
Rak jelita grubego jest czêstym no-

wotworem zarówno u kobiet, jak

i mê¿czyzn. Aktualne sposoby le-

czenia tej choroby obejmuj¹ zabieg

chirurgiczny, chemioterapiê i na-

œwietlanie guzów odbytnicy. Jed-

nak nowotwory w tym samym sta-

dium zaawansowania, leczone

w identyczny sposób, w ró¿nym

stopniu poddaj¹ siê terapii. Ró¿ni-

ce te przypisuje siê pewnym ce-

chom molekularnym, przy których

pomocy mo¿na zró¿nicowaæ nowo-

twory o podobnym obrazie histolo-

gicznym. Wybór odpowiedniego

sposobu leczenia, pozwoli m.in. na

unikniêcie dzia³añ ubocznych.

W celu w³aœciwego rozpoznania ra-

ka jelita grubego, podjêto seriê ba-

dañ w szpitalu Sir Charles Gairdner

w Zachodniej Australii, które obej-

mowa³y – ju¿ wczeœniej badane –

znaczniki molekularne, które z ko-

lei mog³yby okazaæ siê wa¿nymi

markerami prognostycznymi w ra-

ku jelita grubego. Obejmuj¹ one:

p53, K-ras, niestabilnoœæ mikrosa-

telitarn¹ (microsatellite instability,

MSI), metylacjê, polimorfizm genu

MTHFR (methylene tetrahydrofola-

te reductase) i receptora transfor-

muj¹cego czynnika wzrostowego

beta typu II (TGF-B, RII). 

S³owa kluczowe: rak jelita grubego,

markery molekularne. 
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p53

Prognostyczna wartoœæ p53 po-

zostaje kontrowersyjna. Gen p53,

gen supresorowy (tumour suppres-

sor gene, TSG), przyczynia siê do

wytwarzania j¹drowej fosfoproteiny

zaanga¿owanej w naprawê DNA.

Mutacje tego genu wp³ywaj¹ na

zahamowanie naprawy DNA, co

wi¹¿e siê z klinicznymi konse-

kwencjami u chorych poddanych

leczeniu chemio- i radioterapi¹.

Czêstoœæ wystêpowania mutacji

p53 w raku jelita grubego w nie-

których przypadkach dochodzi do

50 proc. Aby oceniæ prognostycz-

n¹ wartoœæ p53 w raku jelita gru-

bego, podjêto szereg badañ. 

Pierwsza seria chorych z rakiem

w stopniu Dukes B i C liczy³a 995

osób. Mutacja p53 wystêpowa³a

u 39 proc. badanych. U tych pa-

cjentów przewaga mutacji wyst¹pi-

³a w przypadku lokalizacji guza po

lewej stronie jelita grubego

(p=0,006). Nie znaleziono powi¹za-

nia miêdzy statusem p53, a wiekiem

chorego, p³ci¹, czy te¿ stadium lub

stopniem zró¿nicowania guza [1]. 

W drugiej grupie badanych, któ-

ra obejmowa³a 388 chorych ze

stopniem Dukes C mutacjê p53

stwierdzono w 28 proc. przypad-

ków. W tej grupie 133 pacjentów

otrzyma³o fluorouracyl. Obecnoœæ

mutacji nie by³a powi¹zana

z prze¿yciem chorych leczonych

chemicznie czy chirurgicznie [2]. 

W serii 891 pacjentów w III

stopniu zaawansowania raka jelita

grubego, 1/3 by³a uzupe³niaj¹co

leczona fluorouracylem. Mutacja

p53 wystêpowa³a u 289 osób.

Stwierdzono, ¿e chemioterapia

przed³u¿a ¿ycie pacjentom z nor-

malnym wariantem p53 (p=0,041).

Jest to pierwsza tego typu obser-

wacja [3]. 

Zbadano równie¿ 122 pacjentów

z rakiem odbytnicy ze stopniem

Dukes C. Jednej trzeciej pacjen-

tów uzupe³niaj¹co podano fluoro-

uracyl. Mutacjê p53 wykryto tylko

u 47 pacjentów. Obecnoœæ muta-

cji nie by³a zwi¹zana z efektem

chemioterapii, oraz z wyd³u¿eniem

¿ycia ca³ej grupy badanej [4]. 

Nastêpnie 48 chorych z lokalnie

zaawansowanym rakiem odbytnicy,

przed operacj¹ leczono chemio-ra-

dioterapi¹. Mutacjê p53 znaleziono

u 35 proc. pacjentów. Obecnoœæ

mutacji nie by³a powi¹zana ze

zmniejszeniem objêtoœci guza [5]. 

W sumie nie mo¿na u¿yæ w raku

jelita grubego p53 jako znacznika

rokowniczego co do prze¿ycia, czy



te¿ reakcji na chemioterapiê. Praw-

dopodobnie przyczyn¹ tego jest

z³o¿ona funkcja p53 w sygnalizacji

komórkowej oraz mnogoœæ dróg in-

terakcji, w tym poprzez p21, bax

i bcl-2. Prospektywne badanie te-

go genu mo¿e mieæ wiêksz¹ szan-

sê wskazania jego roli w rokowaniu

raka jelita grubego. 

K-ras

Oprócz p53, mutacje onkogenu

K-ras s¹ jednymi z najczêstszych

wœród nowotworów ludzkich. Po-

przednio wysuwano hipotezê, ¿e

mutacja tego genu zwiêksza ryzy-

ko wyst¹pienia raka jelita grube-

go, jego nawrót i ostatecznie

œmiertelnoœæ [6]. W naszym szpi-

talu nie znaleziono zwi¹zku miê-

dzy obecnoœci¹ mutacji K-ras,

a przebiegiem klinicznym [7]. 

DEFEKT ODBUDOWY DNA

Niestabilnoœæ mikrosatelitarna

(microsatellite instability, MSI) jest

cech¹ nowotworów wykazuj¹cych

defekt sekwencji DNA, zwi¹zany

z jego napraw¹. MSI wystêpuje a¿

w 15 proc. przypadków raka jelita

grubego. Cecha ta upoœledza me-

chanizmy odbudowy w uszkodzo-

nych komórkach, m.in. po chemio-

terapii. Pierwotnie s¹dzono, ¿e MSI

rokuje d³u¿sze prze¿ycia [8]. 

W naszym szpitalu analizowano

388 chorych ze stopniem Dukes

C. U pacjentów, u których stwier-

dzono MSI, prze¿ycie 5-letnie –

po diagnozie i leczeniu – wynosi-

³o 58 proc., istotnie d³u¿ej ni¿

w grupie bez MSI (32 proc. prze-

¿yæ 5-letnich, p=0,017). Trzeba

jednak dodaæ, ¿e w tej w³aœnie

grupie – z MSI – wiêcej chorych

po operacji otrzyma³o fluorouracyl,

co mog³o mieæ wp³yw na osta-

teczny wynik badania [9, 10]. 

Nastêpnie odkryto, ¿e MSI od-

wrotnie koreluje z obecnoœci¹ mu-

tacji p53 w raku jelita grubego

w III stopniu zaawansowania

(p<0,0001). Potwierdza to z wcze-

œniejsze obserwacje, ¿e MSI

i brak mutacji p53 s¹ zwi¹zane

z korzystnym rokowaniem po uzu-

pe³niaj¹cej chemioterapii [11]. 

U 656 chorych ze stopniem Du-

kes C po operacji zastosowano

uzupe³niaj¹c¹ chemioterapiê. Za-

obserwowano wyd³u¿enie prze¿yæ

kobiet (p<0,0001), chorych z ra-

kiem prawego jelita grubego

(p<0,0001) i MSI (p=0,0007). Che-

mioterapia (p=0,0007) by³a rów-

nie¿ skuteczniejsza u mê¿czyzn

z rakiem prawego jelita grubego,

ni¿ u mê¿czyzn z rakiem lewo-

stronnym [12, 13]. 

Byliœmy równie¿ zainteresowani

tym, czy mo¿na przewidzieæ stan

wêz³ów ch³onnych w raku jelita

grubego III stopnia. W grupie 645

chorych blisko po³owa mia³a zajê-

ty jeden lub dwa wêz³y ch³onne,

pozostali trzy lub wiêcej wêz³ów.

Nowotwory wykazuj¹ce MSI cha-

rakteryzowa³y siê mniejsz¹ liczb¹

zajêtych wêz³ów (p=0,02). P³eæ,

lokalizacja nowotworu i mutacja Ki

nie mia³y wp³ywu na liczbê zajê-

tych wêz³ów. Nisko zró¿nicowane

nowotwory wykazywa³y wiêksz¹

liczbê zajêtych wêz³ów (p=0,007)

i by³y czêstsze wœród m³odszych

chorych (p=0,025) [14]. 

Wyniki naszych badañ zosta³y

potwierdzone przez inne grupy

i wykaza³y, ¿e MSI jest niezale¿nym

czynnikiem rokowniczym, zwi¹zanym

z d³u¿szym prze¿yciem (p<0,001)

i z mniejszym prawdopodobieñ-

stwem lokalnych czy odleg³ych

przerzutów (p<0,001) [15, 16]. 

METYLACJA

Metylacja odcinków promotoro-
wych mo¿e mieæ wp³yw na trans-
krypcjê genów i ewentualnie funk-
cje produktu danego genu. Sto-
pieñ metylacji wybranych genów
zosta³ oceniony u 58 chorych na
raka jelita grubego. Hipermetyla-
cjê genów hMLH1, p16 i MDR ob-
serwowano odpowiednio u 23, 29
i 28 proc. chorych. Hipermetyla-
cjê tych genów czêœciej znajdo-
wano w nowotworach z MSI
(p<0,001). Ponadto korelowa³a ona
z niskim zró¿nicowaniem histolo-
gicznym (p<0,001). Geny TS,
ATM, PARP i p21 nie wykazywa³y
hipermetylacji [17]. 

Gen myf-3 odgrywa wa¿n¹ rolê

w ró¿nicowaniu komórek miêœnio-

Colorectal carcinoma (CRC) is

a common malignancy in both ma-

les and females. Current treatment

modalities include surgery, chemo-

therapy, and irradiation of rectal le-

sions. Despite these interventions,

however, there is considerable va-

riance in treatment success. This

has been observed in same stage

tumours treated with standardised

surgical and chemo-therapeutic

schedules. It has been postulated

that these variations arise due to in-

herent differences in the tumour

characteristics, in particular their

molecular profiles. Identification of

patient groups who are likely to re-

spond to selected therapies may al-

low more appropriate patient selec-

tion for treatment whilst avoiding

treatment related side effects. In or-

der to achieve this, a number of

studies have been undertaken at

Sir Charles Gairdner Hospital in

Western Australia. These have fo-

cused on previously identified mo-

lecular markers that may be of pro-

gnostic value in CRC. They include

p53, K-ras, microsatellite instabilty,

methylation, methylene-tetra-hydro-

-folate reductase (MTFHR) polymor-

phism, and transforming growth

factor (TGF) beta type II. 

There are a number of other mar-

kers that have been found to be as-

sociated with CRC. Although not

formally tested in our institution,

a brief overview has been appen-

ded for completeness. These inc-

lude dihydropyrimidine dehydroge-

nase (DPD), thymidylate synthase

(TS), thymidine phosphorylase (TP),

vascular endothelial growth factor

(VEGF), and the bcl-2 gene. 

Key words: colorectal carcinoma

(CRC), molecular markers. 
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wych. Hipermetylacjê tego genu
stwierdzono w 88 proc. gruczolaków
jelita grubego i w 99 proc. raków je-
lita grubego. Stopieñ hipermetylacji
korelowa³ z wiekiem, z lokalizacj¹
nowotworu (proksymalny vs dystal-
ny), inwazyjnoœci¹ oraz z MSI [18]. 

Wyspy CpG s¹ charakterystycz-
ne dla niektórych raków jelita gru-
bego. Jednoczesna metylacja wie-
lu wysp CpG jest okreœlana jako
CpG island methylator phenotype
(CIMP). U 275 pacjentów z rakiem
stopnia II i III, CIMP korelowa³a
z nisko zró¿nicowanymi, prawo-
stronnymi rakami o wysokim stop-
niu (p<0,05). CIMP korelowa³o
ujemnie z obecnoœci¹ mutacji p53
(p<0,05) i dodatnio z obecnoœci¹
mutacji MTHFR u kobiet
(p=0,037). CIMP nie wykazuje
zwi¹zku z prze¿yciem, ale w po-
wi¹zaniu z innymi czynnikami mo-
¿e rokowaæ korzystn¹ odpowiedŸ
na leczenie chemiczne [19, 20]. 

POLIMORFIZM GENU MTHFR
(METHYLENE 

TETRAHYDROFOLATE 

REDUCTASE) 
Enzym MTHFR przetwarza po-

chodne folanu w metabolizmie pu-
ryn. Wariant TT tego genu przy-
czynia siê do obni¿enia poziomu
folanu w surowicy, obni¿enia me-
tylacji DNA w bia³ych krwinkach
i zwiêkszonego ryzyka rozwiniêcia
siê raka jelita grubego. W naszym
szpitalu porównano 501 pacjentów
chorych na raka jelita grubego
z 1 207 zdrowymi osobnikami.
Wariant TT czêœciej wystêpowa³
u chorych na raka (p=0,03), czê-
œciej wystêpowa³ tak¿e w rakach
z MSI (p=0,05) [21]. 

GEN RECEPTORA 
TRANSFORMUJ¥CEGO
CZYNNIKA WZROSTU BETA
TYPU II (TGF-B, RII) 

Gen TGF-B RII w raku jelita gru-

bego zachowuje siê jak gen supre-

sorowy (tumour suppressor gene,

TSG). Mutacja tego genu koreluje

z niskim zró¿nicowaniem nowotwo-

ru (p=0,006) i brakiem przerzutów

do wêz³ów ch³onnych (p=0,04), jak

wykazano u 210 chorych na raka

jelita grubego. Obecnoœæ tej muta-

cji wykazywa³a równie¿ trend wyd³u-

¿enia prze¿ycia i obecnoœæ mutacji

p53 i K-ras [22]. 

Istniej¹ jeszcze inne markery

molekularne zwi¹zane z rakiem je-

lita grubego – nie badane w na-

szym szpitalu. Wœród nich wystê-

puj¹: dehydrogenaza dihydropyri-

midinu (DPD), syntetaza tymidylatu

(TS), fosforylaza tymidinu (TP), na-

czyniowy œródb³onkowy czynnik

wzrostu (vascular endothelial growth

factor, VEGF) oraz gen bcl-2. 

DPD, TS I TP

DPD, TS i TP to enzymy zaan-

ga¿owane w metabolizmie piryri-

midyn, w tym fluorouracylu. Za-

uwa¿ono, ¿e chorzy na raka jelita

grubego z niskimi poziomami tych

enzymów wykazuj¹ lepsz¹ odpo-

wiedŸ na leczenie fluorouracylem.

Wysokie poziomy tych enzymów

wi¹¿¹ siê ze z³¹ odpowiedzi¹ na

leczenie chemiczne [23]. 

W stopniu IV raka jelita grubego

poziom TS w przerzutach jest zwi¹-

zany z odpowiedzi¹ na leczenie

fluorouracylem. Nie znaleziono na-

tomiast zwi¹zku miêdzy poziomem

TS w pierwotnych ogniskach nowo-

tworu i reakcj¹ na chemioterapiê,

sugeruj¹c, ¿e nastêpuje klonalne

zró¿nicowanie komórek przerzuto-

wych. Zjawisko to mo¿e wi¹zaæ siê

z ró¿nicami prze¿yæ w raku zloka-

lizowanym i przerzutowym [24]. 

VEGF

Czynnik VEGF odgrywa rolê

w angiogenezie, migracji komórek,

przebudowie macierzy miêdzyko-

mórkowej i przepuszczalnoœci na-

czyñ, co przyczyniaj¹ siê do po-

stêpu procesu nowotworowego.

Wykazano, ¿e poziomy VEGF s¹

wy¿sze u chorych na raka jelita

grubego ni¿ u zdrowych dawców

(p<0,0001) [25]. 

Wœród 121 chorych na raka je-

lita grubego w II stopniu zaawan-

sowania, nawrót choroby by³

czêstszy gdy stwierdzano VEGF

(p<0,001) [26]. 

Podobnie, poziomy VEGF kore-

lowa³y z wartoœci¹ T, obecnoœci¹

nacieków naczyñ limfatycznych,

postêpem choroby i poziomem en-

zymu TP. Na ogó³ VEGF rokuje

niepomyœlnie na prze¿ycie [27]. 

Bcl-2

Produkt onkogenu bcl-2 hamuje

apoptozê. Ekspresja bia³ka bcl-2

spada z transformacj¹ gruczolaka

w raka, a wewn¹trzkomórkowy po-

ziom mRNA bcl-2 wzrasta wraz ze

zró¿nicowaniem (p=0,027). Ekspre-

sja genu bcl-2 jest kontrolowana

potranskrypcyjnie [28]. 

Chorzy na raka jelita grubego

z nadekspresj¹ bcl-2 wykazuj¹ lep-

sz¹ reakcjê na chemioterapiê

(p=0,011). Ponadto ci, którzy reagu-

j¹ dobrze, maj¹ szansê na d³u¿sze

prze¿ycie (p=0,0013) [29, 30]. 

Powy¿ej opisano kilka swoistych

cech wybranych markerów raka

jelita grubego. Mutacje p53 czê-

œciej znajduje siê w rakach lewo-

stronnych, które rzadziej odpowia-

daj¹ na chemioterapiê. Jest to

wiêc cecha niepo¿¹dana. MSI

czêœciej wystêpuje w rakach prawo-

stronnych i u kobiet. Chorzy ci czê-

œciej odpowiadaj¹ na chemioterapiê,

a rzadziej obserwuje siê u nich

przerzuty do wêz³ów ch³onnych. MSI

rokuje d³u¿sze prze¿ycia – jest wiêc

cech¹ po¿¹dan¹. Hipermetylacja

wysp CpG dodatnio korelowa³a z ni-

sko zró¿nicowanymi, prawostronny-

mi rakami w zaawansowanej choro-

bie i ujemnie z obecnoœci¹ mutacji

p53. Dot¹d jest to marker o nieokre-

œlonej klinicznie wartoœci. Polimor-

fizm genu MTHFR na razie nie ro-

kuje d³u¿szego prze¿ycia, ale mo¿e

okazaæ siê markerem toksycznoœci

zwi¹zanej z chemioterapi¹. Gen re-

ceptora transformuj¹cego czynnika

wzrostu beta typu II zapowiada siê

jako czynnik rokowniczy, dotychczas

jednak jest zwi¹zany tylko z brakiem

przerzutów do wêz³ów ch³onnych.

Obecnie nadal bada siê p53, MSI,

metylacjê i polimorfizm genu MTHFR

w raku jelita grubego, jak i w innych

nowotworach, szczególnie w raku

piersi. 
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p53

The prognostic value of p53 in

CRC remains controversial. The

p53 tumour suppressor gene en-

codes for a nuclear phospho-pro-

tein involved in cellular respon-

ses to DNA damage. Mutations

of this gene are believed to ha-

ve an impact on these cellular

responses which usually take pla-

ce during the G1 cell arrest pha-

se of the cell cycle. These muta-

tions may potentially have clini-

cal consequences in the setting

of cell repair following the admi-

nistration of chemotherapy for co-

lonic adenocarcinoma. The inci-

dence of p53 mutations in CRC

has been reported to be as high

as 50%. In order to ascertain its

prognostic value in CRC, tumo-

urs of varying stage and site ha-

ve been scrutinised in recent

years. 

A series of 995 patients with

Dukes B and C CRC were eva-

luated for p53 status and selec-

ted clinical characteristics. Most

of these patients did not receive

adjuvant chemotherapy. p53 mu-

tations were found in 39% of pa-

tients. In this series p53 muta-

tions were found to be more pre-

valent in left sided tumours

(p=0.006). No association was

found between p53 status and

patient age, gender, tumour sta-

ge or grade [1]. 

Another series of 388 patients

with Dukes C CRC alone were

analysed for the presence of p53

mutation. The incidence of p53

mutation was 28% in all tumours.

A total of 133 received chemo-

therapy. The presence of p53

mutation did not predict for survi-

val in either the treated or untre-

ated group [2]. 

The prognostic value of p53

with respect to survival and re-

sponse to chemotherapy was in-

vestigated in the setting of Stage

III CRC. 891 patients were chec-

ked for p53 status and analysed

with respect to response to che-

motherapy. About one third of

these patients received adjuvant

fluorouracil based chemotherapy.

289 patients were found to have

the p53 mutation. In this setting

those patients with normal p53

variants were found to benefit

from chemotherapy (p=0.041),

where those with p53 mutations

clearly had no benefit from rece-

iving adjuvant treatment. This is

the first time such a finding has

been made [3]. 

The prognostic significance of

p53 alterations was also investi-

gated in Dukes C rectal cancer

alone. In a consecutive series of

122 patients who were followed

up for a median period of 56

months, 47 exhibited mutations

of the gene. One third underwent

post-operative adjuvant chemo-

therapy. The presence of the p53

mutation was not found to be as-

sociated with an improved re-

sponse to fluorouracil based

chemotherapy, nor improved ove-

rall survival amongst the whole

cohort [4]. 

Further to this, p53 status was

also analysed in the neo-adjuvant

setting. 48 patients with locally

advanced rectal cancer were tre-

ated with pre-operative chemo-ra-

diation prior to undergoing defi-

nitive surgery. 35% of tumours

exhibited p53 mutation and 40%

had p53 protein accumulation.

Neither of these alterations, ho-

wever, was associated with re-

duction in tumour size or local

failure [5]. 

Ultimately it may be difficult to

substantiate p53 as a reliable

predictor of outcome or response

to chemotherapy. This is becau-

se of its complicated role in cell

signaling and multiple pathway in-

teractions, including p21, bax,

and bcl-2. Prospective study of

this gene may be more helpful in

elucidating its role as a marker of

outcome and response. 

K-ras

In addition to p53, mutations of

the K-ras oncogene are one of

the most common in human ma-

lignancies. It has been supposed

that mutation of this gene incre-

ases the risk of this disease, its

recurrence, and ultimately death.

It has been found to correlate

with the presence of p53 muta-

tions, and with a relatively low

frequency in rectal cancer [6]. 

In our institution the presence

of this mutation has not been fo-

und to be correlated to a clinical

survival outcome [7]. 

MISMATCH REPAIR

Microsatellite instability is a fe-

ature of tumours characterised by

a defective DNA mismatch repair

sequence. Up to 15% of CRC

may exhibit MSI, up to of which

5% may be in hereditary non-po-

lyposis colon cancer (HNPCC).

The defect is commonly a conse-

quence of post-transcriptional si-

lencing of the hMLH1 repair ge-

ne, amongst others. When present

in tumours, this defect impairs cel-

lular repair of tumour cells, espe-

cially following chemotherapeutic

intervention. In addition to the

work undertaken at our institution,

there is a body of evidence to

suggest that MSI is predictive of

a clinical survival advantage [8]. 

Initially a series of 388 pa-

tients with Dukes C colonic ade-

nocarcinoma were analysed for

the presence of microsatellite in-

stability. The presence of MSI

was found to be associated with

improved survival at 5 years of

follow up (58%) compared to

those patients who were MSI ne-

gative (32%; p=0.017). Although

one explanation for this differen-

ce may be that in this cohort
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more patients with MSI received

chemotherapy than those nega-

tive for MSI [9, 10]. 

Furthermore, microsatellite in-

stability was found to be inverse-

ly correlated to the presence of

p53 mutation in Stage III CRC

(p<0.0001). This is consistent

with both microsatellite instability

and normal p53 being predictive

of favourable responses to che-

motherapy [11]. 

Once the trend of MSI in su-

rvival was established, other pa-

rameters were considered. 656

patients with Dukes C CRC were

stratified by gender, tumour site,

and presence of microsatellite in-

stability and investigated for re-

sponse to chemotherapy. There

was a clear survival advantage

for patients who were female

(p<0.0001), those with right sided

tumours (p<0.0001), and those

with microsatellite instability

(p=0.0007). Of note, men with ri-

ght sided tumours also benefited

from chemotherapy (p=0.0007),

but men with left sided tumours

did not. These factors need to

be taken into account when ma-

king recommendations regarding

chemotherapy [12, 13]. 

Stage III CRC was investigated

to determine whether extent of no-

dal involvement correlated with the

microsatellite instability, Ki muta-

tion, patient gender, or tumour si-

te. Of 645 patients reviewed, abo-

ut half had one or two nodes in-

volved with tumour, whilst the other

half three or more. Tumours which

exhibited microsatellite instability

were associated with less frequent

lymph node involvement (p=0.02).

The other parameters weren’t cor-

related with the number of lymph

nodes affected by tumour. Of no-

te, tumours that were poorly diffe-

rentiated were associated with

a greater lymph node burden

(p=0.007), as were tumours from

younger patients (p=0.025) [14]. 

Further to our own investiga-

tions, MSI has been independen-

tly shown to be associated with

a survival advantage independent

of other prognostic factors

(p<0.001), with decreased likeli-

hood of local or distal metasta-

ses (p<0.001) [15, 16]. 

METHYLATION

The methylation status of se-

lected genes was investigated in

a series of 58 colorectal can-

cers. Methylation of the hMLH1,

P16, and MDR genes occurred

with a frequency of 232, 29, and

28% respectively. Methylation of

these genes was more frequent

in tumours positive for MSI

(p<0.001) and correlated stron-

gly with poor histological diffe-

rentiation (p<0.001). The TS,

ATM, PARP, and p21 genes did

not exhibit methylation. Further

clinical associations are under in-

vestigation [17]. 

The Myf-3 gene is involved in

muscle cell differentiation. Hyper-

methylation of this gene was fo-

und in 88% of colonic adenomas

and 99% of colonic carcinomas.

The level of hypermethylation cor-

related with patient age, proximal

rather than distal colon, tumour

invasiveness, and those tumours

that were positive for MSI [18]. 

CpG islands are distinct gene-

tic base signatures found in cer-

tain colorectal cancer subpopula-

tions. The CpG island methylator

phenotype (CIMP) is characterised

by simultaneous methylation of

multiple islands. A cohort of 275

stage II and III CRC patients was

analysed to find if there was any

correlation between the presence

of CpG island methylation and

other molecular markers in this di-

sease. Concurrent methylation was

found to be more prevalent

amongst poorly differentiated, right

sided, high stage tumours, with fe-

wer Tp53 mutations when compa-

red to CIMP negative tumours

(p<0.05). Furthermore, CIMP posi-

tive tumours were found to be mo-

re common in females who carried

at least one allele of the MTHFR

polymorphism (p=0.037). Although

CIMP status had no prognostic va-

lue in tumours treated by surgery

alone it may yet act as a surroga-

te marker for response to chemo-

therapy on account of its associa-

tion with the other parameters. It

is important to note that microsa-

tellite instability and CpG island

methylator phenotype appear to

be molecular signatures of right si-

ded CRC, which may need to be

considered as a separate patholo-

gical entity that warrants directed

study and subsequent manage-

ment in its own right [19, 20]. 

METHYLENE-TETRA-
-HYDRO-FOLATE 
REDUCTASE (MTFHR) 
POLYMORPHISM

The MTFHR enzyme facilitates

methylation by catalysing folate in-

termediates in purine metabolism.

A polymorphic variant of this enzy-

me (TT) appears to produce redu-

ced plasma levels of folate, redu-

ced DNA methylation in white blo-

od cells, and increased risk of

CRC. 501 patients with CRC were

compared with 1207 healthy control

subjects. The MTFHR TT genotype

was more frequent in older patients

with CRC than age matched con-

trols (p=0.03) and was twice as fre-

quent in tumours which exhibited

microsatellite instability (p=0.05).

Further evaluation is being under-

taken in order to establish this ge-

netic signature as a diagnostic

marker of CRC and prognostic mar-

ker of tumour response to therapy,

respectively [21].

TRANSFORMING GROWTH
FACTOR-BETA TYPE II

The transforming growth fac-

tor-beta (TGF-B) type II receptor
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(RII) gene may behave like a tu-

mour suppressor gene in CRC.

In a cohort of 210 patients with

right sided CRC, mutations in RII

were found to be associated with

poor histological differentiation

(p=0.006) and absence of lymph

node invasion (p=0.04). There

was also a trend for improved

survival in addition to the pre-

sence of p53 and K-ras muta-

tions (NS). Tumours with RII mu-

tations were found in 86% of

those that exhibited microsatelli-

te instability, and appear to sha-

re similar clinico-pathological fe-

atures [22]. 

DPD, TS AND TP

Dihydropyrimidine dehydroge-

nase is an enzyme, which meta-

bolises pyrimidines, including flu-

orouracil. Thymidylate synthase

and thymidine phosphorylase are

other enzymes which contribute

to pyrimidine catabolism. It has

been found that colorectal tumors

that respond to 5-fluorouracil ha-

ve low gene expression levels of

dihydropyrimidine dehydrogena-

se, thymidylate synthase, and

thymidine phosphorylase. High in-

tra-tumoral values of these enzy-

mes predict for tumours, which

do not respond to 5-FU [23]. 

It has also been found that in-

tra-tumoral levels of TS in colo-

rectal cancer metastases predict

for response to 5-FU. But in this

cohort intra-tumoral levels in the

primary lesion did not necessari-

ly correlate with response to che-

motherapy, suggesting there may

be clonal differentiation of the

metastatic lesions [24]. 

In Stage II CRC low levels of

TS have been shown to be asso-

ciated with lower rates of tumour

recurrence and matastases, and

improved overall survival. High le-

vels of TP have been found to

correlate with tumour T stage,

lymph node involvement, tumour

vascularity, and decreased overall

survival. 

VASCULAR ENDOTHELIAL
GROWTH FACTOR

Vascular endothelial growth

factor is essential in angiogene-

sis and tumour progression. It al-

so plays a role in cell migration,

extra-cellular matrix remodelling,

and permeability. It has been

shown that VEGF levels are hi-

gher in patients with colorectal

cancer when compared with

healthy controls (p<0.0001) [25]. 

In a series of 121 patients with

Stage II colon cancer it was fo-

und that recurrence was more

common in VEGF positive tu-

mours (p<0.001) [26]. 

In Stage II CRC serum levels

of VEGF were found to be asso-

ciated with tumour T stage, lym-

phovascular invasion, and dise-

ase progression. Incidentally,

VEGF levels also correlated with

TP levels, another poor progno-

stic marker [27]. 

Bcl-2

The oncogene bcl-2 product

inhibits apoptosis which under

normal circumstances would lead

to cell death. The expression of

the bcl-2 gene product has be-

en found to decrease with diffe-

rentiation from adenoma to carci-

noma, whilst cellular levels of

bcl-2 mRNA increase (p=0.027).

This supports post transcriptional

control of the bcl-2 gene product,

although does not recognise it as

a prognostic tool [28]. 

It has been shown that pa-

tients in whom bcl-2 is over-

expressed in primary CRC are

more likely to respond to chemo-

therapy (p=0.011). Additionally,

those who show a good respon-

se to chemotherapy in CRC also

exhibit improved survival

(p=0.0013) [29, 30]. 

Thus far we have made

a number of significant findings

regarding molecular markers in

CRC. p53 mutations have been

shown to be associated with left

sided tumours and less likely to

respond to chemotherapy in se-

lected patients, hence a marker

of poor outlook. MSI has been

shown to be associated with ri-

ght sided tumours, less frequent

lymph node involvement, more

prevalent amongst females, with

better response to chemotherapy

and overall improved survival;

a marker of better prognosis. Me-

thylation of CpG islands was fo-

und to be correlated with poorly

differentiated, right sided, high

stage tumours, and fewer Tp53

mutations but thus far is not cle-

arly a positive or negative pro-

gnostic factor. The MTHFR poly-

morphisms remain to be proven

as predictors of survival and are

more likely to be markers of to-

xicity due to chemotherapy. The

TGF-B RII gene may yet be

a marker of positive outcome, but

thus far has only been shown to

predict the absence of lymph no-

de invasion. Currently we are un-

dertaking further study of markers

including p53, microsatellite insta-

bilty, methylation, and the MTFHR

polymorphism in CRC as well as

other malignancies, including bre-

ast cancer. 
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