSS - -

28. 80
brother colon cancer, father colon cancer, paternal brother

colon cancer, paternal sister leukemia
0/5 MSS - -

29. 39 mother colon cancer, maternal sister colon cancer 0/5 MSS - -

30. 46
sisters breast cancer, mother colon cancer, maternal sister

colon cancer, maternal grandfather colon cancer
0/5 MSS - -

MSI-H - MSI-high; MSS - MS-sta ble; MSI-L - MSI-low 

TABLE 2 
Primer se quences

Marker Primer se quences PCR cycles

BAT25
 TCG CCT CCA AGA ATG TAA GT

 TCT GGA TTT TAA CTA TGG CTC
28 cy cles of 95°C for 1min, 56°C for 45s, 72°C for 45s

BAT26
 TGA CTA CTT TTG ACT TCA GCC

 AAC CAT TCA ACA TTT TTA ACC
32 cy cles of 95°C for 45s, 55°C for 1min, 72°C for 30s

D2S123
 AAA CAG GAT GCC TGC CTT TA

 GGA CTT TCC ACC TAT GGG AC
35 cy cles of 95°C for 45s, 55°C for 45s, 72°C for 45s

D5S346
 ACT CAC TCT AGT GAT AAA TCG GG

 AGC AGA TAA GAC AAG TAT TAC TAG
30 cy cles of 95°C for 1min, 57°C for 45s, 72°C for 45s

D17S250
 GGA AGA ATC AAA TAG ACA AT

 GCT GGC CAT ATA TAT ATT TAA ACC
35 cy cles of 95°C for 45s, 55°C for 45s, 72°C for 45s

TABLE 3
Num ber of microsatellite in sta bil ity cases in HNPCC fam ily com pared to con trol

Subjects from HNPCC families (n=30)

MSI with the Bethesda markers

0 positive markers 1 positive marker 2 positive markers 3 positive markers 4 positive markers 5 positive markers

n=23 n=1 n=3 n=1 n=1 n=1

Control (n=28)

MSI with the Bethesda markers

0 positive markers 1 positive marker 2 positive markers 3 positive markers 4 positive markers 5 positive markers

n=25 n=2 n=1 No No No



[19], PMS1 [3], PMS2 [3] and MSH6 [13]. Al though the

pro por tion of HNPCC at trib ut able to each of these genes

re mains un clear, mu ta tion of MLH1 or MSH2 gene is con -

sid ered to be the most com mon cause; each ac counts for

30–40% of germ-line mu ta tions so far re ported in HNPCC 

fam i lies [8, 9, 23, 24]. 

In the light of sub stan tial ev i dence, that the ap pear -

ance of co lon can cer can be as so ci ated with MSI it seems

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

high risk of colorectal can cer in pa tients from HNPCC fam -

ily. In this work in clud ing 30 mem bers from HNPCC fam ily 

with high in ci dence of co lon can cer we found a cor re la tion

be tween microsatellite in sta bil ity and the risk of colorectal

cancer development.

In an at tempt to de ter mine if pa tients from HNPCC

fam ily pres ent with MSI, genomic DNA was ex tracted

from the con trols and pa tients’ blood di ag nosed at the

Department of Sur gery, Med i cal Uni ver sity in £ódŸ. In

this study a ref er ence panel of five poly mor phic mark ers

(two mononucleotide re peats and three dinucleotide re -

peats) was used.

In the group of 30 mem bers from HNPCC fam ily,

microsatellite in sta bil ity was found in 7 (23%). These 7 cases

plus 23 other sub jects whose tu mors were MSI-neg a tive were

stud ied for BRCA1 germ-line mu ta tions. Germ-line mu ta tion

in BRCA1 was found in three cases. These mu ta tions in mem -

bers from HNPCC fam i lies with high in ci dence of co lon can -

cer sug gested their po ten tial role in the de vel op ment of this

can cer. A lack of de tect able germ-line mu ta tions in most cases 

sug gests that there are prob a bly ad di tional, as yet un iden ti fied

genes pre dis pos ing to this dis ease.

More over, the anal y sis showed that MSI occur more

fre quently in mem bers from HNPCC fam ily with high fre -

quency of co lon can cer as com pared to con trol. It sug gests

that MSI may be as so ci ated with high risk of co lon can cer in 

mem bers from these families. 

In the pres ent work we con firm pre vi ous ob ser va tions

[14, 12, 21], that in the pa tients with HNPCC the high fre -

quency of MSI is ob served. 

The pres ent study sug gests that MSI seems to be as so ci -

ated with dif fer ent tumorigenic path ways. The ge nome-wide

MSI may be cor re lated to the ex is tence of pathogenetic mech -

a nisms in duc ing pro gres sive ac cu mu la tion of se quence er rors

and pro vid ing a se lec tive ad van tage dur ing ma lig nant evo lu -

tion. More over, a re la tion be tween the pres ence of BRCA1

mu ta tions and MSI in mem bers from HNPCC fam ily pro vides 

a mo tive for the use of microsatellite in sta bil ity in these cases

as a pre-screen ing method for de tec tion of a group with high

risk of co lon can cer de vel op ment. Fur ther stud ies, con ducted

on a larger pop u la tion, are re quired to clar ify this point. 
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