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ABSTRACT: According to the seed and soil theory, also known as the Paget's hypothesis, the tumor microenvironment (TME)
plays a key role in promoting the onset and progression of cancer. In particular, fibroblasts and macrophages of the TME have
been shown to regulate virtually all key tumor characteristics, from invasion to metastasis and resistance to therapy. There are
numerous molecules that confer protumorigenic properties to the cells of the TME. The aim of this study was to analyze in a series
of colorectal cancers the expression of the L1 cell adhesion molecule (L1CAM) in the cells of the TME, in order to better clarify the
role of these cells in colorectal cancer (CRC) onset and progression. In the present study, 48 patients with CRC, aged between 38
and 88 years, were analyzed. L1CAM expression in the cells of the TME was detected in 35/48 cases (73%). L1CAM expression did
not always parallel immunostaining for the adhesion molecule in tumor cells. Four groups were identified: group 1, stromal cells+/
Tumor- (15/48 cases); group 2, stromal cells-/Tumor+ (19/48 cases); group 3, stromal cells+/Tumor+ (20/48 cases); group 4, stromal
cells-/Tumor- (3/48 cases). Immunostaining of L1CAM-positive stromal cells of the TME with CD163 and alpha-SMA showed that
both macrophages (CD163-positive) and fibroblasts (alpha-SMA-positive) were involved in L1CAM expression. L1CAM expression
in stromal cells was also associated with the acquisition of a motile phenotype by tumor cells: among 20 CRCs with budding
margins, 17 (85%) were characterized by L1CAM expression in peritumoral infiltrating cells. In this study, L1CAM expression in
the peritumoral stroma was not limited to stromal cells, being also expressed in cells of the enteric nervous system. The strong
immunoreactivity of neural structures for L1CAM allowed a better identification of perineural invasion in CRC. According to our
preliminary results, the study of L1CAM expression in the peritumoral infiltrating cells in CRC patients could represent a valid tool
able to stratify patients with colorectal cancer regarding the possible occurrence of metastasis and recurrence.
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Impact statement: The positivity of L1ICAM in patients with
CRC and in CAF as well as 62 a valid help to stratify patients for the
possible onset of metastases and recurrences 63 could be a valid
study potential for improving the therapeutic approach.

INTRODUCTION

In recent decades, remarkable revolutions have
taken place in the field of carcinogenesis. Recent re-
ports on the tumor microenvironment (TME) have
completely reformed the classical view of cancer as
simply a tumor cell-centric disease. According to the
“seed and soil” theory, first proposed by Steven Pa-
getin 1889(1) and recently revisited according to the
more recent data on the tumor-stroma interactions
(2), tumor insurgence and progression are governed
by the strict interactions between cancer cells (the
seed) and the surrounding TME of the host organ
(the soil)(3). The TME mainly consists of tumor cells,
stromal cells, immune cells, intratumoral and peritu-
moral blood vessels, and extracellular matrix (ECM)
(4). The ECM comprises an intricate network of extra-
cellular proteins, glycoproteins, and proteoglycans
that assemble into supramolecular aggregates, in-
cluding fibrils. These structures undergo substantial
remodeling in response to the influence exerted by
primary solid tumors(5). In the peritumoral stroma,
resident fibrocytes and fibroblasts differentiate into
cancer-associated fibroblasts (CAFs) which modify
the ECM, increasing tissue stiffness and favoring the
insurgence of desmoplasia (6).

In colorectal cancer (CRC), tumor cells undergo ep-
ithelial-to-mesenchymal transition and become in-
vasive tumor cells (7). During this process, cells of
the TME play a fundamental role in regulating the
acquisition of a motile phenotype by cancer cells (8,
9). Several resident cell types embedded in the TME
may interact with invasive tumor cells, engaging
with them a cross-talk mediated by multiple mem-
brane and surface adhesion molecules (10). Multi-
ple cell types of the TME have been involved in the
induction of cancer cell invasion: tumor-associated
macrophages (TAMs) (10, 11), cancer-associated
fibroblasts (CAFs) (12, 13), resident-activated fibro-
blasts (RAFs) (14), endothelial cells favoring intrava-
sation(15) and Schwann cells which favor perineural
invasion (16, 17).

Regarding CAFs, they are composed of a heteroge-
neous population of cells(18). As a consequence, no
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reliable immunohistochemical markers for all the
subtypes of CAFs are available (19). CD10 has been
proposed as a marker of a subset of CAFs(20). Colla-
gen |, PDGFR-B, and a-SMA have been proposed as
molecular markers of other subpopulations of CAFs
(21). The immunoreactivity of CAFs for markers,
like a-SMA, CD10, podoplanin, and fibroblast-spe-
cific protein 1 (FSP1), has been correlated with the
insurgence of lymph node metastases in colorectal
cancer(22). A recent proteomic analysis of CAFs has
revealed significant differences between CAFs and
normal fibroblasts regarding their protein expres-
sion profiles, with 145 differentially expressed pro-
teins (23).

Recently, colorectal neural cells, belonging to the en-
teric nervous system (ENS) have been involved in the
physical guidance of colon cancer cells during their
invasion (24). The components of ENS, enteric neu-
rons and enteric glial cells, give rise to the digestive
neuronal-glial-epithelial unit, an important entity in
intestinal health and disease (25). In particular, en-
teric neurons and enteric glia have been reported
to be involved in the proliferation and migration of
tumor cells in CRC (26, 17).

The aim of this work was to analyze in a series of
colorectal cancers the expression of the cell adhe-
sion molecule L1 (L1CAM) in the tumor microenvi-
ronment of CRC, in order to better clarify the role
the TME in its insurgence and progression.

PATIENTS AND METHODS

A retrospective study was conducted on forma-
lin-fixed paraffin-embedded tissue samples of CRC
using conventional techniques. The objective was
to examine the immunoreactivity of tumor cells for
L1CAM in the microenvironment of CRC. The biopsy
samples and tissue resections of CRC were obtained
at the Division of Pathology of the University Hospi-
tal of Cagliari.

In the present study, 48 patients affected by colorec-
tal adenocarcinoma, ranging in age from 38 to 88
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Table 1. Clinical, histological, and immunohistochemical data regarding 48 cases years, 20 females and 28 males,
of colorectal cancer were analyzed. The clinical and

CASE TUMOR | L1CAM | BUDDING | L1CAM pathological data are reported in
GRADE | CAF | MARGINS | TUMOR [ MNPy
G1 - - -

1 66 F Three- four micron-thick sections
2 59 M G2 - - - were stained with hematoxylin and
3 61 F G3 + = = eosin (H&E) and immunostained
4 65 M G2 + - - with a mouse monoclonal anti-
5 51 F G1 - - + body (Sigma-Aldrich, clone UJ127)
6 43 F G1 + - + against L1CAM (mouse 1gG1 iso-
7 67 F G2 + + + type). The ultra-View Universal DAB
8 67 M G3 + - - Detection Kit was used for detect-
9 31 M G3 + + + ing primary antibodies. The sec-
10 83 F G2 + + + tions were automatically dewaxed
1 82 F G3 - - - and rehydrated with concentrated
12 81 F G2 + = > EZ Prep (10X) (cat. no. 950-102 /
13 66 F G2 + ++ + 05279771001) and pretreated with
14 82 M G2 + = + the recovery of the heat-induced
15 88 F G2 + = = epitope in ULTRA Cell Conditioning
16 80 M G1 + + + Solution (ULTRA CC1) (cat. 950-224
17 79 M G3 + - - / 0524569001), for 64 minutes at
18 49 M G2 + + + 95°, to follow the slides were incu-
19 71 M G3 + - - bated for 20 minutes at room tem-
20 59 M G1 - - + perature at 1:100 dilution of the
21 38 F G3 + + + monoclonal anti-L1CAM  primary
22 70 M G1 - + i antibody. Nervous structures were
23 79 F G2 + + i utilized as internal positive controls
24 75 F G2 + - - for L1ICAM. As appropriate nega-
25 55 F G1 - - + tive controls, tissue sections were
26 49 F G2 - - + processed omitting the primary an-
27 70 M G2 - - + tibody for L1CAM.

28 74 M G2 - - & L1CAM expression was evaluat-
29 84 F G2 + + + ed in a blinded fashion, without
30 47 M G2 + - - knowledge of clinical and patholog-
31 65 M G2 + + + ical information. The sections were
32 81 M G2 + - - analyzed at high magnification
33 40 F G2 + + + to assess the positivity of L1CAM
34 84 M G1 + - - immunostaining in the microen-
35 82 F G2 + = - vironment of CRC and in tumor
36 67 M G2 + + + cells. We regarded the staining as
37 78 M G2 + + + positive in cases with cytoplasmic
38 70 M G2 + + + and/or cell membrane positivity
39 77 M G1 + - - of cells of the TME. No nuclear re-
40 85 M G2 + - + activity for L1CAM was detected in
4 81 F G2 + = = infiltrating cells of the TME. The x?
42 54 M G1 + - + test was used to examine the as-
43 58 M G2 + . - sociation between L1CAM expres-
44 74 M G2 + + + sion in spindle cells of the TME and
45 74 F G2 + + + clinic-pathological  characteristics
46 69 M G2 + + + of patients, including age, gender,
47 78 M G2 - + + and degree of differentiation (grad-
48 65 M G2 + + + ing) of tumor cells. The small size of
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the Cohort of CRC patients analyzed is a limit of this
study. As a consequence, our findings regarding the
correlation of L1CAM expression in the TME with the
clinical-pathological findings should be considered
as preliminary data. All procedures were performed
according to the Ethical National standards of the
responsible committee on human experimentation
and approved by the Ethic Human Studies Commit-
tee of the University Medical Center of Cagliari (N.
PG/2020/10912).

RESULTS

The study group included 28 male and 20 female
patients ranging from 38 to 88 years of age (mean,
68 years) affected by CRC. Pertinent clinical, histo-
logical, and immunohistochemical findings regard-
ing L1CAM expression in infiltrating spindle cells in
the microenvironment of CRC are presented in Ta-
ble 1. At histology, 10 tumors were slow-grade ad-
enocarcinomas (G1), 31 showed a moderate grade
of differentiation (G2) and the remaining 7 cases
were classified as high-grade adenocarcinomas
(G3). L1CAM expression was observed in the TME
in 37 out of 48 cases (77%) (Table 1). In positive
cases, immunoreactivity for L1CAM was restricted
to the cell membrane and to the cytoplasm of spin-
dle cells the TME (Figure 1), in the absence of any
nuclear immunostaining. No reactivity was detect-
ed in in the TME in the remaining 11 tumors (23%).
A marked interindividual variability was observed
regarding the degree of immunoreactivity for
L1CAM in the peritumoral stroma in the 22 positive
cases, ranging from focal staining, involving less
than 10% of cells of the TME (Figure 2) to diffuse
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Figure 1. Typical L1CAM expression in infiltrating stromal cells of
the microenvironment.
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Figure 3. Diffuse immunostaining for L1CAM in tumor-infiltrating
spindle cells in the TME of colorectal adenocarcinoma.
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Figure 4. L1CAM expression both infiltrating spindle stromal cells
and in tumor cells.
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Figure 5. L1CAM expression is restricted to stromal cells of the
microenvironment in the absence of any expression in tumor cells.
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immunoreactivity (Figure 3). In 22 out of 30 cases
showing expression of L1CAM in the TME, the ad-
hesion molecule was also expressed in tumor cells
(Figure 4). In the remaining 15 cases, L1CAM ex-
pression was restricted to stromal tumor-infiltrat-
ing cells (Figure 5). When evaluating the expres-
sion of spindle infiltrating cells and tumor cells for
L1CAM, four subgroups were identified:

Group 1: stromal cells+/Tumor cells+ (22 cases).
Group 2: stromal cells+/Tumor cells- (15 cases).
Group 3: stromal cells-/Tumor cells+ (8 cases).
Group 4: stromal cells-/Tumor cells- (3 cases).

A strict association was found between the pres-
ence of budding margins and the expression of
L1CAM in the peritumoral stromal cells. Among the
30 CRCs with L1CAM-positive cells of the CRC mi-
croenvironment, 20 were characterized by budding
margins (67%). Among the 20 cases of CRC charac-
terized by budding margins, 18 showed immuno-
reactivity for L1CAM in the TME (90%). We also ob-
served a higher concentration of L1CAM-positive
infiltrating spindle cells in close proximity to tumor
cells acquiring a motile phenotype and infiltrating
the peritumoral microenvironment (Figure 6).

A correlation was observed between the degree
of differentiation of colorectal cancer cells and
L1CAM expression in the TME. Among the 7 high-
grade cases of CRC (G3), 6 showed immunoreac-
tivity of infiltrating stromal cells for L1CAM (86%).
L1CAM-expressing tumor-infiltrating cells were
unevenly distributed within the tumor microen-
vironment. Areas with diffuse L1CAM-reactivity
of stromal cells were observed adjacent to areas
negative for the cell adhesion molecule. Within
the tumor microenvironment, L1CAM expression
was not restricted to stromal cells, being also ex-
pressed in the structures of the enteric nervous
system of the intestinal wall. The strong reactivity
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Figure 6. High expression in peritumoral spindle stromal cells in
close proximity to cancer cells infiltrating the peritumoral stroma.

of nervous structures for L1CAM allowed a bet-
ter identification of perineural invasion occurring
along extrinsic nerves, with Schwann cells ex-
pressing L1CAM and providing physical guidance
for tumor cells (Figure 7). In order to better clar-
ify the nature of L1CAM-positive stromal cells of
the TME, L1CAM immunostaining was compared
with immunostaining for anti-smooth muscle ac-
tin antibodies (SMA), CD163 and Pan-CK in the
same histological field (Fig. 8). In the peritumoral
stroma, L1CAM was expressed in the majority of
spindle cells with morphological features sugges-
tive CAFs (Figure 8A). Focal reactivity for L1CAM
was present also in tumor cells. In Figure 8B,
CD163 immunostaining revealed the presence of
a high number of tumor-associated monocytes/
macrophages (TAMs) in the peritumoral stromal
reaction, including round and spindle cells. No
expression of CD163 was detected in tumor cells.
Alpha-SMA reactivity characterized the vast ma-
jority of spindle cells surrounding tumor cells,
putatively representing activated fibroblasts as-
sociated to CRC (Figure 8C). Pan-CK stain of the
same specimen evienced immunoreactivity for
cytokeratins the majority of tumor cells. No im-
munostaining for CK was found in the stromal
cells of the tumor microenvironment (Figure 8D).
We investigated the dependence between the
presence of budding margins and the expression
of L1CAM in CAFs using a chi-squared test of in-
dependence with the null hypothesis that the pro-
portion of samples presenting budding margins is
independent of the expression of L1CAM stromal
infiltrating cells.

Our results show X2 (1, N = 48) = 3.24, p = .0072,
then we cannot reject the null hypothesis, so we
cannot rule out the possibility that the 2 variables
are independent.
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Figure 7. Perineural invasion: L1CAM-positive Schwann cells provide
physical guidance to cancer cells.
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Figure 8. L1CAM (A), CD163 (B), SMA (C) and Pan-CK (D). Expression in the same histological field. (A) L1CAM is expressed in the majority
of spindle cells of the peritumoral stromal reaction. Focal reactivity for L1CAM is present also in tumor cells. (B) CD163 immunostaining
reveals the presence of a high number of tumor-associated monocytes/macrophages in the peritumoral stromal reaction, including round
and spindle cells. No expression of CD163 is detected in tumor cells. (C) alpha-SMA reactivity characterizes the vast majority of spindle cells
surrounding tumor cells. (D) CK20 stains the majority of tumor cells. No immunostaining for CK20 is found in the tumor microenvironment.

DISCUSSION

Fibroblasts of the TME, better known as cancer-as-
sociated fibroblasts (CAFs), are key stroma cells that
play a major role in tumor insurgence, progression,
promoting tumor cell growth, the epithelial-mes-
enchymal transition of tumor cells, and metasta-
sis (27, 28). Regarding their origin, CAFs predomi-
nantly originate from multiple local mesenchymal
cells, including fibrocytes, peritumoral fibroblasts,
mesothelial cells, vascular smooth muscle cells,
pericytes, and endothelial cells of the peritumor-
al vessels (29). Through the process of endothelial
mesenchymal transition (EndMT), endothelial cells
may detach from neighboring cells and acquire a
migratory phenotype, eventually originating CAFs
(30). CAFs might also originate from circulating
precursors, such as circulating fibrocytes, a leuko-
cyte subpopulation with a peculiar immunohisto-
chemical marking originating from hematopoietic
stem cells(31). Fibrocytes are characterized by the
expression of fibroblastic markers (collagen type
I, vimentin, fibronectin) associated with leukocyte
markers such as CD45 and CD34, in the absence of
CD15 expression (32).
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Very recently, multiple subpopulations of CAFs
have been described: Inflammatory (iCAFs), myofi-
broblastic (myCAFs), antigen-presenting (apCAFs),
CAFs with a highly activated metabolic state (me-
CAFs), and complement-secreting (csCAFs) (33).
These findings support the hypothesis that CAFs
consist of multiple plastic and heterogeneous pop-
ulation that participate in bidirectional signaling
pathways between the multiple cell types that give
rise to the TME (34). The heterogeneity of CAFs has
been recently confirmed by the report of a sub-
population of CAFs producing prolargin, a power-
ful tumor-suppressor that inhibits several pro-an-
giogenic proteins resulting in tumor suppression
and better outcome(35).

Our understanding of the role of CAFs in tumor
progression has been significantly enhanced with
the discovery that the decreased expression of
certain microRNAs secreted by CAFs is linked to
unfavorable clinical outcomes (36). The balance
between GREM1 and ISLR, two CAF-specific genes
involved in the bone morphogenic protein (BMP)
signaling pathway in the TME, plays a major role in
driving tumor progression (37). The expression of



Vol. 3(4), 155-164, 2023

high levels of GREM1 is associated with poor sur-
vival whereas high ISLR expression is associated
with favorable outcomes in colorectal cancer(38).

In this study, we analyzed the immunoreactivity
of stromal cells of the microenvironment of CRC,
including cancer-associated fibroblasts (CAFs),
towards the L1 cell adhesion molecule (L1CAM).
L1CAM is a cell adhesion molecule initially identi-
fied in neurons of the cerebral cortex and found
in various organs during fetal development, in-
cluding the gastrointestinal tract and associated
glands(39), kidneys (40), and the spinal cord (41). In
recent years, L1CAM expression has been report-
ed in multiple tumors, in which it is involved in cell
motility, proliferation, invasion, and resistance to
chemotherapy (42). Moreover, L1CAM immunos-
taining has been associated with poor progno-
sis, poor survival outcomes, and adverse clinical
course (43). A recent study from our group con-
firmed that L1CAM is highly expressed in tumor
cells in a subset of CRCs (44).

Here we first demonstrate that L1CAM is expressed
also in stromal infiltrating cells in most of the CRCs
analyzed (37/48). L1CAM expression in the TME
of CRC was not strictly related to its expression in
tumor cells. Among the 37 cases characterized by
L1CAM expression in stromal cells in the microen-
vironment, only 22 (46%) showed immunoreactivity
for L1CAM even in tumor cells. On the other hand,
only 22/30 CRCs with L1CAM expression in tumor
cells showed immunostaining for L1CAM in the per-
itumoral stroma. Four groups were identified by the
evaluation of L1CAM expression in tumor infiltrat-
ing stromal cells and cancer cells. Group 1: stromal
cells+ and Tumor cells+ (22 cases); Group 2: stromal
cells+ and Tumor cells- (15 cases); Group 3: stromal
cells- and Tumor cells+ (8 cases); Group 4: stromal
cells- and Tumor cells- (3 cases).

L1CAM reactivity was not strictly related to the tu-
mor grade: L1CAM-positive stromal cells were ob-
served in G1, and G2 as well in G3 CRCs. On the oth-
er hand, when taking into consideration the 8 G3
cases, 6 cases (75%) showed immunostaining for
L1CAM in stromal cells of the TME. This finding sug-
gests the existence of some relationship between
tumor differentiation and L1CAM expression in per-
itumoral stromal cells, which should be re-evaluat-
ed in further studies carried out on a larger series
of CRCs.

Another interesting finding emerging from our
study is the relationship between L1CAM expres-
sion in infiltrating stromal cells and the presence

of infiltrative “budding” margins in the tumor mass.
Among the 20 CRCs with budding margins, 18
(90%) were characterized by the immunostaining
for L1CAM in infiltrating stromal cells. Moreover,
among the 22 CRCs with reactivity for L1CAM in the
TME, 18 (47%) showed budding margins. Looking at
the 3 cases with no expression of L1CAM both in
infiltrating stromal cells and in tumor cells (group 4),
in 3 out of 3 cases we did not observe budding mar-
gins. When taking into consideration the 22 cases
with L1CAM reactivity both in peritumoral stromal
cells and in tumor cells (group 1), 18 out of 22 cases
(90%) showed the presence of budding margins. Al
these findings taken together indicate some associ-
ation between the acquiring of a motile phenotype
by cancer cells and the expression of L1CAM in tu-
mor-infiltrating stromal cells and/or in tumor cells.
The evaluation of L1CAM expression in both mem-
bers of the TME, stromal cells and tumor cells, ac-
cording to our work, might improve the significance
of L1CAM expression in CRC, allowing a better strat-
ification of patients with a more aggressive pheno-
type and worse clinical behavior.

CONCLUSIONS

This work lays stress on two major points: i) the rel-
evant role played by the tumor microenvironment,
and in particular by the cancer-associated fibro-
blasts and tumor-associated macrophages, in the
insurgence and progression of colorectal cancer; ii)
the role of the expression of L1CAM both in peritu-
moral fibroblasts and in tumor cells in favoring the
acquisition of a motile phenotype by cancer cells,
ending with the insurgence of budding margins.
According to our preliminary findings, the study of
L1CAM expression in infiltrating stromal cells of the
microenvironment in CRC patients might increase
the ability of oncologists to stratify patients affect-
ed by colorectal cancer (44) regarding the possible
insurgence of metastases and recurrences. These
findings taken together, suggest the relevant role
played by the immunohistochemical detection of
L1CAM in every CRC and the evaluation of L1CAM
expression both in tumor cells and in tumor-infil-
tranting stromal cells. Moreover, according to our
findings, we believe that with the use of CAF-specif-
ic antibodies, the identification of CAFs should be
further investigated as a potential factor influenc-
ing clinical outcomes during immunotherapy. This
would be particularly relevant in colorectal tumors
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in order to better identify patients who are more
likely to benefit from such a treatment approach
(45). The main limitation of the current study is
represented by the small size of the cohort of CRC
patients analyzed. Further studies with larger pro-
spective recruitment will better clarify the role of
L1CAM expression in stromal cells of the CRC envi-
ronment in its insurgence and progression.
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