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Colorectal car ci noma is etiopathologically hetero -

genic. It may de velop through a se quence of mu ta tions

lead ing to chro mo some in sta bil ity or be a re sult of de fects

in DNA re pair mech a nisms man i fested by micro satellite

in sta bil ity of vary ing de grees. Colorectal car cinoma can

thus be clas si fied into microsatellite-sta ble (MSS), highly

microsatellite un sta ble (MSI-H) and in ter me di ate low-le -

vel microsatellite un sta ble (MSI-L) groups. Flu o res cent

hy brid iza tion in situ (FISH) is a method of de tect ing spe -

cific se quences of nu cleic ac ids that is based on spe cific

bond ing of a flu o res cent mar ker-associated probe and

spe cific DNA frag ment. The ma te rial con sisted of 146

non-se lected cases of colorectal car ci noma pa tients op er -

ated on at First Chair of Gen eral Sur gery, Collegium

Medicum, Jagiellonian Uni ver sity in Cra cow, Po land. Fol -

low ing a stan dard histo pathological eval u a tion, tis sue

microarrays were pre pared us ing a Tis sue MicroArray

Builder, and FISH was per formed em ploy ing probes spe -

cific for chro mo somes 1, 8, 17 and 18. Microsatellite in sta -

bil ity was eval u ated in frozen ma te rial us ing the PCR

re ac tion with gel and cap il lary elec tro pho re sis. The mean

num ber of sig nals ob tained for chro mo some 1 in the en tire 

ma te rial was 2.06, while the cor re spond ing mean val ues in 

the MSS group equaled 2.07, in the MSI-L group – 2.07,

and in the MSI-H group – 2.01. The mean num ber of sig -

nals for chro mo some 17 in the en tire ma te rial was 2.1, in

the MSS group – 2.11, in the MSI-L group – 2.13, and in

the MSI-H group – 2.01. The num ber of sig nals for chro -

mo some 18 in the en tire ma te rial was 2, in the MSS group

– 2, in the MSI-L group – 2, and in the MSI-H group – 2.

The means num ber of sig nals for chro mo some 8 in the en -

tire ma te rial was 2.07, in the MSS group – 2.08, in the

MSI-L group – 2.01, and in the MSI-H group – 2. These

dif fer ences are not suf fi cient for dis tin guish ing colorectal

car ci noma mo lec u lar forms.

In tro duc tion

Ac cord ing to cur rent opin ions, the pathogenesis of

colorectal car ci noma (CRC) is not uni form. The ma jor ity of

cases are as so ci ated with chro mo somal in sta bil ity, whereas

some 10–20% of cases are re lated to DNA re pair de fects and 

microsatellite in sta bil ity (MSI). It has been also pro pounded 

that car ci no mas with microsatellite in sta bil ity in some loci

(MSI-low, MSI-L) may be a re sult of the „third path” of

carcinogenesis in the co lon [7, 11]. 

Hy brid iza tion con sists in a spe cific bond ing of a probe

and the search for DNA or RNA frag ments. This method is

used for de tect ing of mRNA for par tic u lar pro teins, vi ral nu -

cleic ac ids, gene lo ca tion in metaphase chro mo somes and

interphase nu clei, quan ti ta tive and struc tural chro mo somal

ab er ra tions and point mu ta tions [4, 10].

Ma te rial and Meth ods

The ma te rial con sisted of non-se lected cases of colorectal

car ci no mas from pa tients op er ated on at First De part ment of

Gen eral Sur gery, Collegium Medicum, Jagiellonian Uni ver -

sity, Cra cow, Po land. Im me di ately af ter op er a tion, sam ples

were trans ferred fresh to Chair of Patho morphology and as -
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sessed grossly. Sec tions were taken from the pe riph eral part of 

tu mors, with ex clu sion of ul cer ated and ne crotic ar eas, and

un in volved in tes ti nal wall. The re sul tant spec i mens were

frozen at –80°C and stored for mo lec u lar anal y sis. The re -

main ing part of the ma te rial was fixed in 10% buf fered for ma -

lin over night. From it, sec tions were taken ac cord ing to the

rou tine pro to col [17]. The sec tions were rou tinely pro cessed

us ing au to matic tis sue pro ces sors (Shandon, Astmoor, UK)

and em bed ded in par af fin. Four µm-thick sec tions stained

with hematoxylin-eosin were pre pared from par af fin blocks

for histopathological as sess ment. The eval u a tion fol lowed

rou tine pro to cols and the stage was de ter mined ac cord ing to

the TNM clas si fi ca tion [1].

Microsatellite anal y sis was per formed ac cord ing to the

pre vi ously pub lished pro to col [9, 12, 18, 19]. Briefly, DNA

was ex tracted from fresh-frozen tu mors and cor re spond ing

non-neo plas tic tis sue (QIAamp DNA Mini Kit, Qiagen

GmbH, Hilden, Ger many), and PCR-am pli fied with a scree -

ning panel of five microsatellite mark ers: APC, p53, BAX,

BATR II and BAT-26. PCR was per formed in 20 µl of the

re ac tion mix ture con tain ing: 2 µl DNA tem plate (100 ng),

2 µl STR buffer (Promega, Mad i son, USA), 0.5 µl of each

primer (10 nM), 1 U Taq poly mer ase (Fermentas Inc., Bur -

lington, Can ada). The ampli cons were electro phoresed on

6% polyacrylamide gel at 50 W for 1.5 h and vi su al ized us -

ing rou tine sil ver stain ing. All the cases dem on strat ing any,

even sin gle, ge netic al ter ations at any marker of the screen -

ing panel were sub jected to fur ther anal y sis with an ex -

tended panel of nine microsatellite mark ers (Microsatellite

In sta bil ity RER/LOH As say Kit, Ap plied Biosystems, Fos -

ter City, USA) and the PCR prod ucts were vi su al ized us ing

cap il lary elec tro pho re sis with an ABI PRISM 310 An a lyzer

(Ap plied Biosystems, Fos ter City, USA). The kit con tains

nine primer sets flank ing micro satellite loci linked to tu -

mor-sup pres sor genes: MSH2 (D2S123), DCC (D18S35),

APC (D5S346). MLH1 (D3S1611), NM23, HPC1

(D1S2883), MET (D7S501), a dinucleotide marker linked

to p53, and a pentanucleotide marker linked to the same

gene. The re sults were an a lyzed by the Genescan and

Genotyper Soft ware (Ap plied Bio systems, Fos ter City,

USA). A lo cus was deemed un sta ble when an electro -

phoregram of a PCR prod uct de rived from the tu mor dif -

fered from that of nor mal match ing tis sue by the pres ence of

at least one new peak with the length cor re spond ing to 2 bp

or 5 bp. A case was in cluded into the MSI-low group when

show ing ge netic in sta bil ity at more than one, but not more

than 40% of loci. The tu mors were clas si fied as MSI-high

when MSI was de tected at 40% or more loci an a lyzed in

a given case. Ad di tion ally, as the lit er a ture strongly sup -

ports the high spec i fic ity of the BAT-26 marker in re spect to 

the MSI-high phe no type, all tu mors with in sta bil ity at

BAT-26 lo cus were in cluded in the MSI-high group. The re -

main ing cases were clas si fied as microsatellite-sta ble

(MSS) car ci no mas. Tu mor al lele show ing at least a 50% re -

duc tion in band/peak in ten sity in com par i son with the cor re -

spond ing band/peak of nor mal mu cosa was as sessed as

LOH.

Hematoxylin-eosin stained sec tions were re viewed and

in each case one sec tion was se lected that con tained rep re -

sen ta tive and well-pre served car ci noma tis sue. Tis sue

microarrays were pre pared from se lected par af fin blocks us -

ing a Tis sue MicroArray Builder (Histopathology Ltd.,

Pecs, Hun gary). The tis sue microarrays con sisted of cyl in -

ders, 2 mm in di am e ter. Three µm thick sec tions were pre -

pared from the par af fin blocks. Flu o res cent hy brid iza tion in

situ was per formed us ing the FISH CEP VYSIS As say kit

(Vysis Inc., Down ers Grove, USA) fol low ing the man u fac -

turer’s in struc tion. Briefly, the sec tions were deparaffinized

and sub se quently treated with 45% for mic acid/0.3 % hy -

dro gen per ox ide so lu tion for 15 min utes, washed in dis tilled 

wa ter, and placed in Pre treat ment So lu tion (Vysis Inc.,

Down ers Grove, USA) for 10 min utes at 80oC, then washed

again in dis tilled wa ter. The slides were pro te ase di gested

for 10 min at 37oC, washed in dis tilled wa ter, air drained and 

de hy drated in se ries of al co hols. Sub se quently, fol low ing

the ad di tion of DAPI so lu tion, the di ges tion qual ity was

con trolled un der a flu o res cence mi cro scope and DAPI was

re moved by rins ing. The hy brid iza tion so lu tion con tained

1 µl of probes, 2 µl of wa ter and 7 µl of CEP Hy brid iza tion

Buffer. The fol low ing probes were used: CEP1 – Spec trum

Or ange and CEP8 – SpectrumGreen, as well as CEP17 –

SpectrumOrange and CEP18 – SpectrumGreen. The aliquot

of 10 µl of probe so lu tion was placed on the sur face of each

prep a ra tion, closed with a cover glass, sealed and dried at

37oC. De na tur ation was car ried out at 85oC for 1 min ute in

MP16 hy brid iza tion de vice (GENOS, £ódŸ, Po land). Hy -

brid iza tion was car ried out at 37oC over night. Fol low ing the 

re moval of seal ant and cover glass, the prep a ra tions were

rinsed in post-hy brid iza tion Wash Buffer (2x so dium salt ci -

trate, 0.3% NP-40, pH 7.0–7.5) at room tem per a ture, and

sub se quently in post-hy brid iza tion Wash Buffer at 73oC for

2 min utes. The prep a ra tions were then air-dried, cov ered

with 10 µl DAPI so lu tion ap plied in drops and closed with

coverslips. The prep a ra tions were stored in the dark at

–20oC and warmed to room tem per a ture for eval u a tion. The

stain ing re sults were eval u ated un der an Axioscop mi cro -

scope us ing a 100× PlanNeofluar lens (Carl Zeiss AG,

Oberkochen, Ger many). For each eval u ated case and each

probe, the au thors counted the num ber of sig nals per cell,

and cal cu lated the fol low ing pa ram e ters:

index1=to tal num ber of sig nals/num ber of hy brid iza tion ex -

per i ments,
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index2=num ber of num ber of hy brid iza tion ex per i ments

with aneuploid num ber of sig nals,

index3=index2/num ber of num ber of hy brid iza tion ex per i -

ments,

The sta tis ti cal anal y sis was per formed us ing the STA -

TISTICA, v. 6.1PL pack age (StatSoft, Inc., Tulsa, USA).

The sig nif i cance level was set to 0.05.

Re sults 

The in ves ti gated ma te rial con sisted of 146 colorectal

car ci no mas orig i nat ing from 62 fe males and 84 males; the

mean age was 64.81 years (SD 10.78). The tu mors were

clas si fied as stage pT1 in six cases, pT2 in 53, pT3 in 79,

and pT4 in eight pa tients. Met a static de pos its in the lymph 

nodes were noted in 62 cases, in volv ing one to three

lymph nodes (pN1) in 35 in di vid u als, and four or more

(pN2) in 49 pa tients. The mean num ber of in ves ti gated

lymph nodes was 20.45 (SD 11.16). The mean num ber of

met a static lymph nodes was 3.95 (SD 6.54). The mean

per cent age of lymph nodes with met a static de pos its was

19.89 (SD 26.81). Re mote metastases at the time of sur -

gery were noted in 17 cases. In 17 pa tients, the pro ce dure

was not mi cro scop i cally rad i cal (pR1). In 80 cases, no

angioinvasion was ob served (pL0V0), in 23 pa tients,

small blood ves sels were in volved (pL1V0), in 23 in di vid -

u als, only large ves sels were in volved (pL0V1), while in

20 pa tients, both small and large ves sels were in volved

(pL1V1). The tu mors were well dif fer en ti ated (G-I) in 36

cases, mod er ately dif fer en ti ated (G-II) in 93, and poorly

dif fer en ti ated (G-III) in 17 pa tients. 

The MSS phe no type was seen in 116 cases, MSI-L in 16,

and MSI-H in 14 pa tients. The MSI-H car ci no mas were more

fre quently sit u ated on the right side (p<0.01); they also more

com monly con tained intratumoral lym pho cytes (p<0.001).

These tu mors con tained more solid and mu cus pro duc ing ar -

eas. The mean num ber of sig nals for chro mo some 1 in the en -

tire ma te rial was 2.06 (SD 0.25), in the MSS group – 2.07

(SD 0.28), in the MSI-L group – 2.07 (SD 0.17), and in the

MSI-H group – 2.01 (SD 0.02). The mean num ber of sig nals

for chro mo some 17 in the en tire ma te rial was 2.1 (SD 0.26), in 

the MSS group – 2.11 (SD 0.27), in the MSI-L group – 2.13

(SD 0.27), and in the MSI-H group – 2.01 (SD 0.03). The

mean num ber of sig nals for chro mo some 18 in the en tire ma -

te rial was 2 (SD 0.17), in the MSS group – 2 (SD 0.19), in the

MSI-L group – 2 (SD 0), and in the MSI-H group – 2 (SD 0).

The mean num ber of sig nals for chro mo some 8 in the en tire

ma te rial was 2.07 (SD 0.23), in the MSS group – 2.08

(SD 0.26), in the MSI-L group – 2.01 (SD 0.03), and in the

MSI-H group – 2 (SD 0.02). The mean Index1 value in the en -

tire ma te rial was 2.05 (SD 0.16), in the MSS group – 2.06

(SD 0.18), in the MSI-L group – 2.05 (SD 0.08), and in the

MSI-H group – 1.98 (SD 0.07). The mean value of Index2 in

the en tire ma te rial was 1.87 (SD 2.37), in the MSS group – 1.8 

(SD 2.3), in the MSI-L group – 2.31 (SD 2.68), and in the

MSI-H group – 1.93 (SD 2.67). The mean Index3 value in the

en tire ma te rial was 1.18 (SD 1.09), in the MSS group – 1.21

(SD 1.08), in the MSI-L group – 1.2 (SD 1.09), and in the

MSI-H group – 0.89 (SD 1.17). Dif fer ences be tween FISH re -

sults in MSS, MSI-L and MSI-H car ci no mas were, nev er the -

less, sta tis ti cally non-sig nif i cant.

Dis cus sion 

Hy brid iza tion in situ is a cytochemical tech nique that

al lows for de tect ing a sin gle gene or its frag ment in the

chromatin, or its spe cific ex pres sion at the site of its nat u ral

oc cur rence. The pro cess of hy brid iza tion con sists in form -

ing spe cific bonds be tween pu rine and py rim i dine bases of

the probe and in ves ti gated nu cleic acid. The probe is a spe -

cific DNA or RNA frag ment cou pled with an ap pro pri ate

de tec tion sys tem [4, 10]. The method is used for ex am ple in

en do cri nol ogy to de tect mRNA for a given hor mone, in de -

tect ing mRNA for spe cific pro teins, vi ral nu cleic ac ids, in

in ves ti gat ing gene lo ca tion in metaphase genes and

interphase nu clei and in de tect ing quan ti ta tive and struc tural 

chro mo somal ab er ra tions and some point mu ta tions [4, 10].

Probes em ployed in hy brid iza tion are la beled with ra dio ac -

tive and non-ra dio ac tive mark ers. The lat ter group in cludes

di rect la bel ing with such mark ers as for ex am ple

fluorochromes, or in di rect de tec tion us ing haptens, as well

as en zymes such as peroxidase and al ka line pho sphatase
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Fig. 1. An ex am ple of FISH re sult. Red sig nals are chro mo some 17 probes,

green – chro mo some 18 probes; blue is the DAPI stained chromatin back -

ground. Lens mag ni fi ca tion 100×.



[10]. In the FISH method, probes are la beled with fluoro -

chromes, such as fluorescein, rhodamine, resurfin, hydro -

xycoumarin, and many others [4, 10].

To in crease the per for mance of spe cial stain ing in histo -

pathology, the method of tis sue microarrays may be used. The

tech nique con sists in com bin ing ma te ri als from sev eral cases

into a sin gle par af fin block. Fol low ing the se lec tion of rep re -

sen ta tive fields for each case, cyl in ders 0.6–2 mm in di am e ter

are cut from orig i nal par af fin block. Sub se quently, the ob -

tained cyl in ders are placed in a pre vi ously pre pared, new par -

af fin block. The po si tion of each cyl in der is to be re corded.

Histological sec tions may be pre pared from the thus ob tained

tis sue microarray. This al lows for per form ing any re ac tions

and spe cial stain ing pro ce dures, es pe cially immuno histo -

chemical, as well as for us ing the FISH tech nique. Thus, the

la bor ex pen di ture is de creased, sim i larly as is the cost of re -

agents. The last fea ture is es pe cially at trac tive then us ing the

ex pen sive FISH method. It is also pos si ble to use the avail able 

ma te rial more spar ingly, since sin gle orig i nal par af fin block

may be source of ma te rial for sev eral tis sue microarrays.

Thanks to this tech nique, in ves ti ga tions of large groups of

cases may be per formed and nu mer ous mark ers may be an a -

lyzed si mul ta neously [8, 14].

Colorectal car ci no mas con sti tute a het er o ge neous group

of tu mors. These in clude fa mil ial can cers, as so ci ated with

such syn dromes as fa mil ial ad eno ma tous polyposis and he -

red i tary nonpolyposis colorectal can cer (HNPCC), as well as

spo radic cases, which con sti tute the ma jor ity [3, 6, 11, 22, 28]. 

With re spect to pathogenesis, two ba sic mech a nisms of

colorectal can cer de vel op ment are pro posed. The first mech a -

nism is anal o gous to that pres ent in ad eno ma tous pol yps and

as so ci ated with chro mo somal in sta bil ity trig ger ing ma jor

anom a lies in the ge nome. Such anom a lies may be man i fest in

clas sic cytogenetic tests as chro mo some mu ta tions. In con se -

quence, car ci no mas with chro mo some in sta bil ity are of ten

DNA-aneuploid. Ooi et al. as sessed the in ci dence of ane uplo -

idy in colorectal car ci no mas as oc cur ring in ap prox i mately

50% of cases [13]. The in ci dence rates of al ter ations in volv ing 

par tic u lar chro mo somes are various. Ob vi ously, the rate de -

pends in a great de gree on the em ployed method of eval u a tion. 

Clas sic cytogenetic meth ods de tect changes in volv ing en tire

chro mo somes, while meth ods as FISH or PCR based de tec -

tion are ca pa ble of de tect ing point mu ta tions, which can not be

oth er wise iden ti fied. In hy brid iza tion stud ies the re sults de -

pend also on the se lec tion of a type of marker. The use of

centromere probes in the pres ent study has been dic tated by

the aim of as sess ing a loss or ad di tion of en tire chro mo somes

rather than eval u a tion of changes within spe cific onco genes,

which may be eas ily tested in a re li able way us ing other meth -

ods. In colorectal car ci noma fre quently en coun tered chro mo -

some changes in clude trisomy of chro mo some 7 (70%) and

monosomy of chro mo some 18 (30%) [13]. Zhou et al. noted

loss of heterozygosity in chro mo some 1 in ap prox i mately 1/3

of spo radic colorectal cases [29]. Praml et al. in ves ti gated nu -

mer ous microsatellite mark ers sit u ated at 1p and es ti mated the

in ci dence of mu ta tions as more than 80% [16]. De le tions in

chro mo some 18 may oc cur in 3/4 of colorectal car ci no mas

[25], while Sasaki [20] quotes the in ci dence of such de le tions

as 1/3 of cases. Ooi et al. found monosomy of chro mo some 18 

only in a sin gle case of the 26 in ves ti gated us ing the FISH

method [13]. Vogelstein as sessed the in ci dence of de le tions at

17p as ap prox i mately 75% [25], while by FISH, the in ci dence

rate of changes in chro mo some 17 may be be low 50% [21].

The ap pear ance of chro mo some ab nor mal i ties is a re flec tion

of se ri ous im pair ment of cell di vi sion con trol mech a nisms.

The in ac ti va tion of re pair mech a nisms fa cil i tates the oc cur -

rence of the car ci no ma tous phe no type. Changes in spe cific re -

gions of the ge nome are also as so ci ated with de le tion or

am pli fi ca tion of spe cific genes. Thus, the gene en cod ing p53

pro tein is sit u ated within 17p lo cus [2], while DCC is lo cated

on chromosome 18 [24].

The other path of colorectal car ci noma de vel op ment is

as so ci ated with a more sub tle ge nome in sta bil ity, which is

ex pressed by al ter ations in volv ing short, re pet i tive se -

quences, es pe cially microsatellite DNA [5, 11]. Changes of

this type do not in volve any ma jor ar eas within the ge nome

and, there fore, their pres ence may be de tected solely by mo -

lec u lar meth ods, chiefly based on PCR. Thus, car ci no mas

with microsatellite in sta bil ity are in the ma jor ity of cases

DNA-euploid. When com pared to car ci no mas with chro mo -

some in sta bil ity, tu mors with microsatellite in sta bil ity are

char ac ter ized by their more prox i mal lo ca tion, more fre -

quent oc cur rence of lower de grees of dif fer en ti a tion and

mu cus gen er a tion, as well as the pres ence of nu mer ous lym -

pho cytes that in fil trate the tu mor [5, 22, 28]. In ad di tion to

these two well-known cat e go ries, there are colorectal car ci -

no mas with microsatellite in sta bil ity de tect able on some

loci only; tu mors of this type are char ac ter ized by changes

de tected in less than 40% of the ex am ined microsatellite

loci. The group has been termed “MSI-L”, al though its place 

in the clas si fi ca tion re mains un clear [15, 23, 27]. The DNA

repair systems involved appear to be distinct [26].

It can be con cluded that colorectal car ci no mas with var -

i ous de grees of microsatellite in sta bil ity show some dif fer -

ences in chro mo somal counts ob tained by the FISH method, 

but these are not suf fi cient for dis tin guish ing car ci noma

cate gories. 
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