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Colorectal car ci noma is a fre quent ma lig nant tu mor,

char ac ter ized by vary ing clin i cal course and re sponse to

treat ment. At the mo lec u lar level, colorectal car ci no mas

are di vided into tu mors with chro mo somal in sta bil ity

(microsatellite-sta ble, MSS), microsatellite in sta bil ity

(MSI-H) and low microsatellite in sta bil ity (MSI-L). The

method of tis sue microarrays al lows for com bin ing ma te -

ri als orig i nat ing from mul ti ple pa tients into a sin gle slide,

what makes pos si ble to si mul taneo us ly in ves ti gate large

ma te rial for the pres ence of nu mer ous, di ver si fied mar -

kers. The study ma te rial con si s ted of 208 cases of colo -

rectal car ci noma. Micro satellite in sta bil ity was eval u ated

in frozen ma te rial em ploy ing the PCR re ac tion with gel

and cap il lary elec tro pho re sis. Fol low ing a stan dard histo -

pa tho lo gical as sess ment, tis sue microarrays were pre -

pared us ing a MTA-1 micro arrayer (Beecher) and

stan dard immunohistochemical re ac tions were per -

formed to de tect the pres ence of bcl-2, CDX-2, Ki67,

MLH1, MSH2, MSH6, p16, p53 and survivin. Apoptotic

cells were de tected us ing the TUNEL method. The cor re -

la tions be tween the re ac tions were in ves ti gated and dif fer -

ences in the ex pres sion of the in ves ti gated pro teins noted

in car ci no mas with var i ous de grees of microsatellite in sta -

bil ity. The ag glom er a tion anal y sis showed dif fer ences in

pat terns of expre ssion be tween MSS, MSI-L and MSI-H

car ci no mas. The discriminant func tion anal y sis demon -

stra ted that the MSI-H car ci no mas were best dif fer en ti -

ated by MLH1, survivin and Ki67 ex pres sion, while the

MSI-L tu mors dif fered from the re main ing colorectal car -

ci no mas by their apoptotic in dex, lo cal tu mor stage (pT),

the pres ence of angio invasion and mucin pro duc tion.

In tro duc tion

Colorectal car ci noma is among the most com mon ma -

lig nant tu mors in well-de vel oped coun tries. Its in ci dence in

the United States amounts to 44/100,000/year and in Eu rope 

to 35/100,000/year, with a clearly vis i ble in creas ing ten -

dency [10]. There fore, in or der to im prove the prog no sis, it

is nec es sary to un der stand better the bi ol ogy of the tu mor

and fac tors which de ter mine its ag gres sive ness. The

pathogenesis of colorectal car ci noma is not uni form; in the

ma jor ity of cases, chro mo somal in sta bil ity is ob served,

while 10–20% of cases are as so ci ated with DNA re pair de -

fects and microsatellite in sta bil ity (MSI). A sep a rate group

is said to con sist of car ci no mas with microsatellite in sta bil -

ity in volv ing some loci (MSI-low) [13, 22, 26, 39]. The tis -

sue microarrays tech nique [18] al lows for si mul ta neously

per form ing re ac tions in tis sue spec i mens orig i nat ing from

nu mer ous pa tients, what al lows for in ves ti gat ing the pre -

sence of nu mer ous an ti gens in a large se ries of pa tients.

Ma te rial and Meth ods 

The ma te rial con sisted of un se lected cases of colorectal

car ci noma treated at First Chair and De part ment of Gen eral
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and Gas tro in tes ti nal Sur gery, Collegium Medicum and cases

taken from the ar chives of De part ment of Patho morphology.

Im me di ately af ter re moval, the spec i mens were trans ferred to

the De part ment of Pathomorphology, where gross ex am i na -

tion was done. Ma te rial from the tu mor and un in volved in tes -

ti nal wall was snap-frozen and stored at –80°C for mo lec u lar

stud ies. The re main ing ma te rial was fixed over night in 10%

buf fered for ma lin for histopa thological ex am i na tion. Sec tions 

were taken fol low ing the stan dard pro to col [33]. The sec tions

were pro cessed rou tinely us ing au to matic tis sue pro ces sors

(Shandon, Ast moor, UK), and em bed ded in par af fin. Par af fin

blocks were then cut into 4 µm-thick sec tions and stained with 

hemato xylin-eosin for histopathological as sess ment. The as -

sess ment was per formed fol low ing the rou tine pro to col, 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 [29]. Briefly, DNA was ex -

tracted from fresh-frozen tu mor 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 screen ing 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 Corp., Mad i son, USA), 0.5 µl of each primer

(10nM), 1 U Taq poly mer ase (Fermentas Inc., Burlington,

Ca nada). The amplicons were electrophoresed 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 a 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 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

microsatellite 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 Biosystems,

Fos ter City, USA). A lo cus was deemed un sta ble when an

electrophoregram 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

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 [23].
Hematoxylin-eosin stained prep a ra tions were re viewed

and in each case, a sec tion was se lected that would con tain

rep re sen ta tive and well-pre served tu mor tis sue. The site on

the prep a ra tion that con tained such an area was marked with 

a felt-tip pen. Three tis sue cores were then taken from the

cor re spond ing par af fin block us ing a MTA-1 microarrayer

(Beecher In stru ments Inc., Sun Prai rie, USA) and they were

placed into the ac cep tor block. From it, 3 µm-thick sec tions

were pre pared, deparaffinized and used for immuno -

histochemical re ac tions. These were done by stan dard

method. Briefly, the slides were rehydrated and in cu bated in 

3% per ox ide so lu tion for 10 min utes to block en dog e nous

peroxidase ac tiv ity. An ti gen re trieval was car ried out by

microwaving in ci trate buffer (0.2% cit ric acid ti trated to

pH 6.0 with 2 N NaOH) 3×5 min utes at 750 W. The pri mary

an ti bod ies are listed in Ta ble 1. The ENVISION + (DAKO,

Glostrup, Den mark) de tec tion sys tem was used. It con sists

of sev eral goat anti-mouse an ti body mol e cules at tached to

a dextran back bone cou pled with horse rad ish peroxidase

mol e cules, and al lows for ob tain ing high sig nal-low back -

ground re ac tions. 3-amino-9ethylcarbasole (DAKO, Glost -

rup, Den mark) was used as chromogen. The slides were

contrastained with Mayer hematoxylin (DAKO, Glostrup,

Den mark). The pro cess ing was done us ing DAKO Auto -

stainter de vice (DAKO, Glostrup, Den mark). Apoptotic

cells were de tected us ing the ApopTag Peroxidase Kit

(S7100, Intergen Com pany, Norcross, USA), in situ la bel -

ing the free 3’-OH DNA ter mini. The stain ing was per -
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TABLE 1
An ti bod ies used in the study

Specificity Type/clone Manufacturer Dilution 

Bcl-2 100 Immunotech Stock

CDX-2 CDX2–88 Biogenex 1 : 50

Ki67 MIB–1 DAKO 1 : 50

MLH1 C–20 Santa Cruz Biotechnology 1 : 50

MSH2 N–20 Santa Cruz Biotechnology 1 : 50

MSH6 44 BD Biosciences 1 : 100

p16 ZJ–11 Chemicon 1 : 50

p53 DO–7 DAKO 1 : 50

survivin 4F7 Lab Vision 1 : 50



formed ac cord ing to the man u fac tur ers’ pro to cols. The

as sess ment was per formed in de pend ently by two of au thors

(KO and SD), eval u at ing the ex tent and in ten sity of the re ac -

tions. The per sons in volved in the as sess ment were un aware 

of the dis tri bu tion of par tic u lar cases within a block or of

any other clin i cal and patho log i cal data. The val ues ob -

tained for a given case were av er aged.

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

TISTICA, v. 6.1 PL soft ware (StatSoft, Inc., Tulsa, USA).

The sig nif i cance level was set to 0.05.

Re sults 

The ma te rial con sisted of 208 cases of colorectal car ci -

noma; the group in cluded 111 males and 97 fe males. The

mean age of the pa tients was 64.8 years, with the range from 

23 to 91years and SD of 11.48. One hun dred twelve cases

were pa tients op er ated at First Chair of Gen eral Sur gery.

The re main ing 96 cases were taken from the ar chives of the

Chair of Pathomorphology. 

The tu mors were sit u ated in the ce cum in 15 cases, in

the as cend ing co lon – in 11 cases, in the hepatic flex ure – in

eight cases, in the trans verse co lon – in ten cases, in the

splenic flex ure – in three cases, in the de scend ing co lon – in

four cases, in the sig moid – in 67 cases, and in the rec tum in

90 cases. The tu mor did not in fil trate the muscularis propria

(pT1) in four cases, in fil trated, but not ex ceeded the mus cu -

lar layer (pT2) in 59 cases, pen e trated through it (pT3) in

136 cases, and in volved the ad ja cent struc tures (pT4) in nine 

cases. In 109 cases no met a static de pos its were found in the

lymph nodes, 47 cases dem on strated one to three met a static

foci (pN1), and in 52 cases, more than three metastases were 

noted (pN2). At the time of sur gery, 16 pa tients showed dis -

tant metastases. In 142 cases no angioinvasion (pV0L0) was 

seen, in 29 pa tients, larger ves sels were in volved (pV1L0),

in 22 cases, the in volve ment was noted in small ves sels only

(pV0L1), while 15 in di vid u als re vealed both small and

larger ves sels in volved by the tu mor (pV1L1). In 22 cases,

sur gery was not histologically rad i cal (pR1). The car ci noma 

was low grade (G-I) in 44 cases, showed a me dium de gree

of dif fer en ti a tion (G-II) in 143 patients, and was poorly

differentiated (G-III) in 21 cases. 

Re ac tion for p16 was neg a tive in 117 cases, weak in 49

cases, and strong in 42 cases. Re ac tion for p53 was neg a tive

in 193 cases, weak in ten, and strong in five. Re ac tion for

bcl-2 was neg a tive in 168 cases, weak in 27, and strong in

13. Re ac tion for MLH1 was neg a tive in 35, re duced in 109,

and strong in 64 cases. Re ac tion for MSH2 was neg a tive in

15 cases, re duced in 35, and strong in 158. Re ac tion for

MSH6 was neg a tive in three cases, re duced in 78, and

strong in 127. Re ac tion for survivin was neg a tive in 72

cases, weak in 56, and strong in 80 cases. Re ac tion for

CDX-2 was neg a tive in seven cases, re duced in 26, and

strong in 175. The mean apoptotic in dex amounted to 5.6

(range 0 to 30.5, SD 3.74). The mean proliferative in dex

Ki67 equaled 45.4 (range 0 to 100, SD 28.26). 

Re ac tion for MSH2 was cor re lated with CDX–2

(R=0.43, p<0.01), MLH1 (R=0.39, p<0.01), MSH6

(R=0.37, p<0.01), survivin (R=0.35, p<0.01), the Ki67 in -

dex (R=0.33, p<0.01), and the apoptotic in dex (R=0.21,

p<0.01). Re ac tion for MLH1 dem on strated cor re la tion with

CDX-2 (R=0.26, p<0.01), the proliferative in dex Ki67

(R=0.22, p<0.01), MSH6 (R=0.18 p<0.01), the apoptotic

in dex (R=0.14 p<0.04), and bcl–2 (R=0.12, p<0.01). Re ac -

tion for MSH6 was cor re lated with the apoptotic in dex

(R=0.23, p<0.01) and the pro lif er a tion in dex Ki67 (R=0.12

p<0.1). Survivin ex pres sion showed cor re la tion with CDX2 

(R=0.32, p<0.01), MSH6 (R=0.30, p<0.01), p16 (R=0.29,

p<0.01), and MLH1 (R=0.21, p<0.01), as well as with the

num ber of metastases in the lymph nodes (R-0.14 p<0.04).

The per cent age of in volved lymph nodes was cor re lated

with the de gree of tu mor dif fer en ti a tion (R=0.26, p<0.01).

Re ac tion for p16 dem on strated a cor re la tion with the

proliferative in dex Ki67 (R=0.20 p<0.01), MSH6 (R=0.17,

p<0.02), and bcl-2 (R=0.13, p<0.06). Re ac tion for bcl-2 was 

cor re lated with CDX–2 (R=0.17 p<0.02). Re ac tion for

CDX-2 showed a cor re la tion with the proliferation index

Ki67 (R=0.15 p<0.03). 

MSS and MSI-L car ci no mas showed a ten dency to be -

ing lo cated in the left part of the co lon (p<0.01). Non-rad i -

cal pro ce dures were en coun tered solely among pa tients

with MSS and MSI-L tu mors (p<0.04). In MSI-H car ci no -

mas, a pos i tive re ac tion for survivin was some what more

fre quent (p<0.09). Only in one MSI-H case strong MLH1

ex pres sion was ob served (p<0.02). Car ci no mas with

micro satellite in sta bil ity more of ten dem on strated the

pres ence of intratumoral lym pho cytes (p<0.0007). MSI-L

car ci no mas were slightly more com mon in male pa tients

(p<0.08) as com pared to other tu mor types. 

The ag glom er a tion anal y sis was per formed, and the re -

sults are shown in Fig ure 1. To de tect which of the pa ram e ters

would clas sify the cases into the microsatellite sta ble and un -

sta ble types, the discriminant func tion anal y sis was used. Pa -

ram e ters that best dif fer en ti ated the MSI-H tu mors in cluded

MLH1 ex pres sion (p<0.02), as well as survivin (p<0.06) and

the proliferative in dex (p<0.06); the MSS colorectal car ci no -

mas were best dif fer en ti ated by the apoptotic in dex (p<0.02)

and MLH1 ex pres sion (p<0.08), as well as the de gree of

histological dif fer en ti a tion (p<0.08), while the MSI-L group

was best de scribed by the apoptotic in dex (p<0.005), pT

(p<0.04), pL (p<0.05), and the mucin pro duc tion (p<0.07).
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Dis cus sion 

In or der to im prove the out come of a ma lig nancy it is

nec es sary to im prove the knowl edge of tu mor bi ol ogy and

to de ter mine fac tors af fect ing the prog no sis and re sponse to

treat ment. The most ef fec tive prog nos tic fac tor is the tu mor

stag ing; in the case of colorectal car ci no mas the most fre -

quently used in clude the Dukes, Astler-Coller and TNM

sys tems [1]. An ad di tional, in de pend ent in for ma tion on the

clin i cal course of the dis ease is pro vided by the de gree of

dif fer en ti a tion and histological sub type. Immunohisto che -

mistry is at pres ent a stan dard and eas ily avail able di ag nos -

tic method. To im prove its per for mance, tis sue microarrays

may be em ployed. The tech nique con sists in con struct ing

a par af fin block that con tains ma te rial orig i nat ing from sev -

eral dif fer ent cases. Tis sue cyl in ders are pre pared from rep -

re sen ta tive sites of orig i nal par af fin blocks us ing a nee dle

0.6–2 mm in di am e ter. The re sul tant cyl in ders are sub se -

quently placed in a pre vi ously pre pared new par af fin block

and the ex act lo ca tion of each case is re corded. The re sult ing 

tis sue microarray may serve for prep a ra tion of stan dard sec -

tions for spe cial stain ing, chiefly in clud ing immuno histo -

chemical re ac tions or flu o res cent in situ hy brid iza tion. The

method al lows re duce la bor and costs, al low ing in ves ti ga -

tion of nu mer ous re ac tions in large groups of pa tients [18,

30]. In man ag ing pa tients with ma lig nant tu mors, in creas ing 

in ter est is given to its mo lec u lar mark ers. Anal y sis of mo -

lec u lar fea tures in colorectal car ci noma shows that the ma -

jor ity of cases de velop through the chro mo somal in sta bil ity. 

In car ci no mas of this type, nu mer ous, ex ten sive changes

con sist ing in loss or gains of ge netic ma te rial oc cur within

the ge nome. At the mo lec u lar level, this phe nom e non is

man i fested as loss of heterozygosity (LOH) in nu mer ous

loci. Ap prox i mately 10–20% of can cers are as so ci ated with

DNA re pair de fects, what is ex pressed by the microsatellite

in sta bil ity (MSI). A pro to type dis ease in which MSI is ob -

served, is He red i tary Non-Polyposis Colorectal Can cer

(HNPCC) syn drome; nev er the less, car ci no mas of this type

oc cur also spo rad i cally. Pa tients with HNPCC dem on strate

mu ta tions in volv ing the hMSH2 and hMLH1 genes, while

in spo radic cases pathogenesis de pends on in ac ti vat ing

methylation of the hMLH1 pro moter re gion [11, 20]. In con -

se quence of DNA re pair mech a nisms im pair ment, mu ta tion

rate in creases. The in creased mu ta tion rate may be sev eral

hun dred times higher as com pared to nor mal tis sues. This is

par tic u larly true in the case of short re pet i tive se quences,

such as microsatellite DNA [3, 6, 26]. An in ter est ing prop -

erty of colorectal car ci no mas with microsatellite in sta bil ity

is a higher fre quency of their multi-fo cal oc cur rence [25].

The de gree of DNA re pair im pair ment may vary. Cases in

which changes in volve less than 30–40% of the stud ied

microsatellites are termed “MSI-low” [3]. The clas si fi ca tion 

of this group of tu mors is un clear. Their clin i cal and mor -

pho log i cal prop er ties are sim i lar to MSS group. How ever,

the pres ence of any MSI does not quite fit the ac cepted con -

cept on the pathogenesis of car ci no mas with chro mo somal

in sta bil ity. There fore, Jass et al. pro posed that MSI-low

can cers should not be treated as the “grey zone”, but rather

as a sep a rate group with a sep a rate or i gin and pathogenesis

[13]. Ac cord ing to White hall et al., in can cers from this

group methylation MGMT gene pro moter is in creased. The

prod uct of this gene par tic i pates in a DNA re pair sys tem

sep a rated from MSH/MLH pro teins and re spon si ble for cor -

rect ing the G → A tran sit. Mu ta tions of this type oc cur

within the K-ras gene, what sug gests a pos si ble deve lop -

mental path way for MSI-low can cers [39].

The prog nos tic im por tance of microsatellite in sta bil -

ity re mains un clear, al though ev i dences are ac cu mu lat ing

that it is an in de pend ent prog nos tic fac tor. This is par tic u -

larly true for the MSI-H cat e gory; these car ci no mas were

as so ci ated with a better prog no sis [14, 17, 21], al though

ac cord ing to Kakar et al. [16], the MSI sta tus is of a prog -

nos tic sig nif i cance solely in the one-di men sional anal y sis, 

while other pub li ca tions com pletely fail to con firm such

an as so ci a tion [8, 9, 42]. A pos si ble ex pla na tion of better

prog no sis may be the in creased apoptotic ac tiv ity [37]. In

the pres ent ma te rial, when the apoptotic in dex was cat e go -

rized into <5%, 5–10% and >10% groups, it was found

that apoptotic ac tiv ity was in creased to some de gree in

cases show ing microsatellite in sta bil ity, and es pe cially in

the MSI-L group (p<0.01, Fig. 2). An other pos si ble ex pla -

na tion may be that within such tu mors lym phoid cells are

char ac ter is ti cally more nu mer ous as com pared to other

can cer types. These cells are char ac ter ized by a cytotoxic

phe no type and ac ti vated [31]. On the other hand, the re -

sponse of MSI-H can cers to che mo ther apy is sup posed to

be poorer than in the case of other colorectal car ci no mas

[4], al though some pub li ca tions do not con firm that [7].

Data on the sig nif i cance of the MSI-L cat e gory are

scarcer. Wright et al. ob served that tu mors of this type

were as so ci ated with a poorer prog no sis as com pared to

car ci no mas with out microsatellite in sta bil ity [40].
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Fig. 1. A typ i cal view of a tis sue microarray sec tion.



In consequence of the emerg ing prog nos tic im pli ca -

tions, the as sess ment of mo lec u lar back ground of colo -

rectal car ci noma is in creas ingly sig nif i cant. The clas sic

method of eval u a tion is based on in ves ti gat ing changes in

nu mer ous microsatellite loci [3]. This, nev er the less, is

a la bor and cost con sum ing pro ce dure, hence, a search for

al ter na tive meth ods is nec es sary. To in crease per for mance 

ad di tional se lec tion of cases is nec es sary, es pe cially in fa -

mil ial set ting [3]. Brenetot et al. [20] be lieve that mo lec u -

lar as sess ment of BAT-25 and BAT-26 only was

success ful in iden ti fy ing MSI-H cases. Smyrk et al. ob -

served that the pres ence of intratumoral lym pho cytes

might con sti tute a suf fi cient cri te rion for dif fer en ti at ing

MSI-pos i tive colorectal car ci no mas [34]. Immunohisto -

chemistry may help to iden tify cases for mo lec u lar stud ies

[15]. This is based on as sess ing ex pres sion of pro teins that 

con sti tute el e ments of DNA re pair sys tems, as MLH1

MSH2 and MSH6. In MSI-H car ci no mas, sig nif i cant

re duc tion in ex pres sion of these pro teins is ex pected, re -

gard less whether such a de crease has been trig gered by

a germ-line mu ta tion in HNPCC, or by pro moter methy la -

tion in spo radic car ci no mas. Marcus et al. achieved promi -

sing re sults by this method [24]. On the other hand,

Cha pusot et al. noted that immunohistochemistry was of

lim ited value in de tect ing microsatellite in sta bil ity and

could not re place mo lec u lar as sess ment, be cause method

stan dard iza tion posed a sig nif i cant prob lem [5]. Doubts as 

to the va lid ity of clas si fy ing colorectal car ci no mas based

on immunohistochemical re sults were also ar tic u lated by

Ar nold et al. [2]. In the pres ent study it was shown that ef -

fec tive clas si fi ca tion of colorectal car ci no mas may be

immunohistochemistry-based screen ing fol lowed by as -

sess ment of microsatellite in sta bil ity when even fo cal re -

ac tiv ity impair ment is pres ent.

Survivin is a rel a tively re cently rec og nized apoptosis

in hib i tor. Its ex pres sion is said to be as so ci ated with

a poor er prog no sis in many tu mors, in clud ing colorectal

car ci noma [36]. At pres ent, tri als are in prog ress on ther a -

peu tic meth ods that act through survivin [38, 41, 43]. The

pro tein prod uct of the p53 gene par tic i pates in the mech a -

nisms of pro lif er a tion con trol, DNA re pair and DNA dam -

age-as so ci ated apoptosis. Mu ta tions in the p53 gene are

one of most com mon phe nom ena in hu man can cer, seen in

ap prox i mately one-half of cases. Since the wild gene

prod uct is ex tremely short-lived, while the prod uct of

a mutated gene is accu mu lated in the cell, the pres ence of

mu ta tion may be eval u ated in a rel a tively easy way. The

in ci dence of the p53 gene dam age in colorectal car ci no -

mas ap proaches 50% [32]. More over, p53 mu ta tions may

af fect the prog no sis [35]. Bcl-2 par tic i pates in apoptosis

reg u la tion and pro tects tu mor cells from death through

apoptosis; it also af fects telomerase ac tiv ity [12]. Changes 

in bcl-2 ex pres sion are sup posed to be fre quent in

colorectal car ci no mas; what is more, they may af fect the

prog no sis, but this re mains not com pletely un der stood

[19, 27, 28].

Ref er ences

 1. Amer i can Joint Commitee on can cer: Co lon and rec tum. In: AJCC

Can cer Stag ing Man ual. Greene FL, Page DL, Flem ing ID, Fritz AG,

Balch CM, Haller DG, Mor row M, eds. Springer-Verlang 2002,

113–124.

 2. Ar nold CN, Goel A, Compton C, Marcus V et al: Eval u a tion of

microsatellite in sta bil ity, hMLH1 ex pres sion and hMLH1 pro moter

hypermethylation in de fin ing the MSI phe no type of colorectal can cer.

Can cer Biol Ther 2004, 3, 73–78.

 3. Boland CR, Thibodeau SN, Ham il ton SR, Sidransky D et al: A Na -

tional Can cer In sti tute Work shop on Microsatellite In sta bil ity for can -

109

Colorectal carcinoma studied with tissue microarray

 Fig. 2. Ag glom er a tion of the stud ied vari ables ac cord ing to microsatellite

sta tus. Note sim i lar ity of the plots for MSS and MSI-L but not MSI-H.

(Where: age – age of the pa tient at op er a tion; re gion – lo ca tion of the tu mor 

along the large in tes tine; G – de gree of dif fer en ti a tion; solid - per cent age

of solid ar eas; mucin – per cent age of the tu mor with sig nif i cant mucin pro -

duc tion; pT, pN, pM, pV, pL, pR – as de fined in TNM clas si fi ca tion; %

metastases – per cent age of lymph nodes con tain ing metastases; Ki67 –

Ki67 in dex; bcl–2, p53, MLH1, CDX–2, MSH2, MSH6, p16, survivin –

ex pres sion of mark ers – see Meth ods sec tion; apoptosis – apoptotic in dex.



cer de tec tion and fa mil ial pre dis po si tion: de vel op ment of in ter na tional 

cri te ria for the de ter mi na tion of microsatellite in sta bil ity in colorectal

can cer. Can cer Res 1998, 58, 5248–5257.

 4. Carethers JM, Smith EJ, Behling CA, Nguyen L et al: Use of 5-fluo -

rouracil and sur vival in pa tients with microsatellite-un sta ble colorectal 

can cer. Gastroenterology 2004, 126, 394–401.

 5. Chapusot C, Mar tin L, Puig PL, Ponnelle T et al: What is the best way

to as sess microsatellite in sta bil ity sta tus in colorectal can cer? Study on 

a pop u la tion base of 462 colorectal can cers. Am J Surg Pathol 2004,

28, 1553–1559.

 6. Choi S, Lee KJ, Bae Y, Min K et al: Ge netic clas si fi ca tion of colorectal

can cer based on chro mo somal loss and microsatellite in sta bil ity pre -

dicts sur vival. Clin Can cer Res 2002, 8, 2311–2322.

 7. Elsaleh H, Powell B, McCaul K, Grieu F et al: P53 al ter ation and

microsatellite in sta bil ity have pre dic tive value for sur vival ben e fit

from che mo ther apy in stage III colorectal car ci noma. Clin Can cer Res

2001, 7, 1343–1349.

 8. Emterling A, Wallin A, Arbman G, Sun X: Clinicopathological sig nif i -

cance of microsatellite in sta bil ity and mu tated RIZ in colorectal can -

cer. Ann Oncol 2004, 15, 242–246.

 9. Haddad R, Ogilvie RT, Croitoru M, Muniz V et al: Microsatellite in sta -

bil ity as a prog nos tic fac tor in resected colorectal can cer liver meta -

stases. Ann Surg Oncol 2004, 11, 977–982.

10. Ham il ton SR, Rubio CA, Vogelstein B, Sobin LH et al: Car ci noma of

the co lon and rec tum. In: Ham il ton S, Aaltonen LA, eds.: World

Health Or gani sa tion clas si fi ca tion of tu mors. Pa thol ogy and ge net ics

of tu mours of the di ges tive sys tem. IARCPress, Lyon 2000, 105–119.

11. Herman JG, Umar A, Polyak K, Graff JR et al: In ci dence and func -

tional con se quences of hMLH1 pro moter hypermethylation in

colorectal car ci noma. Proc Natl Acad Sci U S A 1998, 95, 6870–6875.

12. Iida A, Yamaguchi A, Hirose K: Telomerase ac tiv ity in colorectal can -

cer and its re la tion ship to bcl–2 ex pres sion. J Surg Oncol 2000, 73,

219–223.

13. Jass JR, Biden KG, Cummings MC, Simms LA et al: Char ac teri sa tion

of a sub type of colorectal can cer com bin ing fea tures of the sup pres sor

and mild mutator path ways. J Clin Pathol 1999, 52, 455–460.

14. Johannsdottir JT, Bergthorsson JT, Gretarsdottir S, Kristjansson AK

et al: Rep li ca tion er ror in colorectal car ci noma: as so ci a tion with loss

of heterozygosity at mis match re pair loci and clinicopathological vari -

ables. Anticancer Res 1999, 19, 1821–1826.

15. Jover R, Paya A, Alenda C, Poveda MJ et al: De fec tive mis match-re -

pair colorectal can cer: clinicopathologic char ac ter is tics and use ful ness 

of immunohistochemical anal y sis for di ag no sis. Am J Clin Pathol

2004, 122, 389–394.

16. Kakar S, Aksoy S, Burgart LJ, Smyrk TC: Mucinous car ci noma of the

co lon: cor re la tion of loss of mis match re pair en zymes with clinico -

pathologic fea tures and sur vival. Mod Pathol 2004, 17, 696–700.

17. Ko JM, Cheung MH, Kwan MW, Wong CM et al: Genomic in sta bil ity

and al ter ations in Apc, Mcc and Dcc in Hong Kong pa tients with

colorectal car ci noma. Int J Can cer 1999, 84, 404–409.

18. Kononen J, Bubendorf L, Kallioniemi A, Barlund M et al: Tis sue

microarrays for high-through put mo lec u lar pro fil ing of tu mor spec i -

mens. Nat Med 1998, 4, 844–847.

19. Leahy DT, Mulcahy HE, O’Donoghue DP, Parfrey NA: bcl-2 pro tein

ex pres sion is as so ci ated with better prog no sis in colorectal can cer.

Histopathology 1999, 35, 360–367.

20. Leung SY, Yuen ST, Chung LP, Chu KM et al: hMLH1 pro moter

methylation and lack of hMLH1 ex pres sion in spo radic gas tric car ci -

no mas with high-fre quency microsatellite in sta bil ity. Can cer Res

1999, 59, 159–164.

21. Lim S, Jeong S, Lee MR, Ku J et al: Prog nos tic sig nif i cance of

microsatellite in sta bil ity in spo radic colorectal can cer. Int J Colorectal

Dis 2004, 19, 533–537.

22. Lino H, Jass JR, Simms LA, Young J et al: DNA microsatellite in sta bil -

ity in hyperplastic pol yps, ser rated adenomas, and mixed pol yps:

a mild mutator path way for colorectal can cer?. J Clin Pathol 1999, 52,

5–9.

23. Lipton LR, John son V, Cummings C, Fisher S et al: Re fin ing the Am -

ster dam Cri te ria and Bethesda Guide lines: test ing al go rithms for the

pre dic tion of mis match re pair mu ta tion sta tus in the fa mil ial can cer

clinic. J Clin Oncol 2004, 22, 4934–4943.

24. Marcus VA, Madlensky L, Gryfe R, Kim H et al: Immuno histo -

chemistry for hMLH1 and hMSH2: a prac ti cal test for DNA mis match

re pair-de fi cient tu mors. Am J Surg Pathol 1999, 23, 1248–1255.

25. Masubuchi S, Konishi F, Togashi K, Okamoto T et al: The sig nif i cance 

of microsatellite in sta bil ity in pre dict ing the de vel op ment of meta -

chronous mul ti ple colorectal car ci no mas in pa tients with nonfamilial

colorectal car ci noma. Can cer 1999, 85, 1917–1924.

26. Mori Y, Selaru FM, Sato F, Yin J et al: The im pact of microsatellite in -

sta bil ity on the mo lec u lar phe no type of colorectal tu mors. Can cer Res

2003, 63, 4577–4582.

27. Mueller J, Mueller E, Hoepner I, Jut ting J et al: Ex pres sion of bcl-2

and p53 in de novo and ex-adenoma co lon car ci noma: a com par a tive

immunohistochemical study. J Pathol 1996, 180, 259–265.

28. Ofner D, Riehemann K, Maier H, Riedmann B et al: Immuno histo -

chemically de tect able bcl-2 ex pres sion in colorectal car ci noma: cor re -

la tion with tu mour stage and pa tient sur vival. Br J Can cer 1995, 72,

981–985.

29. Okoñ K, Zazula M, Rudzki Z, Papla B et al: CDX-2 ex pres sion is re -

duced in colorectal car ci no mas with solid growth pat tern and prox i mal 

lo ca tion, but is largely in de pend ent of MSI sta tus. Pol J Pathol 2004,

55, 9–14.

30. Packeisen J, Korsching E, Herbst H, Boecker W et al: Demystified tis -

sue microarray tech nol ogy. Mol Pathol 2003, 56, 198–204.

31. Phillips SM, Banerjea A, Feakins R, Li SR et al: Tu mour-in fil trat ing

lym pho cytes in colorectal can cer with microsatellite in sta bil ity are ac -

ti vated and cytotoxic. Br J Surg 2004, 91, 469–475.

32. Rodrigues NR, Ro wan A, Smith ME, Kerr IB et al: p53 mu ta tions in

colorectal can cer. Proc Natl Acad Sci USA 1990, 87, 7555–7559.

33. Rosai G: Large bowel – colectomy for tu mor. In: Ackerman`s Sur gi cal

Pa thol ogy. Rosai G, ed. Mosby St. Luis 1996, 2671–2672.

34. Smyrk TC, Wat son P, Kaul K, Lynch HT: Tu mor-in fil trat ing lym pho -

cytes are a marker for microsatellite in sta bil ity in colorectal car ci -

noma. Can cer 2001, 91, 2417–2422.

35. Starzynska T, Bromley M, Ghosh A, Stern PL: Prog nos tic sig nif i cance

of p53 overexpression in gas tric and colorectal car ci noma. Br J Can cer

1992, 66, 558–562.

36. Tan H, Liu J, Wu S, Luo H: Ex pres sion of a novel apoptosis in hib i -

tor-survivin in colorectal car ci noma. World J Gastroenterol 2005, 11,

4689–4692.

37. Tro jan J, Brieger A, Raedle J, Weber N et al: BAX and caspase-5

frameshift mu ta tions and spon ta ne ous apoptosis in colorectal can cer

with microsatellite in sta bil ity. Int J Colorectal Dis 2004, 19, 538–544.

38. Tu SP, Cui JT, Liston P, Huajiang X et al: Gene ther apy for co lon can -

cer by adeno-as so ci ated vi ral vec tor-me di ated trans fer of survivin

Cys84Ala mu tant. Gastroenterology 2005, 128, 361–375.

39. White hall VL, Walsh MD, Young J, Leggett BA et al: Methylation of

O-6-methylguanine DNA methyltransferase char ac ter izes a sub set of

colorectal can cer with low-level DNA microsatellite in sta bil ity. Can -

cer Res 2001, 61, 827–830.

40. Wright CM, Dent OF, Newland RC, Barker M et al: Low level

microsatellite in sta bil ity may be as so ci ated with re duced can cer spe -

cific sur vival in spo radic stage C colorectal car ci noma. Gut 2005, 54,

103–108.

41. Yamamoto T, Manome Y, Nakamura M, Tanigawa N: Downregulation 

of survivin ex pres sion by in duc tion of the effector cell pro te ase re cep -

110

K. Okoñ et al



tor-1 re duces tu mor growth po ten tial and re sults in an in creased sen si -

tiv ity to anticancer agents in hu man co lon can cer. Eur J Can cer 2002,

38, 2316–2324.

42. Zauber P, Sab bath-Solitare M, Marotta S, Zauber A et al: Com par a -

tive mo lec u lar pa thol ogy of spo radic hyperplastic pol yps and neo plas -

tic le sions from the same in di vid ual. J Clin Pathol 2004, 57,

1084–1088.

43. Zhang T, Fields JZ, Ehrlich SM, Boman BM: The chemopreventive

agent sulindac at tenu ates ex pres sion of the antiapoptotic pro tein

survivin in colorectal car ci noma cells. J Pharmacol Exp Ther 2004,

308, 434–437.

Ad dress for cor re spon dence and re print re quests to:

Krzysztof Okoñ M.D.

Chair of Pathomorphology

Collegium Medicum, Jagiellonian Uni ver sity

Grzegórzecka 16

31–531 Kraków

111

Colorectal carcinoma studied with tissue microarray


