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Abstract

Tumor-host interaction at the invasive front of colorectal
cancer represents a critical interface encompassing a
dynamic process of de-differentiation of colorectal carci-
noma cells known as epithelial mesenchymal transition
(EMT). EMT can be identified histologically by the pres-
ence of “tumor budding”, a feature which can be highly
specific for tumors showing an infiltrating tumor growth
pattern. Importantly, tumor budding and tumor border
configuration have generated considerable interest as
additional prognostic factors and are also recognized
as such by the International Union Against Cancer. Evi-
dence seems to suggest that the presence of tumor
budding or an infiltrating growth pattern is inversely
correlated with the presence of immune and inflamma-
tory responses at the invasive tumor front. In fact, sev-
eral tumor-associated antigens such as CD3, CD4, CD8,
CD20, Granzyme B, FOXP3 and other immunological or
inflammatory cell types have been identified as poten-
tially prognostic in patients with this disease. Evidence
seems to suggest that the balance between pro-tumor
(including budding and infiltrating growth pattern) and
anti-tumor (immune response or certain inflammatory
cell types) factors at the invasive front of colorectal
cancer may be decisive in determining tumor progres-
sion and the clinical outcome of patients with colorectal
cancer. On one hand, the infiltrating tumor border con-
figuration and tumor budding promote progression and
dissemination of tumor cells by penetrating the vascular
and lymphatic vessels. On the other, the host attempts
to fend off this attack by mounting an immune re-
sponse to protect vascular and lymphatic channels from
invasion by tumor buds. Whereas standard pathology
reporting of breast and prostate cancer involves addi-

tional prognostic features, such as the BRE and Gleason
scores, the ratio of pro- and anti-tumor factors could
be a promising approach for the future development of
a prognostic score for patients with colorectal cancer
which could complement tumor node metastasis staging
to improve the clinical management of patients with this
disease.
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INTRODUCTION

The tumor node metastasis (TNM) staging system from
the American Joint Committee on Cancer/International
Union Against Cancer (UICC) remains the most reliable
prognostic indicator for patients with colorectal cancer'.
Overall 5-year survival rates are reported at 65% and
correspond closely to disease progression; patients with
stage | disease have more favourable prognoses with
5-year survival rates exceeding 80%-90%. In contrast,
patients with stage II, Il and IV disease experience
progressively worse outcomes with varying 5-year survival
rates of 70%-85%, 44%-80% and < 10%, respectively[zl.
It is recognized, however, that patients with tumors of
the same TNM stage may be variable both in terms of
prognosis and response to therapy.

A range of other histomorphological, molecular and
protein biomarkers have additionally been investigated
for their prognostic value independently of TNM stage.
These tumor-related factors such as venous and lymphatic
invasion, tumor grade, perineural invasion, histological
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type, loss of heterozygosity at 18q, mutation in p53,
tumor expression of vascular endothelial growth factor
and thymidylate synthase are recognized as essential,
additional or new and promising prognostic factors
by the UICC™. In particular, microsatellite instability
(MSI) status has revealed itself not only as a significant
prognostic factor but also as an attribute categorizing
colorectal carcinogenesis into two major pathways: the
chromosomal instability (or microsatellite stable; MSS)
and MSI pathways, the latter including both sporadic and
hereditary Lynch syndrome [Hereditary non-polyposis
colorectal cancer (HNPCC)] patients both demonstrating
mismatch repair deficiencies and high level MSI (MSI-H)”,

Tumor-host interaction at the invasive front of
colorectal cancer represents a critical interface where
tumor progression and tumor cell dissemination ensue.
The invasive tumor front encompasses a dynamic
process of de-differentiation of colorectal carcinoma
cells, a process known as epithelial mesenchymal
transition (EMT)™. EMT can be identified histologically
by the presence of “tumor budding”, a feature which
1s specific for tumors showing an infiltrating growth
pattern!”. Tmportantly, tumor budding and tumor border
configuration have generated considerable interest as
additional prognostic factors and are also recognized
as such by the UICC™", Evidence seems to suggest
that the presence of tumor budding or an infiltrating
growth pattern is inversely correlated with the presence
of immune and inflammatory responses at the invasive

tumor front™, In fact, several tumor-associated antigens

such as CD3, CD4, CDS8, CD20, Granzyme B, FOXP3
and other immunological or inflammatory cell types have
been identified as potentially prognostic in patients with
this discase!"".

Together, evidence seems to suggest that the balance
between pro-tumor (including budding and infiltrating
growth pattern) and anti-tumor (immune response or
certain inflammatory cell types) factors at the invasive
front of colorectal cancer may be decisive in determining
tumor progression and the clinical outcome of patients
with colorectal cancet.

The aim of this review is to outline the evidence
supporting a pro-/anti-tumor factor model of colorectal
cancer progression, one which highlights the dynamic
interface between tumor and host-related factors at the
invasive front of colorectal cancer.

THE INVASIVE FRONT OF COLORECTAL
CANCER: PRO-TUMOR FACTORS

Tumor budding-migrating cancer stem cells (CSCs)?

In 1985, a study of colonic adenocarcinoma in rats
reported a peculiar feature at the invasive border of dif-
ferentiated tumors! ™', Using both light and electron
microscopy, Gabbert e al™ observed neoplastic glands
irregularly arranged into small strands and cords. In addi-
tion, they noted discontinuous small aggregates or single
tumor cells which ultrastructurally did not possess junc-
tional complexes, often had incomplete desmosomes,

missing or rudimentary basement membranes and
absent or incomplete brush borders. They determined
that at the invasive tumor front of colorectal cancer,
differentiated tumors could acquire an undifferentiated
phenotype. Their observation is credited for pioneering
the concept known as de-differentiation at the invasive
margin, which today is commonly referred to as “tumor
budding”.

Tumor budding is a histological feature diagnosed at
high magnification and is defined as single cells or clusters
of up to four or five cells at the invasive tumor front"”.
Budding cells can be spotted using standard HE-stained
tissue slides and their visualization is further facilitated
using pan-cytokeratin stains (Figure 1A and B)". The
process of tumor budding is likened to EMT observed
during gastrulation in embryonic development. In the
early phase of EMT, epithelial cells reduce intercellular
contacts and cell-matrix contacts and reorganize the
cytoskeleton to form cell membrane ruffles (lamellipodia)
or cytoplasmic protrusions. Migration ensues and new
cell-matrix contacts are formed providing cells with
an anchorage for the contraction of the cell body. In
colorectal cancer, tumor budding is a highly dynamic
process giving temporal heterogeneity to the tumor.

Budding cells have been credited with the properties
of malignant stem cells including the potential for redif-
ferentiation both locally and at sites of distant metastasis
and marking, what appears to be, the first histological
event in tumor cell migration and invasion. Supporting
this hypothesis further is the presence of “pseudopodia-
like” cytoplasmic protrusions in tumor buds which have
been identified by both electron microscopy and recently
by immunohistochemistry with pan—cytokeratins“7’20].
These podia appear to be in direct contact with the adja-
cent interstitial tissue suggesting their formation occurs
during tumor cell migration. Moreover, Shinto ez al™!
recently suggested that cytoplasmic pseudo-fragments
could be used as a marker for an activated budding phe-
notype that is associated with cell motility and increased
invasiveness independent of the extent of budding. Not
surprisingly, tumor buds have been shown to over-express
proteins involved in extracellular matrix degradation and
to under-express adhesion molecules. Previous studies on
EMT and events occurring at the invasive tumor front
implicate, in particular, the Wingless-INT (WNT) signal-
ling pathway in the process of tumor budding evidenced
by increased P-catenin immunohistochemical staining
in tumor buds, a concomitant loss of E-cadherin and
over-expression of laminin5y2 along with activation of
transcriptional repressors SLUG, and ZEB1%, Over-
expression of urokinase plasminogen activator recep-
tor (UPAR), matrix metalloproteinase-7 and -9 (MMP?7,
MMPY), matrilysin, CD44, Ep-CAM, and extensive stain-
ing of B(Il[)-tubulin, a major constituent of microtubules,
have all been reportedm’z}mj suggestive of the invasion
and migration potential of tumor buds. Tumor buds seem
to over-express CXCL12, a stromal cell-derived factor
whose receptor CXC4 is involved in chemotaxis and ang-
iogenesis”. In addition, we recently documented the over-
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Figure 1 The invasive front of colorectal cancer. A: HE staining of colorectal cancer (x 40 magnification) showing tumor buds (arrows) at the invasive front; B:
Pan-cytokeratin staining (CK22) highlighting tumor buds at the invasive front of colorectal cancer (x 40 magnification). Colorectal cancers with different tumor border
configurations upon evaluation of HE staining at low magnification (x 5); C: Infiltrating tumor border configuration; D: Pushing tumor border configuration; E: Low (x 5);
F: High (x 20) power magnification of double immunostaining for pan-cytokeratin (CK22) and anti-CD8 antibody highlighting “attackers” (tumor buds, brown) and
“defenders” (CD8+ T-lymphocytes, red) at the invasive front of a colorectal cancer with infiltrating tumor border configuration.

expression of the putative colorectal CSC marker ABCG5
within tumor buds leading to a poorer outcome of patients
including those with node-negative disease (Hostettler,
World | Gastroenterol, in press). Whether a sub-population
of tumor buds may in fact represent malignant stem cells
is still an open question which necessitates further investi-
gation.

Prognostic impact of tumor budding

Since tumor budding appears to play a critical role in the
initiation of metastasis, several authors have investigated
the potential of this feature to predict dissemination of
tumor cells to regional lymph nodes. A significant associa-
tion between tumor budding and lymph node positivity
has been consistently demonstrated correlating with tu-
mor aggressiveness and more advanced TNM stage' ",
Tumor budding is frequently associated with pootly dif-
ferentiated tumors, and with the presence of vascular and
lymphatic invasion independently of disease extent™*,
Local tumor recurrence and distant metastasis to the lung
and liver are also more commonly observed in patients
with tumor budding”*”**" and additionally represent
a reproducible prognostic factor in stage II patients’".
Recently, Suzuki ez a/™ found that tumor budding and
venous invasion were significant predictors of local and
distant metastases in patients with T1 stage colorectal
cancers. Xu ¢ al” demonstrated an increased rate of tu-
mor budding in colorectal carcinomas with the aggtessive
micropapillary component. The presence of tumor bud-
ding has repeatedly been linked to poor clinical outcome,
underlined by the adverse effect on overall survival inde-
pendently of TNM stage[47’51’54].

Tumor growth pattern and prognosis

Tumor budding is closely linked to tumor growth pat-
tern, a feature described by Jass ez 2/ in 1987 which led
to the proposal of an alternative prognostic classification
system for rectal cancers”™". The diagnosis of either
a pushing (or expanding) or infiltrating tumor border
configuration can be made at low magnification and is
reproducible among pathologists thereby underlining its
usefulness as a prognostic indicator (Figure 1C and D).
The pushing tumor border is one in which margins are
reasonably well-circumscribed and often associated with
a well-developed inflammatory lamina. In contrast, the
infiltrative tumor border is characterized by widespread
dissection of normal tissue structures with loss of a
clear boundary between tumor and host tissues.

Several studies have confirmed that an infiltrative
tumor border configuration has a significant adverse
prognostic impact in colorectal cancer and may predict
local recurrence”™™. Our study group has also recently
provided evidence for the improved stratification of
stage Il colorectal cancer patients based on the diagnosis
of tumor border configuration. In particular, the 5-year
survival rates for patients with stage II tumors decreased
substantially from 80% in those with a pushing margin
to 62.7% in patients with an infiltrating growth pattern,
a survival rate similarly found in patients with stage
IM disease™. Considering that patients with stage Il
tumors are generally considered for adjuvant therapy®”,
the implications of these findings suggest that stage I
patients with an infiltrating tumor margin should perhaps
be considered for post-operative therapy. The addition
of tumor border configuration to TNM stage improved
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the prognostic classification of colorectal cancer patients
by 17.9%. Since the presence of tumor budding can be
strongly specific for an infiltrating, rather than a pushing/
expanding growth pattern, it is not surprising that loss
of cell-adhesion molecule E-cadherin and apoptosis
activating factor-1, a pro-apoptotic molecule and over-
expression of uPA and uPAR have all been reported
as significant predictors of an infiltrating tumor border

. k 9,61
configuration in colorectal cancer”™",

THE INVASIVE FRONT OF COLORECTAL
CANCER: ANTI-TUMOR FACTORS

Immunotherapy for patients with colorectal cancer
represents a realistic alternative approach to treatment of
this disease™*", The last 20 years has seen a wide range
of publications on tumor immunity and the prognostic
impact of immune and inflammatory cell types in the
microenvironment of colorectal tumors demonstrating
promising results both 7 vitro and in vive.

Peritumoral inflammation

The presence of conspicuous peritumoral lymphocytic
(PTL) inflammation, viewed as a distinctive “encap-
sulating” connective tissue mantle cap at the invasive
front of colorectal cancer, is inversely correlated with
the presence of tumor budding and positively associated
with improved survival”**. Jass" demonstrated that
PTL infiltration in rectal cancer decreased with more
advanced Dukes’ stage to 53%, 28% and 13% with
Dukes” A, B and C cases, respectively. In addition, the
significantly worsened prognosis in patients lacking
PTL inflammation at the tumor border was highlighted,
while patients with moderate or pronounced infiltration
performed significantly better independently of disease
stage. The results have also been confirmed by other
study groupsm. However, the presence of PTL inflam-
mation at the invasive front does not appear to be an
independent prognostic factor in patients with this
disease”™. Nonetheless, PTL inflammation seems to be
intimately linked with abundant CD8+ tumor infiltrating
T-lymphocytes, further implicating tumor immunity in
the defense against colorectal cancer.

T-lymphocytes

Most studies to date confirm that a high rate of tumor
infiltrating lymphocytes (T1Ls), in particular those located
intra-epithelially characterized by CD4+ and CD8+ tumot-
associated antigens are beneficial for patient outcome ™",
An abundant TIL count appears to be linked to earlier
Dukes’ stage, decreased local recurrence rate following
curative surgery and improved overall and disease-free
survival time both in non-metastatic and metastatic
patients undergoing hepatic resection!* ™.

Galon et a/'” evaluated by gene expression profiling
and immunohistochemistry, the type, density and loca-
tion (whether at the invasive margin or the tumor cen-
tre) of TILs in a large number of cases. They evaluated
CD3, CDS, granzyme B and memory CD45RO T cells

and demonstrated a significant independent and positive
effect of TILs on both recurrence and survival. Pages
et al” performed a comprehensive analysis of TILs fo-
cusing on early metastatic invasion. They found, by RT-
PCR on 75 cases that mRINA levels of CD8, granzyme
B and granulysin were significantly greater in patients
without vascular emboli, lymphatic and perineural inva-
sion (collectively known as VELIPI) compared to those
with these features and that CD45RO+ cells had inde-
pendent prognostic value"”. Diederichsen ez a/™" showed
that a low CD4/CD8 ratio by flow cytometry was an
independent prognostic factor for prolonged survival. In
addition, Milasiene ¢ @/” evaluated inter-epithelial CD3,
CD4, CDS8, CD20 and CD16 and found that increased
levels of all these markers, particularly of the natural kill-
er cell marker CD16 led to significantly improved overall
outcome""”. Moreover, regulatory T-cells expressing
FOXP3+ has been shown to correlate with improved

outcome independently of TNM Stage“(”"’ﬁ]_

Macrophages, mast cells, neutrophils and dendritic cells
In addition to T cells in colorectal cancer, a growing
number of studies have demonstrated the clinical
impact of dendritic cells, mast cells, macrophages and
neutrophils on survival. An improved survival time and
a preventative effect of mast cells on local recurrence
and distant metastasis in patients with rectal tumors
with high mast cell counts have been identified” ™.
Further, the significant benefit of mast cell number on
tumor progression in colorectal cancer was highlighted
by Gounatis ¢ /™ who reported that depletion of mast
cells whether by pharmacological means or through
generation of chimeric mice with genetic lesions in
mast cell development led to remission of existing
polyps. Moreover, Halazun ez al®" found that an elevated
neutrophil/lymphocyte ratio led to a pooter survival
time and higher rate of recurrence in colorectal cancer
patients undergoing surgery for liver metastasis.
Denderitic cells are the most potent antigen-present-
ing cells and as such are now one of the many important
tools for tumor immunotherapy. Evidence is accumulat-
ing which suggests that the presence of dendritic cells
may be of significant benefit to patients with colorectal
cancer™. Using immunohistochemistry for CD83, Suzuki
et al® described the presence of mature dendritic cells at
the invasive margin of cancer stroma and demonstrated
by light and electron microscopy their formation into
clusters with lymphocytes, the majority of which were
CD45RO+ T cells. They conclude that mature CD83+
dendritic cells at the invasive margin promote T-cell ac-
tivation for the generation of tumor specific immunity.
Using electron microscopy, tumot-infiltrating dendritic
cells were found to make contacts among themselves,
with TILs and tumor cells. The presence of dendritic
cells was found predominantly in early compared to later
disease stages and mostly located in tumor surrounding
tissue™, Dadabayev ¢z a/'” demonstrated that dendritic
cells were significantly correlated with intra-epithelial
CD4+ and CD8+ lymphocytes. Recently, HLA-DR
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expressed constitutively on antigen-presenting cells such
as dendritic cells and macrophages has also been found
to correlate with the presence of TILs and PTLs as well
as improved patient outcome™.

THE INVASIVE FRONT OF COLORECTAL
CANCER: MSI

Works by Banerjea ez a/*” clearly show that MSI status
(MSS; sporadic MSI-H and hereditary Lynch syndrome-
associated colorectal cancers) should be taken into con-
sideration when discussing tumor immunity in colorectal
cancer. Compared to MSS tumors, both sporadic and
hereditary MSI-H cancers from patients with Lynch syn-
drome (hereditary non-polyposis coli; HNPCC) are char-
acterized by prolonged survival time, significantly more
frequent PTL inflammation at the invasive front and by
an inherent abundance of intra-epithelial TILs" ™. In
contrast to MSS tumors which primarily arise following
disruption of WNT signalling, sporadic MSI-H tumors
are linked to mutations in TGFBRI 3% Baker et al”
hypothesized that retention of TILs in MSI-H can-
cers may be a consequence of refractoriness to normal
TGF-B signalling. In a subsequent study, these authors
show in more than 1000 MSS and 223 MSI tumors that
an abundant CD8+ TIL infiltrate has a beneficial ef-
fect on survival time in MSS, but not MSI cancers'
Other authors confirm the abundance of CD8+ TILs
and granzyme-positive cells as well as improved clini-
cal outcome in patients with MSI-H compared to MSS
colorectal cancers” "™, Tn addition, a positive correlation
between apoptosis rates and higher TIL number has been
described, a finding which could perhaps help to explain
the improved prognosis seen in patients with MSI-H
compared to MSS tumors”*'""). Studies on T-regs such as
FOXP3 and CD25+ have recently been undertaken",
Drescher e a/'™, evaluating both MSS and MSI-H can-
cers found that in contrast to CD8+ T-cells which may
be involved in actively preventing growth and/or meta-
static in MSI-H tumors, CD25+ cell counts were similar
between MSS and MSI-H tumors suggesting no active
immunosuppressive mechanisms in MSS cancers. Finally,
the upregulation in MSI-H cancers of a large number of
genes involved in immune response and increased levels
of pro-inflammatory cytokines and cytotoxic mediators
indicate an activated anti-tumor immune response in

these tumors™

THE INVASIVE FRONT OF COLORECTAL
CANCER: A BALANCE OF PRO- AND
ANTI-TUMOR FACTORS

Several observations have led to the hypothesis that
tumor progression and prognosis in patients with
colorectal cancer is not based solely on the presence of
pro-tumor or absence of anti-tumor factors but rather
on the balance between the two. First, the presence of

tumor buds is inversely correlated with the presence of
PTL inflammation and intra-epithelial CD8+ TILs™!,
In MSI-H cancers, where intra-epithelial TILs are
abundant, PTL inflammation “encapsulating” the tumor
at the invasive front and pushing tumor border are
commonly seen, tumor budding is virtually absent™”,
When it occurs, tumor budding in the MSI-H lacks the
full budding immunophenotype and the cytoplasmic
podia which give budding cells a temporal dimension™”.
In a previous study on MSS colorectal cancers, we
hypothesized that an intense peritumoral inflammatory
reaction at the invasive front could be “nipping colorectal
cancer in the bud” by specifically targeting budding
cells for destruction'”. We recently investigated CD8+
lymphocytes directly positioned in the microenvironment
of the tumor buds. We could demonstrate that the ratio
of CD8+ lymphocytes to tumor buds (CD8+/tumor
budding index) out-performed both tumor budding or
CD8+ lymphocytes alone as independent prognostic
factors in two independent cohorts"”. Using double
immunostaining for CD8+ antibody and pan-cytokeratin,
a ratio of 3:1 for CD8+ lymphocytes to tumor buds was
a highly favourable phenotypic constellation associated
with eatlier pT stage, lymph node negativity, low tumor
grade and absence of vascular and lymphatic invasion in
addition to conferring a prolonged clinical outcome in
both stage II and stage Il colorectal cancer (Figure 1E
and F). Although we cannot allude to the direct functional
interaction between CD8+ lymphocytes and tumor buds
themselves, the strong circumstantial relationship between
the ratio of tumor budding and CD8+ lymphocytes in the
microenvironment of budding cells appears, nonetheless,
to be a reproducible and independent prognostic factor in
colorectal cancet.

DISCUSSION

The invasive front of colorectal cancer represents a
dynamic interface between pro- and anti-tumor factors,
which can be visualized as a balance between “attackers”
(pro-tumor) and “defenders” (anti-tumor). On the
one hand, the infiltrating tumor border configuration
and its “cavalry” tumor budding promote progression
and dissemination of tumor cells by penetrating the
vascular and lymphatic vessels. On the other, the host
attempts to fend off this attack by mounting an immune
response using its “infantry”, in particular cytotoxic T
lymphocytes, to protect vascular and lymphatic channels
from invasion by tumor buds. Although evidence
shows that both pro- and anti-tumor factors contribute
prognostic information in a TNM-independent manner,
the ratio of attackers and defenders may better capture
the interaction at the invasive front which could translate
into more powerful prognostic indicators.

Whereas standard pathology reporting of breast and
prostate cancer involves additional prognostic features,
such as the BRE and Gleason scores, the ratio of
attackers/defenders could be a promising approach for
the future development of a prognostic score for patients
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with colorectal cancer which could complement TNM
stage to improve the clinical management of patients with
this disease.
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