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Abstract: Tumor-associated macrophages (TAMs) may be noticed in gastric carcinomas (GC), but
their clinicopathological significance has not been yet explored. From a histological review of
400 cases of tubular/papillary adenocarcinomas, 24 cases of stage I-II gastric adenocarcinomas
with intraglandular and stromal TAMs were identified. Their clinicopathological features were
El;,ecfa"‘tz’sr compared with 72 pT-matched as well as stage-matched control cases of adenocarcinomas without

TAMs. TAMs present in GC cases were present either in glands or in neoplastic stroma, showing
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with occasional giant cells. Therefore, the stained TAMs were reminiscent of a specific polarized
macrophage M1 phenotype; however, in any case of our cohort, no M2 phenotype macrophages
were documented by CD 163 and CD 204 immunostainings. Statistically, no significant differences

(TAMs) as Promising Prognostic in age, gender, tumor location, size, and lymphovascular and perineural invasion between the case

Signature in Stage I-1I Gastric group with TAMs and pT- as well as stage-matched controls were reported; furthermore, the case
Adenocarcinomas. Gastrointest. group showed lower frequency of lymph node metastasis (p = 0.02). In addition, a significantly
Disord. 2021, 3, 207-217. https:// different clinical course and overall survival rate were also observed in gastric adenocarcinomas
doi.org/10.3390/ gidisord3040020 with M1 TAMs (p = 0.02) in comparison to controls. These results suggest that tumor-associated

M1 macrophages are related to a quite indolent growth and a better prognosis of patients with this
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_ o 1. Introduction
published maps and institutional affil-

{ations. Tumor progression has been traditionally considered to be an evolutionary process
with genetic/epigenetic alterations targeting only cancer cells [1]. However, it has become
increasingly evident that the development and clinical behavior of a given tumor depend

on tumor microenvironment (TME), which is constituted by blood vessels, immune cells,

and extracellular matrix [2]. Macrophages are cellular protagonists of TME in many tu-
mors [2—-4]; specifically, tumor-associated macrophages (TAMs) have been demonstrated
to provide a favorable microenvironment for tumor expansion and survival stimulating
angiogenesis [2-5]. Environmental situations such as tumor hypoxia may activate this latter
conditions of the Creative Commons  €vent; consequently, TAMs increase in hypoxic regions of neoplasm with the consequent

Attribution (CC BY) license (https:// ~ @cquisition of an invasive phenotype [4-6]. In detail, M1/M2 functional polarization of

creativecommons.org/ licenses/by/ macrophages has been identified [5,6]; very simply, M1 macrophages kill infectious microor-

40/). ganisms or tumor cells, whereas M2 macrophages are associated with tumor progression
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and invasion, favoring TME [4-6]. However, recent evidence suggests that macrophages
exhibit differences in their activation states and the identification of their phenotypes
should be based on specific activation stimulus rather than a generic definition of M1/M2
macrophages, the first defined as “classically activated” (pro-inflammatory) and the second
as “alternatively activated” (anti-inflammatory) [4-9]. Although TAMs infiltration alone
has not been considered a prognostic significant parameter, it has been reported that high
M1 macrophage infiltration is correlated with a better prognostic situation in colon-rectal
cancer (CRC) patients in a stage-dependent manner [4,10]. By contrast, an increase in the
proportion of M2 /M1 type TAMs has been found to be directly related to the presence of
liver metastases in CRC patients [4].

In gastric cancer (GC), depth of invasion, nodal status, and clinical stage have been
positively associated with TAMs infiltration [11-13]. In addition, the role of stromal micro-
hemorrhages in GC has been not well clarified, although some studies have analyzed
the distribution pattern of TAMs [14-17]. Moreover, total TAMs as well the number of
infiltrating M2 have been suggested as negative prognostic factors for GC patients, while
M1 macrophage infiltration has been related to a better favorable prognosis [18]. To resolve
these inconsistencies as well as to clarify the clinicopathological significance of TAMs, we
have compared clinicopathological features of stage I-1I gastric adenocarcinomas with pT-
and stage-matched gastric controls.

2. Results
2.1. Incidence and Clinical Manifestations of Gastric Cancers with TAMs

From January 2005 to December 2020, 400 patients with tubular/papillary /mucinous
gastric cancers underwent gastrectomy at the University Hospital of Messina (Italy). Of
these, 24 patients (6%) histologically showed TAMs in neoplastic tissue. The age of patients
ranged from 60 to 83 years (median: 72 years). The follow-up of patients ranged from 15 to
60 months (mean follow-up 57.2 months). Fifteen patients were men and nine were women.
Tumors were in the fundus (1 = 1), corpus (1= 10) or antrum (n = 13) of the stomach. Tumor
sizes ranged from 30 to 70 mm (median: 52 mm). According to invasion gastric wall (pT),
2 cases were pT1, 14 pT2, and 8 pT3; stage I was encountered in 11 cases, while stage Il was
recorded in 13 cases. Only three patients died for the disease, and they were all in stage II;
the other 21 were still alive with no evidence of disease (Table 1).

Table 1. Prognostic parameters examined in 96 gastric carcinoma cases: a univariate analysis
of cancer-specific mortality by Mantel-Cox log-rank test (df degrees of freedom; TAMs tumor-
associated macrophages).

Variables X2 df p Value
Lymphovascular invasion 1.886 1 0.170
Perineural invasion 1.788 1 0.181
Stage 13.831 1 0.000
TAMSs presence 4.445 1 0.035

The age of 72 patients used as control group ranged from 61 to 84 years (median:
72.5 years). The follow-up ranged from 18 to 64 months (mean follow-up 59 months).
Forty-three patients were men and 29 were women. Tumors were in the fundus (1 = 2),
corpus (n=29) or antrum (1 = 41) of the stomach. Tumor sizes ranged from 32 to 74 mm
(median: 55 mm). According to invasion gastric wall (pT), 6 cases were pT1, 42 pT2,
and 24 pT3; stage I was encountered in 33 cases, while stage II was recorded in 39 cases.
Twenty-six patients died for the disease either in stage I or II; the other 46 were still alive
with no evidence of disease (Table 1).

2.2. Histological Findings

At light microscopy, the tumors were tubular or papillary adenocarcinomas composed
of medium to large glands lined by columnar cells with an eosinophilic or clear cytoplasm.
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Maximal depth of invasion was into the submucosa in 2 cases, muscularis propria in
14 cases and subserosa in 8 cases. Lymphovascular invasion was present in 8 cases, per-
ineural invasion in 2 cases, whereas lymph node metastases were found in 7 cases. In these
tumors, some neoplastic glands contained only foamy macrophages (Figure 1A,B) and
other ones showed foamy macrophages in intimate contact with erythrocytes (Figure 1C).
Sometimes, mainly when the glandular profile was interrupted, a mature granuloma with
multinucleated giant cells was appreciable (Figure 1D).

Figure 1. Neoplastic glands diffusely containing foamy macrophages (double headed black arrow)
(A) Hematoxylin and Eosin, x200; (B) H&E, x320). In other neoplastic glands both erythrocytes and
macrophages were present ((C) Hematoxylin and Eosin, x200). Mature granuloma with giant cells
mixed to foamy macrophages and erythrocytes were sometimes encountered ((D) Hematoxylin and
Eosin, x120).

By immunohistochemistry, the intraglandular TAMs exhibited an evident cytoplasmic
immunoreactivity for CD68 (Figure 2A) and CD80 (Figure 2B) antisera. In any case of
our cohort, the lack of CD 204 cells was documented by the negative immunostaining
(Figure 2C). An equivalent immunohistochemical pattern was also encountered when
TAMs were in tumor stroma along the front edge of the invasion (Figure 2D,E).

Obviously, no evidence of TAMs was documented in control GC cases and therefore,
no immunoexpression of CD68 was recorded (Figure 3).



Gastrointest. Disord. 2021, 3

210

Figure 2. A large amount of CD68+ TAMs was observed either in neoplastic glands or in tumor stroma
((A) Mayer’s Hematoxylin counterstain, x120); at higher magnification, TAMs showed a strong
membrane expression for CD80 ((B) Mayer’s Hematoxylin counterstain, x200). No immunoreactivity
for CD204 was evident in TAMs present in GC ((C) Mayer’s Hematoxylin counterstain, x120). Diffuse
cytoplasmic immunoreactivity for CD 68 ((D) Mayer’s Hematoxylin counterstain, x200) and CD 80
((E) Mayer’s Hematoxylin counterstain, x200) was revealed also in extraglandular TAMs.
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Figure 3. No immunoreactivity for CD163 was noted in intraglandular macrophages ((A) Mayer’s
Hematoxylin counterstain, x300); in neoplastic control case, any macrophage was seen neither CD68
immunostained ((B) Mayer’s Hematoxylin counterstain, x200).
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2.3. Comparison of Clinicopathologic Parameters in Case and Control Groups

Table 1 displays clinicopathological features in the case group compared with those in
the pT- as well as stage-matched controls. The case group presented a lower frequency of
lymph node metastases (p = 0.022) and better clinical course (p = 0.023). The case and control
groups did not differ significantly with respect to age, gender, Hp status, tumor location,
tumor size, gastric wall invasion (pT) lympho-vascular and/or perineural invasion.

By univariate analysis of cancer-specific mortality by Mantel-Cox log-rank test, stage
(p = 0.000) and M1 macrophage presence (p = 0.035) emerged as prognostic parameters in
the whole casuistry of gastric adenocarcinomas (Table 1).

In addition, by multivariate analysis, stage (p = 0.001) as well as M1 macrophages
presence (p = 0.037) maintained their role as independent prognostic variables (Table 2).

Table 2. Multivariate survival analysis by Cox regression model in 96 gastric carcinoma cases (8
regression coefficient, SE standard error, Exp(p) ratio of risk; TAMs tumor-associated macrophages).

Variables B SE Exp (B) p Value
Stage 1.671 0.493 5.318 0.001
TAMs presence —-1.270 0.610 0.281 0.037

Finally, survival analysis with Kaplan—-Meier and log-rank tests showed the 5-year
survival rate of the case group with TAMs was higher than pT- as well as stage-matched
control group (Figure 4).
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Figure 4. Kaplan—-Meier survival curves in 96 gastric carcinoma cases.

3. Discussion

TAMs are one of the most prominent immune components present in neoplastic con-
ditions and their various unfavorable functions, such as contribution in metastatic mech-
anism, immune suppression and chemotherapy resistance, have been hypothesized [15].
However, the role of TAMs in GC is contradictory; in fact, TAMs were shown to be related
to a stromal-associated gene link and poor patient outcome, but they have also been re-
lated to a high level of tumor cell apoptosis and good prognosis [19,20]. These conflicting
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data may be associated with their heterogeneity nature inside individual cancers [21-29].
Moreover, the description of TAMs in GC has been complicated due to their adaptive
changes to environmental stimuli, the lack of limited markers between populations and the
differences between human and animal models [25-27]. Hence, although numerous studies
on macrophage heterogeneity, their significance in human tumors remains unclear [21-29].

It is well known that the main biological characteristic of macrophages is to express
different functional strategies in response to different micro-environmental stimuli, usually
evident in all pathological conditions, such as infections and cancer [5,7]. Typically, chronic
injuries can strongly regulate the immune responses, being able to activate highly polarized
typelor type Il immunity [9,10]. Crucial to the development of type I or type II polarization
is the specificity of the host-pathogen interaction [7-10]. Although intracellular pathogens
induce a type I polarized inflammation, with numerous neutrophils, macrophage infiltrate,
typical in granulomas, some agents trigger strong type Il inflammation, characterized by
extensive eosinophilia, mastocytosis and tissue remodeling [7-10]. However, granuloma-
tous stromal reaction is rarely observed in GC, and it has been reported as epithelioid
granuloma (sarcoid-like) [30-32].

In our GC study group with TAMs, foamy macrophages have been encountered
either inside glandular lumen or in neoplastic stroma; moreover, sometimes TAMs were in
intimate contact with erythrocytes. Occasionally, mainly when the glandular profile was
interrupted, multinucleated giant cell granulomas were noted. By immunohistochemistry,
the polarization of TAMs may be attributed to M1 phenotype, since an evident cytoplasmic
immunoreactivity for CD68 and CD80 antisera was constantly encountered. By contrast,
the absence of CD 163 and 204 immunostaining allows us to exclude M2 polarization in
our GC cases. The same immunoreactive pattern was encountered in TAMs located in
tumor stroma as well as in those present along the front edge of the invasion.

Literature provides positive or negative evidence on the prognostic significance of
TAM s in cancer patients [18,33,34]. In some studies, CD204-positive tumor-associated M2
macrophages have been reported as a significant risk factor for adenocarcinoma develop-
ment in gastric adenoma [35]; moreover, a high density of CD163+ TAMs has been found
to be positively associated with a worse prognosis in GC [34,35]. Huang et al. [34] showed
that increased density of CD163+ (CD206-) TAMs with concurrent high CD68 expression is
associated with improved patient survival by univariate, but not by multivariate analysis.
In contrast with the above-mentioned results, a meta-analysis demonstrated that a high
density of TAMs is associated with better prognosis in patients with colorectal cancer [4].
However, these studies show a remarkable degree of heterogeneity in terms of ethnicity
(Asian/Caucasian), stage (I, I-1II, I-IV), macrophage identification (CD68, CD163 and/or
CD206 stain/immunohistochemistry; antibody clones) and scoring [33-37]. This hetero-
geneity may account for prognostic differences observed between studies regarding TAMs
(reviewed by Galdiero et al.) [38]. Moreover, TAMs have been identified by immunohis-
tochemical techniques (CD68, CD80, CD163, CD 204 and/or CD206), but not related to
their erythrophagocytic activity [39]. Recent investigations underline the relevance of
intra-tumor bleeding, since massive hemorrhage has been a common and serious com-
plication in cancer patients, where it is associated with severe prognosis [40]. However,
the role of micro-hemorrhages in TME is still controversial; in fact, Yin et al. [41] showed
pro-tumoral functions of extra-vascular erythrocytes and hemoglobin able to determine
tumor cell proliferation, inflammation, angiogenesis, and macrophage recruitment. On
the other hand, Costa da Silva et al. [42] showed a co-localization of TAMs in hemorrhagic
areas at the invasive front and in central areas of non-small cell lung cancer. In this study,
patients with lung adenocarcinoma accumulating iron in the TME showed higher numbers
of M1-like pro-inflammatory TAMs and a survival advantage compared to iron-negative
patients [42]. In a subsequent study [43], they demonstrated that iron accumulation in
TAMs does not influence survival in patients with lung squamous cell carcinoma. Accord-
ing to these results, we showed that stage I-II GC with infiltration of M1-like macrophages
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were associated with lower frequency of lymph node metastases and better clinical course
with a significant longer survival compared to pT- as well as stage-matched GC controls.

4. Materials and Methods
4.1. Case Selection

The paraffin-embedded pathologic specimens from 656 patients with gastric cancer,
diagnosed between 2005-2020, were obtained from the archives of Department of Human
Pathology, University Hospital, Messina Italy. This project was conducted in agreement
with Good Clinical Practice guidelines and the Declaration of Helsinki (1975, revised in
2013); its retrospective nature did not need any informed consent, even if written informed
consent had been obtained from each patient before surgical procedures. The clinical
information has been retrieved from the patient’s medical records and pathology reports.

All these resection samples have a uniform fixation, dissection, and processing proto-
col. The pathology reports for these cases were analyzed by a computer search for cases
which included papillary, tubular, mucinous, and poorly cohesive (including signet ring
cell) descriptors in the final diagnosis, according to WHO classification [44]. In this way,
400 gastric adenocarcinomas with papillary, tubular, or mucinous features were selected.
Twenty-four cases (6%) of gastric adenocarcinomas, EBV negative and without mismatch
repair (MMR) defect, but with a peculiar diffuse presence of macrophages were selected.
These patients formed the case cohort of the study (Table 3) and neither received chemother-
apy nor radiation therapy before surgery. Tumors were restaged according to the 2017
American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC)
TNM classification system (8th edition) [45] and they were found all in stage I and 1L

Table 3. Comparison of clinicopathological characteristic of the case cohort and controls.

Variables Case (n = 24) Controls (n=72) p Value
Age (years), median 72 72.5 0.830
Sex
Male 15 43
Female 9 29 0.503
Location
Fundus 1 2
Corpus 10 29
Antrum 13 41 0.930
Size (mm) median 52 55 0.200
Invasion
T1 2 6
T2 14 42
T3 8 24 1.000
Lymphovascular invasion
Absent 16 33
Present 8 39 0.062
Perineural invasion
Absent 22 68
Present 2 4 0.469
Nodal metastases
Absent 17 32
Present 7 40 0.022
Stage
I 11 33

II 13 39 0.592
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Table 3. Cont.

Variables Case (n =24) Controls (n=72) p Value
Helicobacter pylori status
Presence 18 54
Absence 6 18 0.615
Clinical course
Alive 21 46
Death from gastric cancer 3 26 0.023

4.2. Case-Control Study and Matching

The study design was a retrospective case-control study, and the case-control ratio
was 1:3. Control subjects included cases of tubular/papillary /mucinous adenocarcinomas,
where neoplastic glands did not contain macrophages and/or erythrocytes. Thus, 72 pT-
as well as stage-matched controls were considered; this control cohort did not received
any pre-surgical treatment, similarly to that occurred to the GC macrophage-rich group.
During the matching process, the investigators were blinded to the clinical outcomes of the
tumors. Information about tumor size, depth of invasion, lymphovascular invasion (LVI)
(defined as tumor cells within endothelium lined space, confirmed by CD34 and D2-40
immunostaining), perineural invasion (morphologically and S-100 immunohistochemically
defined when tumor cells infiltrated into perineurium or neural fascicles), nodal and
distant metastases, tumor stage were obtained from the review of all Hematoxylin and
Eosin (H&E) slides and pathology reports of the case group and pT- as well as stage-
matched controls. Helicobacter pylori (Hp) status (presence or absence), was determined
by Giemsa staining. All pathological findings have been confirmed by four (RAC, Al, GF
and GT) well experienced gastrointestinal pathologists.

4.3. Immunohistochemistry

Four micrometer thick consecutive sections were cut from the paraffin blocks (selected
for the more representative neoplastic picture in which the tumor component consisted
> of 75%) of the 96 gastric adenocarcinomas have been deparaffinized, then washed in
descending alcohol scale; after rinsing in water, antigen heat-mediated retrieval procedure
has been performed in a microwave oven at 750 W with three rinses (3 min each) in a citrate
buffer solution (pH 6.0). Successively, sections have been treated by 3% hydrogen peroxide
for 10 min, washed again in deionized water for three times and incubated with normal
sheep serum to prevent unspecific adherence of serum proteins for 30 min at room tem-
perature. Subsequently, sections have been washed with deionized water and submitted
to the immunohistochemical procedure against prediluted ready to use antibodies: CD68
(clone KP-1), CD 80 (clone 16-10A1), CD163 (clone MRQ-26), CD 204 (clone MA5-29733),
podoplanin (clone D2-40), S-100 (clone 4C4.9) and CD34 (clone QBEnd/10) on a Ventana
BenchMark Ultra (Roche Diagnostics, Rotkreuz, Switzerland). Antigen retrieval was per-
formed in a high pH Ultra cell conditioning solution (CC1, Roche Diagnostics) for 52 min
followed by incubation with CD68, CD 80, CD163, D2-40, S-100, CD34 (Roche Diagnostics)
and CD 204 (ThermoFisher, Waltham, MA, USA) at 36 °C for 32 min. UltraView Universal
DAB detection kit (Roche Diagnostics) was used in accordance with the manufacturer’s
instructions. Slides were then removed from the Autostainer, counterstained with Mayer’s
Hematoxylin, mounted with Permount and coverslipped.

4.4. Follow-Up

Patients with gastric cancer were followed-up to 5 years or until the time of their
death. Vital status, date of death and the cause of death for all patients were obtained from
the Integrated Cancer Registry of Eastern Sicily on 30 December 2020.
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4.5. Statistical Analysis

Statistical evaluation was performed using the SPSS version 13.0 software package
(SPSS, Inc., Chicago, IL, USA). Fisher’s exact or Chi-square test were used to compare
categorical variables among tubular/papillary adenocarcinomas with or without TAMs.
Cancer-specific survival analysis was performed by the Kaplan-Meier method, and for
comparison of the survival curves, the Mantel-Cox log-rank test was used. A multivariate
analysis (Cox regression model) was used to determine the independent effects of variables
on overall survival. A value less than 0.05 was considered statistically significant.

5. Conclusions

Finally, even if GC is one of the most aggressive tumors and metastases occur in most
patients, stage I-II GC may present a better survival. In these latter cases, according to
our data, the presence of M1 macrophages may represents a new potential morphological
feature of prognostic value; this suggestion is based on our univariate and multivariate
analyses, in which TAM occurrence represents an independent variable together with the
stage of disease. Therefore, M1 macrophages may be an intriguing and attractive morpho-
logical finding, symbol of a prognostic positive outcome in GC patients, although further
studies are required to avoid the potential limitation or bias due to the number of recruited
GC patients. This point should be furtherly investigated taking also into consideration
any demographic characteristics of patient’s population (White, Non-Hispanic, African
and Asian), and the influence of different environmental factors able to modify the rate of
incidence of GC. Finally, the development of new tailored therapeutical approaches may
be addressed to macrophage-targeting strategies, which may encompass several antibodies
as well as tyrosine kinase inhibitors, currently under investigation in clinical trials.
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