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The de vel op ment of new blood ves sels is a pre req -

ui site for pro gres sion of ma lig nant neoplasms. Fac tors

that in duce neoangiogenesis in clude VEGF, VEGF-C,

VEGF-D, PD-ECG, ANG-2, TSP-1, HIF-1 and HIF-2.

From the etio pathogenetic view point, colorectal car ci -

noma is he tero genic. It may de velop via a se quence of

mu ta tions lea d ing to chro mo some in sta bil ity or else re -

sult from DNA re pair de fects, which are man i fested as

microsatellite in sta bil ity. The ob jec tive of the pres ent

in ves ti ga tions was the com par i son of neoangiogenesis

in microsatellite-sta ble colorectal car ci no mas, as well

as in tu mors with low and high in sta bil ity lev els. The

ma te rial in cluded 71 sur gi cal cases of colorectal car ci -

noma. Ves sel den sity was as sessed by immuno histo -

chemical re ac tions to CD34 and vWf, cal cu lat ing the

num ber of ves sel sec tions within the in va sion mar gin,

in vi sual fields se lected at ran dom, and within hot

spots. Microsatellite in sta bil ity was eval u ated in

frozen ma te ri als em ploy ing the PCR re ac tion with gel

and cap il lary elec tro pho re sis. In all the cases, the au -

thors de tected CD34+ and less nu mer ous vWf+ ves sels

within the tu mor and in its vi cin ity. In 45 cases, no

microsatellite in sta bil ity was found, in 13 cases, low

level in sta bil ity (MSI-L) was ob served, and in an other

13 – high microsatellite in sta bil ity (MSI-H). Some dif -

fer ences in ves sel den sity were noted be tween the

above groups, yet they were not sta tis ti cally sig nif i -

cant. On the other hand, the au thors ob served more

nu mer ous CD34+ ves sels in cases with metastases to

the re gional lymph nodes. In con clu sion, it is sug gested

that neoangiogenesis in spo radic colorectal car ci noma

is di rectly re lated to met a static po ten tial, but not to

MSI sta tus. 

In tro duc tion

Angiogenesis (AG), i.e. the for ma tion of small blood

ves sels, oc curs in the course of ontogenesis, but un der nor -

mal con di tions does not take place in an adult hu man. On the 

other hand, AG par tic i pates in var i ous patho log i cal pro -

cesses, such as wound heal ing or or ga ni za tion of in flam ma -

tory exudate. AG is in dis pens able for the de vel op ment of

can cers. Only very early tu mors, few mil li me ters in size,

may be sup ple mented by dif fu sion from their neigh bor hood. 

Ac quir ing the abil ity to in duce AG is nec es sary for tu mor

pro gres sion. In the case of some dis eases, such as breast car -

ci noma, the den sity of the vas cu lar net work may be an in de -

pend ent prog nos tic fac tor; in other en ti ties, such as clear cell 

car ci noma of the kid ney, no such re la tion has been ob -

served. In re cent years, the in ter est in angiogenesis in ves ti -

ga tions has in creased [11]. 

Ac cord ing to con tem po rary views, 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 re lated to DNA re pair de fects and microsatellite

in sta bil ity (MSI-H). There is also a sep a rate group, where

in sta bil ity is ob served in a small num ber of loci (MSI-L).

The sig nif i cance of this group and its po si tion in the clas si fi -

ca tion are not clear. Clin i cal prop er ties of the MSI-L can cers 
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are sim i lar to these char ac ter is tic of the MSS group; how -

ever, it seems that sub tle but sig nif i cant dif fer ences ap pear

on the mo lec u lar level. The MSI-H can cers have been sug -

gested to de velop via a sep a rate carcinogenetic route [15, 8].

Ma te rial and Meth ods 

The ma te rial con sisted of colorectal car ci noma cases

treated at the 1st Chair of Gen eral Sur gery, Collegium Me -

dicum, Jagiellonian Uni ver sity. Fresh sur gi cal ma te rial was

re ferred to the Chair of Pathomorphology. Af ter the gross

as sess ment, sec tions were se lected from the tu mor and the

in tes tine wall sit u ated equi dis tant from the le sion and mar -

gin. Tu mor sec tions were col lected from the pe riph eral

zone, by pass ing ul cer ated and ne crotic areas. These spec i -

mens were placed in the Eppendorf test tubes and frozen at

the tem per a ture of –40oC. The re main ing ma te rial was fixed

in 10% buf fered for ma lin for 24 hours. The fixed ma te rial

served for sec tion col lec tion ac cord ing to the stan dard pro -

to col [25]. The sec tions were pro cessed in a rou tine man ner

us ing au to matic tis sue pro ces sors man u fac tured by

Shandon, em bed ded in par af fin, cut into 3-mm thick sec tions 

and stained with hematoxylin and eosin for histo -

pathological eval u a tion. This was done rou tinely, and tu mor 

stage was de fined in con cor dance to the TNM clas si fi ca -

tion [7]. 

Microsatellite anal y sis was done ac cord ing to the pre vi -

ously pub lished pro to col [21]. 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), 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 ml of the 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 (10 nM), 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, 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) 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). 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). 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-L 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-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 micro sate -

llite-sta ble (MSS) car ci no mas [16].

For immunohistochemistry, HE stained sec tions were

re viewed, and sec tions con tain ing rep re sen ta tive and

well-pre served car ci noma to gether with the tu mor mar gin

were cho sen. Three-mm thick sec tions were cut from the

se lected par af fin blocks and used for stan dard immuno -

histochemical re ac tions. 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 car ried out by microwaving in ci trate buffer

(0.2% cit ric acid ti trated to pH 6.0 with 2 N NaOH) for

3×5 min utes at 750 W. The pri mary an ti bod ies for vWf

(clone F8/86, DAKO, Den mark) di luted to 1:25 and for

CD34 (clone QBEnd10, DAKO, Den mark) di luted to 1:25 

were used. The ENVISION+ (DAKO, 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 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-ethyl carba -

sole (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). Positivity 

was de fined as dis cern ible, pos i tive ves sel pro files, cell

groups and in the case of vWf re ac tions also sin gle cells

that would show dis tinct, gran u lar cy to plas mic re ac tion.

In the case of CD34, slightly pos i tive re ac tion in the

stromal spindled cells (“fibrocytes”) was dis re garded.

The as sess ment of ves sel den sity was per formed un der an 

Axioskop mi cro scope (Zeiss, Ger many) with a Plan-Neo fluar

40× lens (di am e ter of view field 0.49 mm). The num ber of

pro files of CD34+ ves sels was counted in ten fields of view

se lected at ran dom (CD34 ran dom). Sub se quently, the sec tion 

was as sessed un der a lower mag ni fi ca tion, se lect ing an area

with the high est ves sel den sity and cal cu lat ing the num ber of

pro files of CD34+ ves sels in ten fields of view (CD34 hot

spot). Fi nally, the num ber of CD34+ ves sels within the in ter -

face be tween the tu mor and the sur round ings (CD34 bor der)
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was counted. The same was done for vWf stained slides. Firstly, the

num ber of pro files of vWf+ ves sels was counted in ten fields of view 

se lected at ran dom (vWf ran dom). Sub se quently, the sec tion was as -

sessed un der a lower mag ni fi ca tion, se lect ing an area with the high -

est ves sel den sity and cal cu lat ing the num ber of pro files of vWf+

ves sels in ten field of view (vWf hot spot). Fi nally, the num ber of

vWf+ ves sels was counted within the in ter face be tween the tu mor

and the sur round ings (vWf bor der). 

The sta tis ti cal anal y sis was per formed with STATISTICA 6 

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

dif fer ences, the U Mann-Whit ney test and Kruskall-Wallis

ANOVA were used, when ap pro pri ate; the fre quen cies were

com pared with the Pearson’s c2 test. The cor re la tions be tween

the vari ables were as sessed by the Spearman’s and gamma cor -

re la tion co ef fi cients. The sig nif i cance level was set to 0.05.

Re sults 

The ma te rial con sisted of 71 cases. The F:M ra tio was 32 to

39; the mean age of the pa tients was 64.2 years, range 34 to 87, SD 

10.0. 

The tu mors were lo cated in the ce cum and as cend ing co lon in

eight cases (11.2%), trans verse co lon in 14 cases (19.7%), de -

scend ing co lon in two cases (2.8%), in sig moid in 24 cases

(33.8%), and in rec tum in 23 cases (32.5%). The mean di am e ter of

the tu mor was 5.2 cm (range 1.5 to 15 cm, SD 2.48). Twenty-three

cases (32.4%) were Astler-Coller stage B-1, seven (9.8%) stage

B-2, six (8.5%) stage C-1, 29 (40.8%) stage C-2 and six (8.5%)

stage D. Ac cord ing to TNM sys tem, 31 cases (47.7%) were stage

pT2, 36 (50.7%) – stage pT3 and four (5.6%) – stage pT4. In 30

cases (42.3%), there were no lymph node metastases (pN0),

whereas 13 cases (18.3%) were stage pN1 and 28 cases (39.4%) –

stage pN2. In the cases with lymph node metastases, the mean per -

cent age of pos i tive nodes was 33.5% (range 3–100%, SD 24.17).

In 60 cases (84.5%), the sur gi cal mar gins were tu mor-free (pR0),

and in 11 (15.5%), the mar gins were mi cro scop i cally positive

(pR1). 

In 40 cases (56.3%), no ves sel in va sion was seen, in eight

cases (11.3%), there was larger ves sel in va sion (pV1) only, in 12

in stances (16.9%) there was smaller ves sel in va sion (pL1) only,

and 11 cases (15.5%) were both pL1 and pV1. The

grade was G-I in 23 (32.4%) cases, G-II in 38 (53.5%) 

cases, and G-III in ten (14.1%) cases. The tu mor mar -

gins were in fil trat ing in 29 cases (40.8%), mixed in 32 

cases (45.1%), and push ing in ten (14.1%) cases. The

MSI sta tus was sta ble (MSS) in 45 cases (63.4%),

MSI-L in 13 cases (18.3%), and MSI-H in 13 cases

(18.3%).

In all the cases, immunohistochemistry dem on -

strated the pres ence of small ves sels within the tu -

mor and its vi cin ity. CD34-pos i tive ves sels were

nu mer ous and formed eas ily dis cern ible hot spots.

These foci man i fested a ten dency to wards be ing sit -

u ated in the luminal part of the tu mor. The re sults of

ves sel count ing are shown in Ta ble 1. The counts

per formed us ing CD34 and vWf stains were pos i -

tively cor re lated, though only the count done at the

in fil trat ing bor der significantly (R=0.33, p<0.006).

No sta tis ti cally sig nif i cant dif fer ences were found

in ves sel den sity as re lated to tu mor lo ca tion. There

were some dif fer ences in ves sel count de pend ing on

the MSI sta tus (Ta ble 2), but they were sta tis ti cally

non sig nif i cant. The size of the tu mor was pos i tively 

cor re lated with the vWf bor der pa ram e ter (R=0.23,

p<0.05), and weakly with vWf ran dom (R=0.13)

and vWf hot spot (R=0.16). CD34 ran dom and

CD34 hot spot were neg a tively cor re lated with tu -

mor size (R=–0.14 and R=–0.09, re spec tively), and
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TABLE 1
Val ues of ves sels count ob tained by four meth ods

mean (min – max) SD

CD34 random 112.61 (14 – 211) 40.12

CD34 hot spot 168.96 (14 – 333) 53.95

CD34 border 125.62 (15 – 296) 43.21

vWf random  16.28 (1 – 74) 14.25

vWf hot spot  34.41 (1 – 102) 27.04

vWf border  26.31 (0 – 63) 16.89

TABLE 2
Re la tion ship be tween ves sel counts and MSI sta tus

CD34 random CD34 hot spot CD34 border vWf random vWf hot spot vWf border

mean SD mean SD mean SD mean SD mean SD mean SD

MSS 112.84 39.00 170.47 55.43 127.67 45.15 15.29 13.80 34.22 29.64 24.13 16.69

MSI-L 103.85 44.51 171.92 45.25 126.54 40.49 14.38 9.98 28.85 17.61 30.54 17.68

MSI-H 120.54 41.01 160.77 59.81 117.62 41.11 21.62 18.67 40.62 25.67 29.62 16.81



CD34 bor der showed a mar ginal cor re la tion only

(R=0.05). There was no sig nif i cant re la tion ship be tween

ves sel count re sults and the age or sex of pa tients. There

was a mar gin ally sig nif i cant (p=0.05) dif fer ence in CD34

bor der pT stages (Fig. 1). Lymph node-pos i tive cases had

sig nif i cantly lower CD34 bor der as com pared to neg a tive

cases (mean 138.1, SD 52.57 vs. mean 116.5, SD 32.58,

p<0.05). CD34 bor der also dem on strated a ten dency to -

wards a neg a tive cor re la tion with the per cent age of met a -

static lymph nodes (R=–0.20). There was a ten dency

to wards a pos i tive cor re la tion be tween CD34 ran dom and

the de gree of histological dif fer en ti a tion (gamma 0.17), as 

well as a ten dency to wards a po s i tive cor re la tion be tween

vWf bor der and the de gree of dif fer en ti a tion (gamma

–0.20), but none of these cor re la tions was sta tis ti cally sig -

nif i cant. 

Dis cus sion 

The for ma tion of blood ves sel net work (angiogenesis,

AG) is an in dis pens able step in can cer de vel op ment and

pro gres sion. In the ini tial phase of their growth, tu mors are

sup plied with ox y gen and nu tri ents through sim ple dif fu -

sion from the sur round ing tis sues. How ever, the pro cess is

spa tially lim ited and, there fore, tu mors that do not pos sess

the ca pac ity of AG in duc tion can not grow to a size huger

than few mil li me ters. Can cer ac quir ing the abil ity to in duce

angiogenesis is also in dis pens able for me tas ta sis for ma tion.

An in ter est ing con tri bu tion to the topic of AG in can cer pro -

gres sion is the re port by Pavlopoulos et al. [22]. These in -

ves ti ga tors found sig nif i cant dif fer ences in the den sity of

blood ves sel branching in adenomas vs. colorectal car ci no -

mas. Such a dif fer ence might have been evoked by VEGF.

How ever, no dif fer ences in AG re lated to tu mor stage were

seen once the car ci noma arose.

The for ma tion of ves sels within the tu mor interstitium

de pends on nu mer ous fac tors. The ex act role of var i ous

angiogenesis-reg u lat ing fac tors in colorectal car ci no mas

has not been fully elu ci dated [26]. VEGF is the chief me di a -

tor of angiogenesis, while bFGF ap pears to be less po tent.

On the other hand, in the course of the le sion pro gress ing

from an adenoma to var i ous stages of colorectal car ci noma,

a par al lel in crease is noted in microvessel den sity (MVD)

and bFGF ex pres sion, whereas the ex pres sion of VEGF

does not change [26]. VEGF pro duc tion in can cer has been

sug gested to de pend on the pres ence of mu tated p53, al -

though this mech a nism is most likely not the only one in

ope ra tion [11]. Of AG-in duc ing me di a tors, VEGF may

show the stron gest as so ci a tion with the prog no sis, at least in

higher stage cases. Kaio et al. iden ti fied as prog nos tic fac -

tors met a static in volve ment of the lymph nodes and VEGF

ex pres sion [9]. Be side VEGF-A also VEGF-D and C might

be in volved in AG. White et al. found that VEGF-D was

pres ent in colorectal car ci no mas, but not in adenomas.

VEGF-D might be as so ci ated with the for ma tion of new

lym phatic rather than blood ves sels, al though the au thors

did not ob serve any re la tion be tween VEGF-D ex pres sion

and VEGFR-3-pos i tive ves sel den sity. One should bear in

mind, how ever, that the lat ter marker has a lim ited value in

dif fer en ti at ing lymph and blood ves sels. In the above- men -

tioned re port, an as so ci a tion was noted be tween VEGF-D

and the den sity of all small ves sels [29]. VEGF-C ex pres -

sion may be re lated to the risk of in va sion of intra tumor ves -

sels [6]. In the pub li ca tion by Kaio et al., PD-ECGF, VEGF

and VEGF-C ex pres sion in the in va sion front was dem on -

strated to be as so ci ated with ves sel den sity [9]. A sig nif i cant 

fac tor that reg u lates angiogenesis is agiongiopoietin–2

(ANG–2). Ac cord ing to Ochiumi et al., VEFG and ANG-2

co-ex pres sion in the in va sion front shows a sig nif i cant as so -

ci a tion with new ves sel for ma tion. The pres ence of ANG-2

alone is not suf fi cient to in duce AG [20]. Also, COX-2 ex -

pres sion may be re lated to the AG ini ti a tion. The ef fect

might be partly re spon si ble for the prog nos tic value of

COX-2 ex pres sion [19]. A fun da men tal fac tor that in duces

the for ma tion of new blood ves sels is hypoxia, whose ef fect

de pends on the pro duc tion of hypoxia-in duc ible fac tors

(HIFs). Ac cord ing to Yoshimura et al., HIF–2 is the chief

sub stance op er at ing in AG, while both HIF-1 and HIF-2 af -

fect the pro gres sion of colorectal car ci no mas and the prog -

no sis [31]. HIF-1 might act through in duc ing the pro duc tion 

of VEGF. Kuwai et al. ob served that HIF-1 ex pres sion was

as so ci ated with ves sel den sity in the tu mor, as well as with

the risk of ves sel in va sion. Nev er the less, HIF-1 does not

dem on strate a sig nif i cant cor re la tion with the prog no sis

[12]. An im por tant cor re la tion with MVD has been dem on -

strated for Ets-1, pos si bly through its as so ci a tions with
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VEGF ac ti va tion path ways [27]. On the other hand,

thrombospondin-1 (TSP-1) may con sti tute a factor that pre -

vents new ves sel for ma tion [18]. Apart from their paracrine

ac tiv ity, both VEGF and TSP-1 may be also de tected sys -

tem i cally. Se rum VEGF has been found to affect the

prognosis. VEGF and other angiogenesis-pro mo ting factors 

may be produced by tumor cells but also inflammatory cells

recruited by the tumor [23, 24, 28]. In the opinion of

Acikalin et al. such a source of angiogenic factors might be

mast cells [1].

The prog nos tic im por tance of AG in ten sity and its as so -

ci a tion to other clinico-patho log i cal pa ram e ters in colo rec -

tal car ci no mas are not com pletely clear. Tabara et al.

ob served that in small tu mors of the co lon there was a pos i -

tive cor re la tion be tween ves sel den sity and tu mor size [26],

whereas Pavlopoulos et al. noted a de crease in ves sel den -

sity in higher stage tu mors [22]. Li et al. [13] de tected a de -

cline in ves sel den sity and tu mor per fu sion in higher stage

dis ease, but failed to find any as so ci a tion with metastases.

ANG-2 ex pres sion is re lated to the de gree of tu mor dif fer en -

ti a tion, lymph and blood ves sel in va sion, metastasizing dis -

ease and tu mor stage [20]. Barozzi et al. [2] dis cov ered that

colorectal car ci no mas with re mote metastases were char ac -

ter ized by sig nif i cantly higher MVD val ues. Nev er the less,

the re sults of the multivariate anal y sis did not con firm MVD 

to be an in de pend ent fac tor in prog nos ti cat ing the pres ence

of metastases. In the opin ion of Ochiumi et al., in de pend ent

prog nos tic fac tors in colorectal car ci no mas in clude – apart

from met a static lymph node in volve ment – also VEGF and

ANG–2 ex pres sion in the in va sion front [20]. Kaio et al.

stress the prognostic importance of VEGF-C and PD-ECGF

in the invasion front in addition to VEGF-A [9]. 

The pathogenesis of colorectal car ci noma is not uni form.

In the ma jor ity of cases, nu mer ous and ex ten sive DNA ab nor -

mal i ties are ob served as chro mo some in sta bil ity. Ap prox i -

mately 10–20% of car ci no mas are as so ci ated with DNA

re pair de fects. The ef fect of im paired DNA re pair mech a -

nisms is man i fested as an ac cel er ated mu ta tion rate, with mu -

ta tions oc cur ring even sev eral hun dred times faster as

com pared to nor mal tis sues. This is par tic u larly true for short,

re pet i tive se quences, such as microsatellite DNA (micro -

satellite in sta bil ity – MSI) [3, 5]. The de gree of DNA re pair

im pair ment may be di ver si fied. Cases with changes in volv ing

less than 30–40% of the in ves ti gated microsatellite loci are

termed “MSI-L” [3]. The po si tion of this group of can cers in

the clas si fi ca tion is un clear. The clin i cal and mor pho log i cal

prop er ties of these tu mors make them sim i lar to MSS car ci no -

mas, yet Jass et al. pro posed MSI-L can cers as a group char ac -

ter ized by a sep a rate or i gin and pathogenesis [8]. 

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

re mains un clear, al though there is an in creas ing body of ev i -

dence 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, with cases be long ing

here be ing sup posed to have a better prog no sis [14], al -

though ac cord ing to Kakar et al. [10], the MSI sta tus is

prognostically sig nif i cant in the univariate anal y sis only,

whereas other pub li ca tions do not sup port such an as so ci a -

tion [32]. On the other hand, the re sponse of MSI-H car ci no -

mas to ther apy is be lieved to be poorer than it is ob served in

the re main ing colorectal car ci no mas [4]. Data on the sig nif i -

cance of the MSI-L cat e gory are much scarcer. Wright et al.

ob served that tu mors of this group have a poorer prog no sis

as com pared to car ci no mas with out microsatellite in sta bil ity 

[30]. Colorectal car ci no mas as so ci ated with var i ous routes

of carcinogenesis might dif fer in their abil ity to in duce the

growth of vas cu lar net work. Thus, Losi et al. in ves ti gated

colorectal car ci no mas in pa tients with the Lynch II syn -

drome and noted that such tu mors were char ac ter ized by

lower den sity of the vas cu lar net work than spo radic can cers

[17]. The pres ent re sults sug gest that the dif fer ences in the

bi ol ogy and prog no sis be tween colorectal carcinomas with

varying degrees of microsatellite instability may not be

determined by differences in AG. 

The meth ods for AG as sess ing are not fully stan dard -

ized. The most com monly em ployed method is his tol ogy

based with immunohistochemical stain ing. To de tect

small ves sels, immunohistochemical re ac tions with pri -

ma ry an ti bod ies against an ti gens spe cif i cally pres ent on

en do the lial cells are used. Many such an ti bod ies are com -

mer cially avail able, and may mark dif fer ent sub sets of

ves sels. Li et al. [13] com pared histological as sess ment of

ves sel den sity and tu mor per fu sion in colorectal car ci no -

mas mea sured by ra dio log i cal method. They found no as -

so ci a tion be tween these pa ram e ters. The cited-above

au thors are of opin ion that eval u at ing per fu sion may be of

a greater clin i cal ben e fit than the as sess ment of vas cu lar

net work den sity. There is ev i dence sup port ing the no tion

that the as sess ment of angiogenesis-reg u lat ing fac tors as

VEGF, VEGF-C, VEGF-D, Ets-1 and TSP-1 might also

be of prog nos tic sig nif i cance [6, 18, 29].
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