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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. Car ci no mas of this type are

su pposed to be char ac ter ized by a better prog no sis and 

a dif fer ent re sponse to che mo ther apy. The main tar get

of 5-fluorouracil (5-FU) treat ment is thymidylate

synthase (TS). High TS ex pres sion has been iden ti fied

as pro mot ing re sis tance to 5-FU. The ob jec tive of the

pres ent in ves ti ga tion was to de ter mine whether micro -

satellite in sta bil ity is as so ci ated with thymi dy late

synthase ex pres sion. Ninety-eight cases of colo rectal

car ci noma were stud ied. Microsatellite in stability 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. TS ex pres -

sion lev els were as sessed in prep a ra tions stained

immunohisto chemi cally us ing a semiquanti ta tive

method on a scale with scores from 0 to 3. The MSI-H

phe no type was de tected in ten cases, MSI-L in 16, and

MSS in 72. The mean TS ex pres sion score was 1.79. In

the MSS group, the mean TS ex pres sion score was

1.69, in the MSI-L group the mean TS ex pres sion score 

was 1.73, and in the MSI-H group the mean TS ex pres -

sion score was 2.67. The dif fer ences be tween MSI-H

and MSS/MSI-L were sta tis ti cally sig nif i cant

(p<0.0002 and p<0.004, re spec tively). The re sults may

ex plain the dif fer ent re sponse of MSI-H car ci no mas to

5-FU treat ment.

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 some in sta bil ity, while

10–20% is as so ci ated with de fects of DNA re pair and

microsatellite in sta bil ity (MSI). Car ci no mas with micro -

satellite in sta bil ity in some loci (MSI-L) have been sug -

gested to con sti tute the re sult of the „third route of

carci nogenesis” in the co lon, yet the is sue is still not com -

pletely clear [4, 12, 13]. The place of such car ci no mas in the

clas si fi ca tion sys tem con tin ues to be un clear, al though the

pres ent au thors are of the opin ion that they con sti tute a sep a -

rate cat e gory [29]. An im por tant method that im proves the

prog no sis in colorectal car ci noma is che mo ther apy. A de -

creased ef fec tive ness of 5-fluorouracil (5-FU) treat ment is

sup posed to be as so ci ated with an in creased thymidylate

synthase ex pres sion [15]. MSI-H car ci no mas have been

found to show a sig nif i cantly poorer re sponse to 5-FU treat -

ment. The ob jec tive of the pres ent in ves ti ga tion was to de -

ter mine whether microsatellite in sta bil ity is as so ci ated with

thymidylate synthase ex pres sion.

Ma te rial and Meth ods 

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

car ci noma treated at the 1st De part ment of Sur gery,

Collegium Medicum, Jagiellonian Uni ver sity. Fresh sur gi -

cal spec i mens were trans ferred to the Chair of Patho -
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morphology and ex am ined grossly. Tu mor sam ples were

se lected from the pe riph eral zone, avoid ing the ul cer ated

and ne crotic ar eas, and from the in tes ti nal wall at the mid -

point be tween the le sion and the mar gin more dis tant from

the tu mor. The col lected spec i mens from the tu mor and un -

in volved in tes ti nal wall were frozen at –20°C and stored for

mo lec u lar anal y sis. The re main ing ma te rial was fixed in

10% buf fered for ma lin for 24 hours.

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

pre vi ously pub lished pro to col [20, 28, 29]. Briefly, DNA

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

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

and PCR-am pli fied with a screen ing panel of five micro -

satellite mark ers: APC, p53, BAX, BATR II and BAT-26.

PCR was per formed in 20 ml of re ac tion mix ture con tain ing:

2 ml DNA tem plate (100 ng), 2 ml STR buffer (Promega),

0.5 ml of each primer (10nM), 1 U Taq poly mer ase

(Fermentas). 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, genetic 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) 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 Bio -

systems). 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). 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-L group then

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-H

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-H phe no type, all tu mors with in sta bil ity at BAT-26

were in cluded in the MSI-H group. The re main ing cases

were clas si fied as microsatellite-sta ble (MSS) car ci no mas.

The gross as sess ment and dis sec tion for his tol ogy was

per formed fol low ing the stan dard pro to col [26]. The tis sue

spec i mens were rou tinely pro cessed us ing au to matic tis sue

pro ces sors (Shandon) and par af fin em bed ded. Par af fin

blocks were cut into 3 mm-sec tions stained with hema -

toxylin and eosin for rou tine his tol ogy. The tu mor stage was 

determined ac cord ing to the TNM system [8].

HE sec 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 car ci noma. Se lected par af fin blocks served for

pre par ing tis sue microarrays us ing a Tis sue Micro Arrayer

MTA-1 (Beecher In stru ments Inc., WI, USA). From each

do nor block, three 0.6 mm cyl in ders were cut off. The ac -

cep tor par af fin blocks were pre pared not ing the lo ca tion

of each cyl in der, and 3 mm-thick sec tions were cut.

Immunohistochemical re ac tions were per formed rou -

tinely. Briefly, the slides were dewaxed, 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

per formed by microwaving in EDTA so lu tion 3×5 min -

utes at 750 W. The anti-thymidylate synthase an ti body

clone MAB4130 (Che micon, USA) was used in the con -

cen tra tion of 1:50. The ENVISION + (DAKO, Den mark)

de tec tion sys tem was em ployed. It con sists of sev eral goat 

anti-mouse an ti body mol e cules at tached to a dex tran

back bone cou pled with horse rad ish peroxidase, and al -

lows for high sig nal-low back ground re ac tions. 3-amino-

9-ethylcarbasole (DAKO, Den mark) was used as the

chromogen. The slides were contrastained with Mayer

hematoxylin (DAKO, Den mark). The pro cess ing was

done us ing the DAKO Autostainter de vice (DAKO, Den -

mark). The stain ing re sults were as sessed semi-quan ti ta -

tively em ploy ing a 0–3 scale, where 0 was no re ac tion,

1 was a weak cy to plas mic re ac tion, 2 de fin i tive cy to plas -

mic re ac tion, and 3 rep re sented a very in tense re ac tion.

From the scores of in di vid ual tis sue cores (3 per case),

arith me tic means were cal cu lated and used as re sult. The

sta tis ti cal anal y sis was per formed us ing the STATISTICA 

6 PL (StatSoft Inc., USA). To dem on strate inter-group

dif fer ences, the Kruskall-Wallis ANOVA was used. The

sig nif i cance level was set to 0.05.

Re sults 

The ma te rial con sisted of 98 cases of colorectal car ci -

noma; of these, 43 pa tients were fe males and 55 males. The

mean age of the pa tients was 64 years (range 34 to 87, SD

10.0). The age showed no sex-as so ci ated dif fer ences. The

tu mors were sit u ated as fol lows: the sig moid – 34 cases

(34.69%), rec tum – 38 cases (38.78%), as cend ing co lon – 5

cases (5.1%), ce cum – 10 cases (10.2%), trans verse co lon –

4 cases (4.08%), de scend ing co lon – 2 cases (2.04%) and

the right flex ure – 5 cases (5.1%). The tu mors were

Astler-Coller stage A in 4 cases (4.1%), B-1 in 27 cases

(27.6%), B-2 in 15 cases (15.3%), C-1 in 8 cases (8.2%),
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C-2 in 32 cases (32.7%), and D in 12 cases (12.2%). Lymph

node metastases were ab sent (N0) in 47 cases (47.9%), less

than 4 (N1) in 18 cases (18.4%), and four or more (N2) in 33 

cases (33.7%). In the cases with lymph node metastases, the

mean num ber of the in volved nodes was 7.04 (range 1–24,

SD 6.2) and the mean per cent age of the in volved nodes was

39.4% (range 3–100%, SD 28.4). The tu mors were well dif -

fer en ti ated (G-I) in nine cases (17.6%), mod er ately dif fer -

en ti ated (G-II) in 36 cases (70.6%) and poorly dif fer en ti ated 

(G-III) in six cases (11.8%). At the mo lec u lar level the MSS

phe no type was pres ent in 72 cases (73.5%), MSI-H phe no -

type in 10 cases (10.2%), and MSI-L phe no type in 16 cases

(16.3%).

The mean TS expression score was 1.79, the median 2,

SD 0.69. When com par ing TS ex pres sion in colorectal car -

ci no mas with vary ing de grees of microsatellite in sta bil ity,

the mean value in the MSS group was 1.69, with the me dian

of 2, in the MSI-L group the mean value was 1.73, with the

me dian of 2, and in the MSI-H group mean value was 2.67,

with the me dian of 3. The dif fer ences were sta tis ti cally sig -

nif i cant (Kruskall-Wallis ANOVA p<0.002). The post-hoc

anal y sis dem on strated that the dif fer ences be tween

MSI-H/MSS and MSI-H/MSI-L were sta tis ti cally sig nif i -

cant (p<0.0002 and p<0.004, re spec tively), while the dif fer -

ence be tween MSI-L and MSS was non-significant.

Dis cus sion 

Colorectal car ci no mas con sti tute a heterogenic group of 

can cers. These in clude fa mil ial can cers, as so ci ated with ge -

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

red i tary non-polyposis colorectal can cer (HNPCC), as well

as spo radic car ci no mas, which rep re sent a vast ma jor ity of

cases [2, 11, 19, 30, 37]. With re spect to pathogenesis, two

ba sic mech a nisms of colorectal car ci noma de vel op ment are

rec og nized. One is anal o gous to the mech a nism un der ly ing

ad eno ma tous pol yps and is as so ci ated with sig nif i cant ab -

nor mal i ties ap pear ing in the ge nome, what is man i fested as

chro mo some in sta bil ity (MSS). The other is as so ci ated with

a more sub tle ge nome in sta bil ity, which is man i fested as

changes within short re pet i tive se quences, es pe cially

microsatellite DNA [4, 19]. As com pared to tu mors with

chro mo some in sta bil ity, car ci no mas with microsatellite in -

sta bil ity (MSI-H) are char ac ter ized by their more prox i mal

lo ca tion, more fre quently show a lower de gree of dif fer en ti -

a tion and are mu cus pro duc ing, as well as man i fest nu mer -

ous lym pho cyte in fil tra tions within the tu mor tis sue [4, 30,

37]. Apart from these two well-de fined cat e go ries, there are

colorectal car ci no mas with a less ev i dent microsatellite in -

sta bil ity; such tu mors are char ac ter ized by changes ob serv -

able in less than 40% of the in ves ti gated microsatellite loci

and – what is in ter est ing – they dem on strate de fects in volv -

ing other DNA re pair mech a nisms than typ i cal can cers with

microsatellite in sta bil ity [35]. This group has been named

MSI-L, although its position in the classification continues

to be unclear [22, 34, 36].

Apart from un ques tion able dif fer ences in the patho -

genesis of the above-pre sented types of colorectal car ci no -

mas, there is still the is sue of the prac ti cal im por tance of

such a clas si fi ca tion. Opin ions on the sub ject are not un am -

big u ous [7, 9–11]; how ever, the cur rently pre vail ing view is 

that the MSI-H tu mors are as so ci ated with a better prog no sis 

[4]. In spite of the fact that such tu mors are sup posed to be

larger in size [37], at the same time they are char ac ter ized by 

a lower in ci dence of metastases, both dis tant [10] and

locoregional [4]. The prog nos tic sig nif i cance of the MSI-L

cat e gory is not clear. Al though MSI-L can cers may dem on -

strate lower pro lif er a tion in di ces than other cat e go ries, the

prog no sis was claimed to be worse than MSS [30]. Wright

ob served that al though the over all sur vival in this group was 

no dif fer ent than in pa tients with colorectal car ci no mas de -

vel op ing via the chro mo some in sta bil ity (MSS), yet the

mor tal ity rate di rectly as so ci ated with the tu mor was sig nif i -

cantly higher in the MSI-L group [36]. The mo lec u lar ba sis

of the prog nos tic dif fer ences in par tic u lar types of colorectal 

car ci no mas is un clear. Phillips et al. seek the rea son for

a bet ter prog no sis in the MSI-H can cers in the higher

immunogenicity of this group of tu mors [23]. In deed, the

au thors noted that tu mor in fil trat ing lym pho cytes in can cers

of this type are cytotoxic, ac ti vated T lym pho cytes. 

In treat ing colorectal car ci no mas, apart from sur gery,

a sig nif i cant place is oc cu pied by che mo ther apy. Un for tu -

nately, some of these tu mors are char ac ter ized by a sig nif i cant

re sis tance to che mo ther apy, which may de pend on var i ous

mo lec u lar mech a nisms, such as for ex am ple an in creased

level of glutathione S-transferase [2, 6, 18]. Clas sic ther a peu -

tic agents that are em ployed here are de riv a tives of py rim i dine 

bases, such as 5-fluorouracyl (5-FU). Thymi dylate synthase

(TS) is an en zyme that con verts UMP into TMP, and 5-FU

acts just on TS. In colorectal car ci no mas re sis tant to che mo -

ther apy based on 5-FU Johnston et al. found a sig nif i cant rise

of TS lev els [15], what was con firmed in nu mer ous anal y ses

[3, 21], yet other au thors claimed that pa tients with colorectal

car ci no mas with TS overexpression might ben e fit from 5-FU

ther apy [1, 34]. High TS ex pres sion may not only af fect the

ef fec tive ness of che mo ther apy, but also worsen the prog no sis

[3, 31, 32], al though the is sue whether it is an in de pend ent

prog nos tic fac tor re mains open [1]. 

In ad di tion to the prog nos tic im por tance of micro sa -

tellite in sta bil ity, a dif fer ence has been noted in the re sponse 

to ra dio ther apy. Al though Rosty et al. found no as so ci a tion
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be tween microsatellite in sta bil ity and the re sponse to 5-FU

ther apy [27], the prev a lence of MSI-H cases in the se ries in -

ves ti gated by these au thors was low. Nu mer ous au thors are

of the opin ion that also clin i cal re sponse of MSI-H can cers

to che mo ther apy is poorer than in the case of MSS tu mors

[5, 14, 24]. Lawes an a lyzed re ports pub lished by nu mer ous

au thors and found re sis tance to che mo ther apy to be ap par -

ent es pe cially in in ves ti ga tions based on tis sue cul tures,

while clin i cal tri als might have led to con trary con clu sions

[16]. Ac cord ing to Lievre et al., there is a sig nif i cant as so ci -

a tion be tween the response to 5-FU treatment and mutations 

in the mitochondrial genome [17].

Re sults that are anal o gous to the ob tained above were

achieved by Ricciardiello et al. [25]. The in ves ti ga tors

found sig nif i cantly higher TS ex pres sion in MSI-H colo -

rectal car ci no mas as com pared to MSI-L and MSS tu mors.

There fore, based on the pres ent re sults and data re ported in

the lit er a ture, it may be pos tu lated that the pri mary cause of

dif fer ent re sponse to che mo ther apy man i fested by car ci no -

mas with vary ing microsatellite in sta bil ity may lie in dif fer -

ences in thymidylate synthase expression. 
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