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Objective

Carcinomas of the colon and rectum are the third leading
cause of cancer-related deaths. Although advances in the
surgical treatment of primary colorectal cancers have lead
to improvements in patient survival at early tumor stages,
treatment of more progressive cancers has not resulted in
dramatic improvements in patient survival. However, the
selection of patient subgroups based on their prognosis
and other characteristics could result in improved out-
comes from adjuvant therapies in patients with Dukes B
and C carcinomas.

Methods

The authors reviewed the available data on the value of cell
surface molecules in assessing the prognosis of colorectal
carcinomas, paying specific attention to the evaluation of sta-

Results

Cell surface molecules have been identified on colorectal car-
cinoma cells whose expression appears to be related to ma-
lignant transformation, tumor progression, or patient progno-
sis. Among these cell surface molecules, various cell adhesion
molecules, growth factor receptors, proteinases, and their
receptors and inhibitors have been identified as potentially
useful prognostic markers.

Conclusions

Although data exist on the prognostic values of certain cell sur-
face markers, the use of multivariate analysis for the identification
of valuable prognostic factors remains uncommon. Using repro-
ducible and standardized multivariate analysis procedures, new
tumor markers should be carefully examined for their biologic
and prognostic relevance before being considered as potentially

tistical analysis and multivariate procedures. useful in the management of colorectal cancers.

Carcinomas of the colon and rectum will affect approx-for the final steps in the progression sequence that lead to
imately 6% of the population (1 of 17) in the United Statesnvasion and metastasis.
during their lifetime. Approximately one third of the esti- Tumor invasiveness and the development of metastases
mated 130,000 new patients per year will die within 5 yearare the most important factors, besides the quality of pri-
of cancer-related problems, mostly resulting from metamary surgery, in determining the prognosis of patients with
static lesions. Thus, colorectal carcinomas are the thirdolorectal carcinoma$? Patients with advanced local car-
leading cause of cancer-related deaths among women acicilomas or lymph node metastases can benefit from adju-
men; and they are the most important malignancies of theant therapy’, but metastatic involvement of lymph nodes or
gut. metastasis into distant organs reduces the median patient

Colorectal carcinomas are one of the best models for theurvival dramatically’.” Because of the enormous differ-
investigation of genetic alterations that lead to malignanénces between early and advanced stages of local tumors,
transformation and tumor progression. Various chromothe search for valuable prognostic markers remains an im-
somal mutations and deletions are known to be necessarygiortant subject of clinical research. Despite numerous in-
the adenoma-—carcinoma progression sequence that includestigations of these factors, only some of the data can be
different stages of hyperplasia and malignant transformationsed for determining an individual patient’s risk after sur-
to an invasive carcinonfaLittle is known, however, about gery for tumor recurrence or formation of distant metasta-
the genetic alterations and cellular mechanisms responsildes. For example, elevated preoperative levels of carcino-

embryonic antigen (CEA) may be relevant for a patient’s
prognosis, but there seems to be controversy on the useful-
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Table 1.

IN COLORECTAL CARCINOMAS

SURFACE MOLECULES WITH POTENTIAL PROGNOSTIC PROPERTIES

Group Name Expression Function
Integrins VLAs Colonocytes, EC, fibroblasts, ECM-—cell adhesion,
LFAs leukocytes, platelets leukocyte—EC adhesion,
ap platelet-EC adhesion,
gut homing receptor
Immunoglobin gene ICAM EC, fibroblasts, leukocytes Antigen recognition,
superfamily VCAM leukocyte adhesion and
PECAM (CD31) trafficking
CEA (CD66) Colonocytes Homotypic cell adhesion
Cadherins Colonocytes Homotypic cell adhesion
Lectins sLe* Colonocytes, EC ECM-—cell adhesion,
sLe® (CA 19-9) heterotypic EC adhesion
sLe*
Galectin-3
Selectins E-, P-, L-selectin EC, leukocytes, platelets Leukocyte—EC adhesion,
platelet-EC adhesion
Growth factor EGF-R All cells DNA synthesis, growth,
receptors TGF-R motility, protein secretion
IGF-R
VEGF-R
PD-ECGF
c-Met
bFGF
Proteoglycan receptors CD44 Colonocytes, EC Hyaluronate adhesion
Protease receptors MT-MMP Stromal cells, EC, colonocytes Protease activation
uPA-R

Sex hormone receptors Androgen receptor
Progesterone receptor
Estrogen receptor
Prolactin receptor
Apoptosis receptor APO-1 (CD95) All cells
Cytokine receptors TNF-R Colonocytes, EC, fibroblasts
IL-2R
IL-6R

Stromal cells, EC, colonocytes Growth regulation

Apoptosis regulation
Cell activation

VLA, very late antigens; LFA, leukocyte function-associated antigens; gp, platelet glycoproteins; ICAM, intercellular adhesion molecules; VCAM, vascular cell adhesion
molecule; MAACAM, mucosal addressin cell adhesion molecule; PECAM, platelet endothelial cell adhesion molecule; CEA, carcinoembryonic antigen; EGF-R, epidermal
growth factor receptor; TGF-R, transforming growth factor receptor; VEGF-R, vascular endothelial growth factor receptor; IGF-R, insulin-like growth factor receptor;
PD-ECGF, platelet-derived endothelial cell growth factor; c-Met, hepatocyte growth factor/scatter factor receptor; bFGF, basic fibroblast growth factor; MT-MMP,
membrane-bound matrix metalloproteases; UPA-R, urokinase-type plasminogen activator receptor; TNF-R, tumor necrosis factor receptor; IL, interleukins; ECM,
extracellular matrix; EC, endothelial cells.

the presence of residual tunfor:® Other strategies for the established. Colorectal cancer cells with different metastatic
evaluation of patient prognosis have been developed duringroperties have been isolated from the same parent tumor,
the last decade, such as genetic markers of progression supporting a polyclonal character of these carcinothas.
cellular proteins made by the tumor. This review summa-Also, metastatic tumor cells show phenotypic instability,
rizes data on surface proteins of colorectal carcinoma cellghich leads to gradual shifts in their behavior and diversifica-
and their prognostic relevance (Table 1). tion of cells to form heterogeneous subpopulations that differ
in their metastatic propertiés.Colorectal carcinoma cells are

INVASIVE AND METASTATIC known to undergo diversification as a result of quantitative
PROPERTIES changes in gene expression. As the tumor cells diversify,

The prevention of death in colorectal cancer patients igarticular cell clones begin to dominate the cell population
dependent on understanding the mechanism of carcinoma c&liecause of growth advantages and host selection. This leads to
spread from the primary tumor to distant organ sites. Althougtwaves of clonal cell proliferatiof{:
the pathogenesis of metastasis is the subject of numerous Clonal selection and diversification leading to tumor het-
studies in basic and clinical research, the complex mechanisnesogeneity are major problems for the establishment of
that make a colorectal tumor cell metastatic are not welprognostic parameters for colorectal tumors. All the com-
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mon techniques currently available for the characterizatiorappear to be metalloproteases, cathepsins, plasminogen ac-
of carcinomas and the evaluation of their potential metativators, and endoglycosidases such as heparanase. Once
static behavior are based on statistical analyses and the uswlignant cells have arrived at and invaded secondary organ
of average values. In contrast, the development of metastaites, they must stimulate local blood vessel growth. Neo-
ses is a nonrandom process, in which the survival andascularization is induced and regulated by various angio-
distant growth of a single cell or a small number of cells cangenetic molecules, which bind to specific cell surface re-
lead to death® Therefore, the search continues for key ceptors (e.g., vascular endothelial growth factor receptor,
events, genes, and molecules that are characteristic for thatelet-derived growth factor receptor [PDGF-R]). Finally,
metastatic behaviors of tumor cells and that could be usefuithe neovascularized tumor must grow, and paracrine and
for predicting patient outcome. autocrine growth factors appear to be essential in this pro-

The sequential model for the development of metastasesess. Autocrine or paracrine growth factor receptors (e.g.,
involves tumor growth, neovascularization and invasion aepidermal growth factor receptor, fibroblast growth factor
the primary sites, followed by penetration into lymphaticsreceptor, insulin-like growth factor) important in this pro-
and blood vessels or through the peritoneum. At the end ofess interact with intracellular proteins involved in signal
this process, circulating tumor cells must adhere to vesseatansduction and can eventually modify cellular behavior.
walls of distant host organs, invade surrounding tissues, and

X 5 i . .

survive and grow® During these steps, mter.actlons be- CADHERIN-CATENIN SYSTEM
tween tumor cells and the extracellular matrix (ECM) or
surrounding cells are requiréd Various molecules on the Cadherins belong structurally to the immunoglobin gene
tumor cell surface mediate these interactions, either bguperfamily, a family of transmembrane glycoproteins re-
direct contact, such as integrins or other adhesion molesponsible for calcium-dependent intercellular adhesion.
cules, or as receptors for soluble peptides or hormones, sudthey are divided into>10 subclasses, which are distinct in
as receptors for various growth factors. Usually the saméheir immunologic characteristics and tissue distributions.
molecules are also found on normal colonic epithelium,Cadherins are involved in subclass-specific cell-cell inter-
where they function in the maintenance of tissue structur@ctions that play a role in selective cell adhesion at various
and normal cellular regeneration. developmental tissue stag€sCadherins mediate homo-

Cell adhesion events are thought to play an important roleéypic adhesion in developing tissues, and they are connected
in tumor metastasis. The detachment of tumor cells from thevith catenins at their cytosolic domaif%Inactivation of
primary site, the homotypic interactions between tumorcadherins causes the disruption of cell-cell adhesion, and
cells and with host cells during transport in the circulation,overexpression of cadherins leads to tighter cell—cell con-
and the cellular interactions with the endothelium and ECMtacts. Continued expression and functional activity of E-
in distant organs are important for the formation of secondcadherin are required for epithelial cells to remain inte-
ary tumors. The multiple surface molecules that mediatgrated within the epitheliurf* Catenins belong to the group
these adhesive interactions include lectins, glycosyl transef cytoplasmic plaque proteins that connect cell surface
ferases, integrin and nonintegrin adhesion molecules, aneholecules with the actin cytoskeletagCatenin is required
glycolipids. The detachment of tumor cells from the pri- for cadherin-mediated adhesion, and it indirectly links cad-
mary carcinoma is characterized by the loss of cell-celherins to actin by means of a specific binding sieCatenin
adhesion, and the cadherin—catenin systems appear to ples/a necessary intermediate in the linkagexafatenin to the
an essential role in this process. In poorly differentiatedcytoskeletorf
carcinomas, loss of epithelial cell contacts is frequently Like other carcinomas, such as those of the breast, blad-
observed, allowing the cells to break away from the primaryder, and lung, the expression of E-cadherin archtenin is
tumor, invade surrounding tissue, and be released into théownregulated in poorly differentiated colon cancer
lymphatics and blood circulation. Adhesion of circulating cells?>?3Using an immunohistochemical technique, Cow-
tumor cells to organ endothelial cells and subendothelialey and Smitk* compared E-cadherin expression and tumor
ECM is mediated by several adhesion systems that magnorphology in carcinomas that had invaded vascular spaces
involve the same endothelial cell surface receptors used byith extravascular carcinomas, both in primary tumors and
leukocytes. For example, contacts between carcinoma cella their lymph node metastases. In 40% of cases at the
and the microvascular endothelium seem to be related tprimary site, in lymph node metastases, or at both sites,
expression of selectins, sialyl-LeWwiésL€e) and other car- E-cadherin levels were higher in the often tiny intravascular
bohydrates, intercellular adhesion molecules (ICAM), andumor compartment than in the adjacent but much larger
possibly annexing® However, integrin-mediated interac- extravascular tumor compartment. E-cadherin was poorly
tions with the subendothelial ECM are among the moskexpressed within the extravascular compartment. In analyz-
important determinants for organ-specific metastasis. ing the expression of E-cadherin in colorectal carcinomas, it

Penetration from the primary site into the circulation andhas been shown that this receptor may serve as an indepen-
extravasation into the host organ requires the release atent prognostic marker in Dukes stage B colon cancers to
activation of degradative enzymes, some classes of whiclentify patients with a poor prognosis and designate them
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for adjuvant therapy after curative surgical treatnfént. pression is associated with malignant transformation, and
Mohri?® wrote that the loss or heterogeneous expression ofolorectal cancer cells may have impaired E-cadherin—me-
E-cadherin in colorectal cancers correlated closely withdiated cell adhesiveness because of the downregulation of
advanced clinical stage, advanced tumor penetration, unditatenin expressioft
ferentiated tumor histology, widespread lymph node in-
volvement, liver metastasis, and penetration into the lym-
phatic and venous channels. The loss or heterogeneodNTEGRIN SYSTEM
expression of E-cadherin in tumor tissues was also signifi-
cantly associated with an increased incidence of tumor Integrins are heterodimeric transmembrane adhesion
recurrence after apparently curative resection, reduced ovemolecules that mediate interactions between cells and the
all survival rates, and reduced disease-free survival rates. ECM. More than 20 different integrin heterodimers are
multivariate analysis disclosed that the expression of Eknown, but 8,- and Bs-integrins appear to be the most
cadherin in tumor tissue was a significant prognostic varidimportant integrins expressed on tumor céfi€ach inte-
able independent of other clinicopathologic features. How-grin subfamily is determined by th@-subunit. For the
ever, in another study, this marker did not predict outcomespecificity of interactions with heterogeneous ligands, both
in the important group of moderately differentiated Dukes Bsubunits are necessary, but integrins are either monospecific
colon cancers! Using in situ hybridization, low levels of or can bind to several different ECM components. Integrins
expression of E-cadherin were found to be independerdre expressed on endothelial cells, epithelial cells, platelets,
prognostic factors on multivariate analysis and were signifand leukocytes, among others, and tumor ¢Bif5- Most
icantly associated with metastasis or recurrent diseasg in Nissues express only a restricted number of integrins. These
colon carcinoma$® This has been confirmed by another include those thought to function as collagen/laminin recep-
group?® Collectively, there appears to be a statisticallytors. Changes in integrin receptors for fibronectin or vitro-
significant correlation between reduced expression of Enectin might have importance for the metastatic phenotypes
cadherin and loss of tumor differentiation. Thus, the fre-of colorectal carcinomas.
quency of reduced E-cadherin expression is generally Integrins mediate adhesion through various ECM binding
greater in tumors with aggressive histopathologic charactesites, depending on the matrix components involved. Once
istics, lymph node involvement, and distant metastases. cell adhesion occurs, integrin receptors generate regulatory
E-cadherin expression is considered to play a major rolsignals in cells that allow them control over cell migration
in the homotypic adhesion of cancer cells. Therefore, supand invasion into host organs. These cell-ECM interactions
pression of E-cadherin expression or its function mightare mediated through various transmembrane receptors, in-
enhance the release of cancer cells from the primary lesiomluding integrins, which are intracellularly linked to cy-
Functionally, E-cadherin is thought to be regulated by itstoskeleton componerfs and signal transduction mole-
associated cytoplasmic proteins, includimgcatenin. Nor-  cules?®#* Recent studies have shown that cross-talk
mal epithelium expressescatenin strongly without excep- between integrins and other cell surface receptors is in-
tion. However,a- and B-catenin expression was frequently volved in these signal transduction procesSesn example
reduced (approximately 80%) in primary colorectal carci-of this is the apparent cross-talk between integrin receptors
nomas>%3! Normal mucosa, as well as colon adenomasand growth factor receptors. Thus, the presence of trans-
showed strong membranouscatenin expression. In the forming growth factor8 can modulate integrin-mediated
normal colon, catenin expression was observed in the crypmdhesive properties and differentiation states of colon car-
and surface epithelium; the cells showed reactivity both atinomas*®
the membrane and in the cytosdlSignificant downregu- Previous studies have demonstrated a correlation between
lation of a-catenin expression in colorectal cancer has beethe organ preference of metastasis and the in vitro adhesion
associated with poor differentiation, higher metastatic porates of malignant cells to various endothelial ¢€If§ or
tential, and unfavorable prognosi3* It has also been subendothelial ECM? Using colon carcinoma cell lines
found thatp-catenin forms complexes with adenomatouswith different metastatic properties, we have shown that
polyposis coli (APC) tumor suppressor protein, @idate-  metastatic behavior correlates with different integrin-medi-
nin expression levels are affected by exogenously inducedted adhesive propertié$>* However, differences in inte-
APC protein. The expression levels of APC protein in tumorgrin expression could not explain these differences. There-
tissues were more than three times greater than those fore, integrin-mediated specific tumor cell adhesion
corresponding normal muco$a® In coexpression experi- includes complex intracellular interactions with signaling
ments, approximately 80% of the colon carcinomas showedascades and cytoskeleton componéhtsin addition, dis-
similar expression of E-cadherin afecatenin, whereas the tinct organ site-specific basement membrane composition
other tumors showed strong positive staining for E-cadherirhas been found’ Tumors, such as colon carcinomas, pro-
and reduced expression gfcatenin®’ These findings sup- duce their own ECM components that can change peritu-
port the hypothesis thgB-catenin forms a complex with moral stroma compositio®f:>> This includes the release of
E-cadherin in vivo. The downregulation @f-catenin ex- unusual ECM components, such as oncofetal fibronectin,
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which is correlated with a poor prognosis in colorectal SELECTIN SYSTEM

carcinomas?® lecti dhesi lecules th bohyd
A broad spectrum of integrin expression in certain pat- Selectins are adhesion molecules that use carbohydrates

terns was found in normal tissues, primary tumors anoas”rece_{arftl)rllgandts. '/I'Ihey ire |Tpor|t_ant||n tthe |nt|er?<|:tlt()nspof
metastase® In normal colonocytesg,-integrin staining CeIS\;Y' eudocydesthyrlnr; ocl?/ esE( -sle ?.C m)_,rﬁae?_s( )
was strongest in crypt cells, whereas a5, ande,,, and,, selectin), and endothelial cells (E-selectin). The action or

B,, and, predominated in superficial enterocytes. In ade increased expression of selectins depends on cell activation
3 4 . -

nomas, monolayered glands showed integrin patterns th%{f endothelial cells or leukocytes/lymphocytes by interleu-

differed slightly from both crypt and superficial enterocytes. Ins, tumor necrosis factor (TNF), or toxins and of platelets

Complex glands in villous adenomas showed decreasel():iy thrombin, histamine, oradicals, and other procoagula-

. . . L . tory substances. All selectins have a similar structure with a
integrin staining and basal polarizatiohB,-Integrins were . . . . .

v found to b din ad b N-terminal lectin domain, epidermal growth factor-like do-
usually found fo b€ expressed in adenomas, o}l mains, different numbers of complement binding domains, a
integrin appeared to be lost in focal areas of cell cont¥tts.

Col . tend to h ker intearin staini transmembrane domain, and a short intracellular portion.
olon carcinomas tend 1o have weaker integrin staninGsg|qctins mediate the recognition of carbohydrates, such as

than _Zdent?lm&:]s or norma_l céj{fshoyvever., they alSo.sggw sLe, sLe&, and the MECA-70 antigen. Although the mem-
considerable heterogeneity ah3,-integrin EXPressIon.  pers of the selectin family are structurally related, they have
Also, a5 was frequently found to be expressed in INVasIVeqisparate functions. Selectins play a central role in targeting

colon carcinomas, whereas the expression of this intlegrigf circulating tumor cells to the endothelial cells of the host
subunit is usually poor or absent in normal epithelitf organ. In this manner, they help determine the organ pref-

In another study, howevet; showed variable expression, grence of metastasis.
with a diffuse distribution at the cell surface in peripheral \/5rious selectins are expressed in different tissues and on
areas of colorectal carcinomas, correlating with the histoyjitferent cell types. E-selectin is expressed on endothelium
logic stage of malignancy, whereas the expressionf byt not on colonocyte® Approximately 30% of the intra-
subunits was almost absefitvarious combinations of-  epithelial lymphocytes in the colonic epithelium express
and B-subunits are found only in transformed cells. The| _selectin’* E-selectin was shown to be present on the
ag-integrin subunit is normally paired witB,-subunits, but  endothelial cells of small vessels adjacent to cancer cell
in colon carcinoma cells coexpression @f- and B,-sub-  nests both in primary and in metastatic lesions. In these
units was frequently fountf There is also evidence that the tissues, E-selectin was observed on the endothelial cells
a,~subunit is involved in the regulation of apoptosis, or lining the lumen of small vessels. The degree of expression
programmed cell deaftf. Also, colon carcinomas might of E-selectin was inversely correlated with the distance of
induce or modify integrin expression on tumor-associatedhe blood vessels from the cancer cell nests: endothelial
endothelial cells. They,B;-integrin was found to be over- cells adjacent to the metastatic lesion expressed E-selectin
expressed on tumor vasculatifeln contrast to the vari- more extensively than those adjacent to the primary tumor
ability of integrin expression on colon carcinoma cells, foci.”?> Serum E-selectin levels were also significantly ele-
analysis of adhesion molecules of the integrin family onvated in the patients with metastasis versus those witffout.
lymphocytes immigrating into tumor tissue indicated noThere were also weak but significant correlations between
specific expression of individug-integrins®® serum E-selectin levels and CEA or CA 19-9 levEls.
Correlations have been reported between integrin expregdowever, in one study E-selectin immunostaining did not
sion and tumor prognosis and clinical stage. The transforcorrelate with cell infiltratior/:* Studies on the prognostic
mation from benign to malignant neoplasia was found to bevalue of selectins for estimating patient survival have not
associated with infiltrative growth and characterized bybeen published, so it is difficult to assess the potential value
diminished or lost expression afs-, B,-, and B,-integrin  of using selectin expression for patient prognosis.
subunits®” When compared with their primary tumors,
colorectal carcinoma liver metastases showed roughly sim-
ilar patterns of integrin expression. In various studies, th ECTINS AND GLYCOCONJUGATES

expression of integrins in normal tissue was determined and Normal colonic epithelial cells undergo maturation as
compared with different stages of colorectal carcino-they traverse the crypt to the luminal surface, and changes
mas®?®®Generally, a high variability of integrin expression occur during this process in the expression of specific cell
seemed to be related to the degree of differentiation of thegurface oligosaccharides. The binding of lectins to goblet
original tumor®® However, reduced,-integrin expression cell mucins and other glycoconjugates changes as the cells
was statistically associated with advanced cancer stages. higrate from the crypt and undergo differentiation. These
strong correlation was also observed between the expressigialylated carbohydrate structures on mucins play a role in
of the ag-laminin receptor and the degree of colorectalcolorectal cell adhesive interactions involving both base-
carcinoma differentiation, invasive properties, and metament membrane ECM and endothelial cell-associated li-
static abilities?® gands.
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The affinities and antigenic structures of the sialylatedhave wide-ranging functions and to participate in a variety
carbohydrates are regulated by the activities of glycosylof homophylic and heterophylic interactioffsMembers of
transferases and other membrane-bound enzymes, sometbfs family, such as ICAM-1, ICAM-2, and vascular cell
which are upregulated in colon carcinonfasAdditional — adhesion molecule (VCAM-1), are known to participate in
stepwise modifications in glycoconjugate expression occuheterotypic cell-cell adhesion. Receptors for certain growth
in premalignant and malignant neoplasfi¥arious glyco-  factors (e.g., PDGF, colony-stimulating factor-1), T-cell
conjugates differ in their affinities for different cellular receptors (CD4, CD8), tumor cell antigens (CEA), and a
components, local distribution within crypts, and regionalgroup of molecules that mediate cell-cell interactions be-
distribution between right (ascending colon) and left (rec-tween platelets and endothelial cells (CD31, ICAM-1,
tum) segments of the large bowdICA 19-9 and sLéare  VCAM-1) belong to various Ig-like subgroups. This latter
tumor-associated antigens that have been found expressgtbup takes part in cell-cell interactions by binding to other
in the whole colorectum, whereas other sialylated carbohyadhesion molecules, such as integrins or selectins, that are
drates, such as sPand sL&, were found only in the distal important in tumor cell interactions and metastasis.
colon.’® Immunohistochemical localization and in situ hybridiza-

Colorectal carcinomas with increased metastatic potentigion have revealed a lack or low expression of ICAM-1 on
and with a poor prognosis are characterized by a higmormal colonic epitheliur® In colonic tissues, ICAM-1
content of certain carbohydrate antigens. The levels of thesenmunostaining was restricted to the ECM and vascular
carbohydrate antigens apparently increase during colorectehdothelium. The vast majority of normal tissue samples
carcinoma progression from nonmetastatic to metastatic twevealed only faint ICAM-1 immunoreactivity; however,
mors/® For example, the levels of tumor-associated”sLe moderate to strong immunostaining was found~80% of
antigens were inversely correlated with the postsurgicatancerous tissues. ICAM-1 was more intensely expressed in
survival of patients with colon carcinoma, as revealed bywell-differentiated carcinomas as well as in the adenoma-
retrospective studi€®. Disease-free survival rates of pa- tous parts and transition zones of cancers. In normal tissues,
tients with sLé&-positive tumors were significantly poorer VCAM was seen only in isolated lymphoid aggregat®s.
than those with sLenegative tumors. A multivariate anal- Similar to ICAM-1, colon cancers exhibited markedly en-
ysis revealed that the sletatus was an independent pre- hanced VCAM-1 immunostaining in the endothelial cells of
dictive factor for colorectal disease recurrence, depth ofmall blood vessels. The intense vascular immunostaining
invasion, and histologic type, whereas 8lstatus, age, of ICAM-1 and VCAM-1 was associated with the presence
gender, tumor location, nodal status, and vessel invasionf CD3-positive T lymphocyte$?
were nott! Increased sialylation of mucin-associated car- CEA is a highly glycosylated cell surface protein and a
bohydrates, such as sl,és generally characteristic of colon member of the Ig-like superfamily. It is produced in large
cancer cells that are likely to metastasize. Metastases haanounts in essentially all colon and several other adenocar-
been found to express decreases in mucin core structuresinomas; therefore, it has been widely used as a clinical
reciprocal increases in sialylated mucins, and increases itumor marker. Endothelial cells express CEA on their cell
peripheral sL& compared with the primary tumors from surfaces. Therefore, CEA-expressing adenocarcinomas may
which they aros&? The levels of this carbohydrate antigen adhere to endothelial cells, in part by CEA-CEA interac-
apparently increase during colorectal carcinoma progressiations. Thus, CEA interactions may facilitate tumor cell
from nonmetastatic to metastatic tumors, and they inverselgxtravasation and hematogenous metastasis fornidtion.
correlate with postoperative surviva. CEA is expressed intracellularly as well as extracellularly.

Previously, certain antigens related to blood serum antiThe intracellular expression of CEA appears to be associ-
gens were correlated with tumor progression and prognosisted with the degree of atypia in histologic sectidh3he
For example, the CA 19-9 antigen was studied for yeargoncentrations of CEA in tumor specimens showed a high
before it was identified as a monosialosyPl#ood group  degree of correlation with the risk of relapse’* Con-
antigen. Levels in adenoma and carcinoma specimens wekersely, there was no correlation between tissue CEA con-
significantly higher than in the normal mucd¥£>Higher  tent and tumor differentiatio’f, Immunohistochemical ex-
tumor stages correlated with higher tissue marker values gfression confirmed the predictive value of CEA contents in
CA 19-98° Other lectins, such as lactose-binding lectins orcolorectal tumor specimeri§.Serum CEA levels and the
galectin-3, also showed significant correlations to the Duke€EA tissue contents determined by immunohistochemical
stages and appear to be related to neoplastic transformatiataining correlated with patient survival, and they appear to
and metastatic progressiBh®® These results were related have similar prognostic valués.
to other known prognostic factors such as CEA. Ig-like receptors have also been useful in assessing an-
giogenesis, a crucial step in tumor growth and progression.
IMMUNOGLOBIN SUPERGENE FAMILY Its qugntitation by microves;el cm_mting has progqostic

value in several types of malignancies. The expression of

Cell adhesion molecules with an immunoglobin-like (Ig- endothelial cell-specific CD31 has been used to evaluate the
like) structure in their extracellular portions are thought toonset of angiogenesis in colorectal tumors, and microvessel
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gquantitation has been used to assess its prognostic signifinunostaining in tumor epithelium independently predicted
cance. The density of microvessels in the tumor can bsurvival and recurrence-free survivaP
determined using endothelial cell-specific antigens and is a
rehaple marker for the angiogenesis that is an garly, lecabROWTH FACTOR RECEPTORS
step in colorectal tumorigenesis. High expression of CD31
was not associated with metastasis formation, disease stage Growth factor receptors mediate a wide diversity of sig-
or patient survival’; however, using von Willebrand factor nals from the cell surface into the cell. Specific receptor
for endothelium-specific immunostaining, high microvascu-occupation with growth factors can induce or inhibit cell
lar counts were a prognostic predictor for a longer survivalgrowth, motility, and protein expression or secretion. Their
time independent of Dukes stageThe presence of p53 autocrine or paracrine activity seems to be coregulated by
protein overexpression was also found to be associated withther cell signaling systems, such as integrins (discussed
a high microvascular density. above). Growth factor receptors are found on all cells, but
their pattern of expression is highly heterogeneous and
dynamic. Growth factor receptors are transmembrane mol-
CD44, ITS ISOFORMS AND RECEPTORS ecules that often have enzymatic activity, mostly kinase
activities, at their cytosolic domains. Their signaling path-
CD44 is a cell surface adhesion molecule family withways to the nucleus are often associated with oncogene
different splice variants that is expressed on endotheligbroducts, such as the central protooncogene Ras, which is
cells and various tumor cell§° Multiple functions have found in all eukaryotic cells.
been attributed to the CD44 family of molecules. CD44 The most important growth factors for determination of
plays a role in the production and catabolism of hyaluronatethe growth properties of epithelial malignancies are epider-
which is primarily located in the liver and lymph nodes. It mal growth factor (EGF) and transforming growth factor
mediates cell-cell contacts with glycosaminoglycans, suciTGF). No consensus about the involvement of the EGF
as hyaluronate, on fibroblasts, on endothelial and hemataeceptor (EGF-R) in colorectal carcinomas has been at-
poietic cells, and in the ECM. Hyaluronate and CD44 haveained, although it is assumed to play a role in the invasion
been proposed to be important in tumor invasiveness, cellnd metastasis to lymph nodes and in recurrence at regional
migration, and angiogenesi® CD44 splice variants are and distant sites. EGF-R has been detected both in adeno-
frequently but not always expressed in advanced states ohas and carcinomds? Significantly increased levels of
tumor progression. In colorectal carcinogenesis, expressioBGF and EGF-R were found in some neoplastic samples
of exon V5 is an early tumor marker because it can becompared with surrounding mucoSd, but increased ex-
detected on small dysplastic polyps but not on normal colompression of EGF-R seems to be uncommon in colonic ade-
epithelium?®® The loss of expression of the CD44-v6 iso- nocarcinomas?? Some studies found significant correla-
form seems to be associated with a poor prognosis itions between EGF-R protein expression (or its mRNA)
colorectal cancer because of the development of tumowith Dukes classification, differentiation, and survival,
metastase¥’? For example, CD44-v6 immunoreactivity whereas others could not confirm these residfts!*®The
was detected in 100% of adenomas and>®0% of colo-  expression of other growth factor receptors, such as TGF-R
rectal carcinomas, but expression was mostly weak in onland amphiregulin (AR), have been correlated with Dukes
approximately one third of liver metastases. Normal mucosatage and differentiatioh:®> Often EGF-R and TGFs and
shows weak subnuclear localization of CD44-v6 after im-their receptors are coexpressed in colorectal tissues. EGF-R
munostaining. Overall correlations were not found with expression and its mRNA levels appear to be related to
tumor type, stage, or patient survival by Coppola et®dl. TGFa staining in normal and adenomatous tis$teTGFg
Another study reported a significant correlation betweertype | and Il receptors were found to be overexpressed in
expression of CD44-v6, Dukes stage, metastasis, and p&aimors compared with normal samples, and there appeared
tient survivall® Expression of CD44H, CD44-v9, and to be a relation between the abundance of type Il receptors
CD44-v6 was decreased compared with corresponding prand the degree of differentiation of the colorectal tumors,
mary colorectal tumor&®® and this group also showed that but not the Dukes staging or the locations of the carcino-
increasing CD44-v6 expression correlated with progressivenas**®
tumor stage and differentiatidi® These correlations were ~ HER-2/neu oncogene encodes a transmembrane tyrosine
confirmed at the mRNA level using reverse transcriptasekinase receptor with homology to EGF-R and is often
polymerase chain reactidfi’ Using a multivariate analysis, amplified or overexpressed in adenocarcinomas. Normal
the expression of another CD44 exon, CD44v8-10, hasnucosa does not usually express HER-2/neu protein, but a
emerged as an independent prognostic indicator for lymplsignificant number of benign lesions and adenocarcinomas
node and hematogenous metastasis and overall sutff/al. were found to overexpress this protein. Carcinomas were
In addition to CD44, one of its commonly found receptors,significantly more positive than benign lesions. A signifi-
hyaluronate, has also been correlated with colorectal canceant correlation was found with differentiation, Dukes clas-
survival and recurrence. The intensity of hyaluronate im-sification, and relapse-free and postoperative surital.
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AR, a protein structurally related to EGF and T&gHs  nance or disturbance of the degradative enzyme/inhibitor
also functionally related to this family of growth regulatory balance plays an essential role in invasion and metastasis
molecules and can bind and activate EGF-R. Immunostainformation.
ing and in situ hybridization detected AR protein and its Receptor-bound urokinase-type plasminogen activator
mMRNA in primary and metastatic colorectal tumors in liver (UPA) and its receptor (UPA-R) and its inhibitor (PAI-1)
but not in normal colon or uninvolved livér° seem to play an important role in the dissolution of the

Vascular endothelial growth factor (VEGF) is a well- surrounding ECM and the formation of tumor stroma. Se-
known tumor and normal cell growth factor that inducescreted uPA binds with high affinity to its specific receptor
angiogenesis. Expression of VEGF was found to be signifuPA-R on the cell surface. These processes appear to be
icantly reduced in metastatic colorectal liver tumors com-prerequisites for invasion and metastasis. The binding of
pared with primary lesions. However, the levels of VEGF inuPA to uPA-R has at least two important consequences: it
primary colorectal tumors did not predict risk of liver me- enhances the rate of plasminogen activation on the cell
tastasis or survival duration in one stutfy.In another surface, and it focuses the uPA proteolytic activity at the
study, tumors with high VEGF expression and detection ofleading front of migrating cell$?® Several recent findings
the high-affinity VEGF receptor (KDR) on tumor endothe- suggest that surface-bound uPA is essential for the invasive
lium were associated with metastasis formafiéhEurther  ability of tumor cells, although the emerging data suggest
studies indicated that patients with high VEGF expressiorconcerted action of uPA and uPA-R with other secreted and
in their primary colorectal cancers had a high likelihood of cell-bound proteases, such as metalloproteinases and ca-
recurrenceé?® Various isoforms of VEGF have been iden- thepsin B. Increased uPA, uPA-R, or PAI-1/2 correlated
tified in colorectal cancers. The detection of mMRNA iso-with tumor progression and shortened disease-free or over-
forms correlated with metastasis and a poor progngéis. all survival*?® Interestingly, the numbers of uPA-R—posi-

The insulin-like growth factor (IGF) is known to induce tive cells along the invasive margins of tumors were signif-
or modify growth properties in various tissues. Although itsicantly less in patients with liver metastases than in patients
receptor is expressed on colorectal carcinoma cells, none efithout liver metastasis, and the uPA-R—positive cells were
the clinicopathologic parameters showed any associatioalso less in cases with an infiltrating margin than in cases
with IGF-1R status. Differences were not observed in thewith an expanding margitt® This suggests that simple
overall survival period between patients with IGF-1R—pos-relations between one degradative enzyme and its mem-
itive tumors and those with IGF-1R—negative tumt#s. brane receptor, such as uPA—-uPA-R, with tumor progres-
Other growth factor receptors, such as those for plateletsion may be an oversimplification. Disturbances in plasmin
derived endothelial cell growth factor, c-Met (receptor for formation take place in distinct stromal compartments, but
hepatocyte growth factor/scatter factor), or fibroblastnot on epithelial cells. These imbalances appear to be max-
growth factor, were investigated in animal models, wheremized in invasive neoplasid$® Thus, it may be that
they demonstrated various correlations with colorectal tuchanges in uPA—uPA-R may be more important than the
morigenesis, invasion, or tumor vessel cotfitHowever, absolute levels of these markers. Low tissue plasminogen
data on human colon cancer specimens did not show sigctivator (tPA), high levels of uPA-related antigen, and a
nificant correlations between the expression of these recepigh uPA:tPA antigen ratio as well as PAI-2 antigen were
tors and patient prognosts’! associated with poor overall surviva?33

Expression of cathepsin D has been suggested to affect
the invasiveness of carcinoma cells. Secretion of cathepsins
EEg¥EﬁgESACTWATORS AND appears to be mostly by stromalicells, such as fibroblasts. In

colorectal carcinomas, cathepsin D was also found to be

Although proteases are mostly nonintegral membrane oexpressed by malignant cells. Because colorectal carcino-
secreted molecules, they can be found in membrane recepias showed a high variance of immunostaining for cathep-
tor-bound forms or closely related to specific receptors thasin D, the prognostic value of its expression remains uncer-
are involved in the release and activation of degradativéain. Although overexpression of cathepsin D was found in
enzymes. Therefore, proteases and their receptors should beme studie$3*~3°its independent prognostic value was
considered as cell surface or surface-related molecules. Vadescribed for patient survival and Dukes stage in only one
ious kinds of degradative enzymes are involved in thereport!*® Colorectal carcinomas express higher levels of
dissolution of tumor-surrounding ECM as a prerequisite forcathepsin L than normal colonic tissu€é However, stud-
tumor invasion at the primary site. Degradation of the ECMies on the prognostic value of cathepsin L are not available.
is also required for extravasation of tumor cells into the Matrix metalloproteases (MMP) are a family of metal-
distant host organs. Various classes of degradative enzymegpendent endopeptidases with proteolytic activities for
can be released by malignant cells and surrounding stromakrious components of the ECM. Their activity is regulated
cells, including the plasminogen activators, cathepsins, meby specific tissue inhibitors of metalloproteinases (TIMP)
alloproteinases, and endoglycosidases. Cells can also prand by activation through membrane-bound MMP (MT-
duce inhibitors of degradative enzymes. Therefore, mainteMMP).*38 Depending on their substrate specificity, MMPs
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are grouped into collagenases (or gelatinases), stromelysins, a given tumor may provide information independent of
matrilysin, and MT-MMP. The most important collagenasesclinical stage and may identify crucial variations in tumor
are MMP-2 and -9, which can hydrolyze ECM collagens.behavior. On occasion these data have been combined, and
Using quantitative zymography for detection of proteolytic it was shown in one study that cathepsins and MMPs could
activity, higher amounts of MMP-2 and -9 were found in be combined into proteinase profifes.The combination of
carcinomas, correlating with Dukes stage but not differenMMP-9 and cathepsin B and L showed significant correla-
tiation or survival-*®14°Further, in specimens from me- tion with tumor stage. Moreover, a combined role for
tastases originating from primary tumors of the colon, sig-MMP-9, uPA, and uPA-R expression has been assumed in
nificantly enhanced type IV collagen degrading enzymecolon cancer tissue as important cancer progression/promot-
activity was observed relative to the primary tumidt. ing factors, but they might also be related to host defense
Immunologic staining has also been seen in tumor-infiltratmechanisms when they are expressed by infiltrating host
ing neutrophils and macrophages located adjacent to invaells.
sive tumor glands where cancer cells were not stained. In
normal colon tissue, staining for MMPs was seen only in
scattered neutrophils in vessels and in macrophages in Pe?—THER SURFACE MARKERS
er's patches?? The degree of tissue expression of MMP-9  Various other cell surface markers have been examined
by host cells in colorectal cancers appeared to be inverselfpr their usefulness as prognostic factors. Histocompatibil-
associated with liver metastasis and an infiltrating growthty antigen-A, -B, -C, and -DR expression in colorectal
pattern:3® Both increased levels of proenzyme and activecarcinoma seems to be irrelevant in vivo, and they are not
enzyme forms of gelatinase A (MMP-2) and increasedrelated to the survival and growth of residual tumor cells
cathepsin B activity were localized in regions of tumor after putatively curative colorectal tumor resectigf>°
invasion compared with the levels found in a matchedThe expression of the motility-related protein-1 or CD9
number of normal epithelial cells. In this study, the levels ofshowed a significant correlation with higher frequency of
progelatinase B (MMP-9) were also increased in the tuvenous vessel invasion and liver metastasis.
mors*3 Although overexpression has been described for sex hor-
Other MMPs have been found to be expressed by colomone receptors, such as androgen, progesterone, prolactin,
rectal cancer cells or stromal cells. The presence of MMP-&nd estrogen receptors, correlations with histologic findings,
(fibroblast-type collagenase) in colorectal cancer was foundlinical stage, or prognosis have not been established>°
to be associated with a poor prognosis and had prognostic Some cell surface receptors regulate cell survival, and
value independent of Dukes stalfé. MMP-11 (stromely- these are of interest in malignant tumors with high growth
sin-3) expression was characteristic for tumors of epitheliafractions or low death rates. APO-1 is a cell membrane
origin and was overexpressed in colon carcinomas, includprotein identical to the Fas antigen (now designated CD95).
ing in situ lesions*® These results were confirmed by Itis a member of the NGF/TNF receptor superfamily, which
detection of mMRNA for all stromelysins, which were ex- is strongly involved in the regulation of apoptosis. Using
pressed in the majority of colon carcinomas examiféd. immunohistochemistry, APO-1 was found to be expressed
The overexpression of MMP-11 was localized in stromalroutinely at the basolateral membrane surface of normal
fibroblasts and correlated with tumor invasion and progreseolon epithelia. In a minor fraction of colon adenomas and
sion}*’ Matrilysin (MMP-7) mRNA was also detected in in approximately 40% of the carcinomas, APO-1 expression
cancerous tissue but not in adjacent normal colon tis&tie. was diminished. APO-1 expression was completely abro-
This upregulation of secretion and the activation of matri-gated in approximately 50% of carcinomas, predominantly
lysin apparently occur during malignant conversion of co-in the nonmucinous type, and the level of APO-1 expression
lonic epithelium®*® In an interesting study, the expression in carcinomas was correlated with the mucinous t¥{je.
of this MMP-7 mRNA was used to detect occult lymph  Various cytokines and interleukins (IL) can take part in
node metastases with a high sensitivity. the activation and regulation of cellular functions, such as
Inhibitors of MMPs have also been examined for theirendothelial cell activation and leukocyte trafficking. There-
expression in colorectal carcinomas and normal epitheliumfore, the expression of cytokines and their receptors is
For example, TIMP-1 and TIMP-2 were immunolocalized thought to be an important determinant for tumor cell be-
in scattered stromal cells, whereas epithelial cells of normahavior. When colorectal tumor cells were examined for
mucosa and hyperplastic polyps were weakly stained. ImiL-6, a large subset of colon cancer specimens were strongly
munolocalization of TIMPs demonstrated gradual increasesnmunostained. The expression of IL-6 was less conspicu-
from tubular adenomas to villous adenomas, and in sitwus and less frequent in the epithelial cells of normal co-
carcinomas showed a definite positive immunolocalizalonic mucosa compared with colon carcinomas. IL-6 recep-
tion.®® The distribution of TIMP-1 mRNA and protein tor mRNA was also detected at twice the levels in colonic
showed similar increases in expression during malignantarcinomas than in normal colon tisst€$One study in-
transformation:>? vestigated soluble IL receptors in the peripheral blood from
The expression of several proteinases and their inhibitorpatients with colon carcinoma and found significantly
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higher levels of slL-2-R that correlated with clinical colorectal carcinomas. All potential prognostic factors will
stage'®? However, the relation of IL levels in the blood have to demonstrate clear biologic relevance using repro-
might be related to immune response in these patf€its. ducible and standardized procedures to be useful in the
Data on the prognostic value of cytokines and their recepmanagement of colorectal cancers.

tors are not available.

CONCLUSIONS

The establishment of useful prognostic markers for colo-
rectal cancer appears to have utility in determining progno- ».
sis as well as adjuvant therapies that might be clinically
applied. Thus, selecting patients based on their prognosis
may lead to more appropriate subgrouping of candidates for 8.
particular adjuvant therapies. Numerous cell surface or sur-
face-related molecules have been identified that are func-
tionally involved in neoplastic transformation, tumor pro- 4.
gression, and the development of metastases. Therefore, itis
not surprising that many data exist on the prognostic values
of these markers. However, few studies have used multi- ™
variate analyses to identify valuable prognostic factors. Fu- ¢
ture examinations of potentially useful markers will have to
take this into consideration. Also, the more immediate
search for prognostic indicators and metastatic site prefer- /-
ences in tumors expressing particular molecular profiles has
been partly hampered by the small numbers of patients g
studied by most investigators. Thus, marker trends in tumor
subsets barely achieve significance in most studies.

Currently, adhesion molecules, such g, B,-, and
ag-integrins, E-cadherin and its intracellular partner pro-
teinsa-, B-catenin, CD44-v6 and other splice variants,’sLe
CEA, as well as the angiogenesis-related molecules von
Willebrand factor, VEGF, MMP-9, uPA and its receptor
(UPA-R) and inhibitor (PAI), appear to be the most signif- 10
icant prognostic markers for patients with colorectal cancer.
Some studies suggest that EGF-R and cathepsin D also have
prognostic significance. Taken together, several surfaceii.
molecules were found to be useful for the evaluation of
prognosis, but in some studies contradicting results, possi-
bly because of small numbers of patients, different sources
(genetics) of patients, or use of univariate analyses or other 3
methodologic considerations, will require further investiga-
tion on the usefulness of these markers in assessing colo-
rectal cancer outcome.

Perhaps the next phase should be to evaluate promising
markers in defined combinations in larger studies to estab-i5
lish the relative importance of these markers in tumor prog-
nosis, survival, and response to treatment. The usefulness ofé.
surface markers in routinely processed archival material
from human tumor specimens must also be carefully exam-
ined in multivariate analyses. Future developments in ther-
apy, such as definition of subgroups for particular adjuvant
therapies, may rely on the knowledge that may emerge from
such work*®* New markers for evaluation of an individual
tumor’s progression and prognosis should also be under-
taken. This can be achieved only with a better understanding,g.
of the cell surface biochemistry and molecular biology of
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