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Clinicopathological correlation of tumor-associated macrophages
in Ewing sarcoma

Marek HandI?, Marketa Hermanova®, Sylva Hotarkova®, Jiri Jarkovsky<, Peter Mudry?, Tetiana Shatokhina®, Marcela Vesela®,
Jaroslav Sterba, lva Zambo®

Aims. Tumor-associated macrophages (TAMs) are known markers playing complex roles in tumorigenesis. However, the
function of TAMs in a variety of malignancies is not yet fully understood. The aim of this pilot study was to quantify the
density of TAMs in Ewing sarcoma and to determine the correlation between TAMs and clinicopathological parameters.
Methods. Using immunohistochemistry, the expressions of CD68 and CD163 were examined in 24 tissue samples of
Ewing sarcoma of bone. The density of CD68 and CD163-positive TAMs was analyzed quantitatively and semi-quanti-
tatively and statistically correlated with clinical parameters.

Results. CD163-positive TAMs outnumbered CD68-positive cells (median of 130 vs 96, respectively). No statistically
significant relatio nship was found between density of CD68-positive cells, clinical parameters or prognosis. However,
high levels of CD163-positive TAMs were associated with localized disease (P=0.008). In cases with a higher density of
CD163-positive cells, a trend toward longer survival was revealed (P=0.063).

Conclusion. This is the first study that has quantified CD163 expression in TAMs in Ewing sarcoma and showed its
possible prognostic value. CD163 was confirmed to be a more specific marker of macrophages than CD68. CD163 is
not an exclusive hallmark of M2 macrophages.
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INTRODUCTION The existence of a tumor microenvironment and the
interaction between stromal and tumor cells is implicated

Ewing sarcoma (ES) represents the second most com-  in cancer development and progression’. Macrophages
mon primary bone cancer of childhood, adolescence and  play a crucial role in this interaction, having the ability
young adults. ES has a predilection for Caucasians and to promote tumor growth, invasion, angiogenesis and
typically arises in bone marrow, but extra skeletal soft metastasis®'!. Moreover, these tumor-associated macro-
tissues can also be affected!. It is an extremely aggressive ~ phages (TAMS) contribute to tumor relapse following
tumor with a high propensity for local recurrences and  anticancer therapy'?. Some studies have proven a correla-
distant metastases. At the time of diagnosis, the hematog-  tion between large number of TAMs and poor prognosis,
enous spread to lung and/or bone is detectable in about  advanced grade or stage of various cancers'*'®, Other
25% of patients. Although the current five-year survival studies have produced contradictory results'"°, making
rate is about 70% representing a significant advance in  this issue highly controversial®'. The answer may reside
prognosis in patients with localized disease, the outcome  in the fact that macrophages are highly plastic and can
for patients with early relapse or primary disseminated alter their phenotype flexibly according to local stimuli.
disease remains less than 30% (ref.?). Several clinical and  Briefly summarized, various subsets of TAMS are recog-
pathological factors, such as metastatic spread, histologi- nized with the two extremes of possible differentiation
cal response to chemotherapy, primary tumor localiza-  states: the classically activated, proinflammatory M1
tion, and tumor size and volume, are considered to be = macrophages, and the alternatively activated, tumor pro-
predictive of prognosis®4. However, little is known about moting M2 macrophages?. Interferon-y and microbial
the molecular markers that could be used for prognostic =~ products polarize macrophages along the M1 pathway.
risk stratification at the time of diagnostic biopsy, thus M1 macrophages secrete IL-12, TNF , inducible nitric
before chemotherapy administration. Moreover, recent  oxide synthase (iNOS) and reactive oxygen and nitro-
data have shown that factors based on the biological pro-  gen species (ROS, RNS), thus activating the cytotoxic
file could better reflect the malignancy of mesenchymal Thl immunity response and tumor suppression®2. On
neoplasias, not only in ES (ref.>). the other side of the spectrum are M2 macrophages that
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can be differentiated in the presence of IL-4, IL-10, IL-
13, PGE2 and TGFB. M2 macrophages produce IL-10,
IL-1 receptor antagonist, CC ligand 22 (CCL22), matrix
metalloproteinases and scavenger and mannose receptor.
This way promotes tissue remodeling and angiogenesis,
which supports tumor progression®*?. In the past, M2
macrophages were almost exclusively considered to be
responsible for tumor promoting effects but accumulating
evidence have suggested that it was an oversimplification.
TAMs are composed of multiple macrophage populations
with overlapping features that depend on the mix of sig-
nals in their direct microenvironment%?’,

Currently, the role of TAMs in ES is not fully under-
stood. To the best of our knowledge, there has been only
one published study focused on the relationship between
the number of CD68-positive cells and clinical outcome
in ES patients®.

In this study, the expressions of CD68 and CD163 in
ES tissue samples were immunohistochemically exam-
ined. The densities of TAMs were analyzed quantitatively
and semi-quantitatively and number of infiltrating TAMs
as well as expression levels of TAMs were correlated with
clinicopathological parameters and prognosis.

MATERIALS AND METHODS

Study group and tissue specimens

The study sample consisted of 24 patients with pri-
mary ES who had undergone surgical intervention at the
St. Anne’s University Hospital between 2006 and 2012.
Follow-up data were available until February 2015. All
tumor tissue samples were obtained prior to administra-
tion chemotherapy or radiotherapy and were bioptically
confirmed by pathologists who had special expertise in
sarcomas. The final diagnosis of ES was supported by de-
tection of EWSRI gene rearrangement. The corresponding
formalin-fixed, paraffin-embedded blocks were obtained
from the archive of the 1 Department of Pathological
Anatomy of the St. Anne’s University Hospital in Brno,
Czech Republic. Disease staging was performed accord-
ing to American Joint Committee on Cancer (AJCC)
staging system.

The study was approved by the Ethics Committee of
the University Hospital Brno. All procedures to obtain
human tumor tissue samples and follow-up information
were in accordance with the ethical standards of the insti-
tutional and national research committee, with the legisla-
tion of the Czech Republic and with the 1964 Helsinki
declaration (revised in 2013). Informed consent was ob-
tained from all individual patients or their guardians. The
individual patient cannot be identified from any material
in the manuscript.

Immunohistochemistry

Immunohistochemical analysis of CD68 and CD163
expression was performed on 4-um thick tissue sections
mounted on positively charged glass slides. Sections were
deparaffinized with xylene and rehydrated through a grad-
ed series of ethanol. Antigen retrieval was performed in

the calibrated pressure chamber Pascal (DAKO, Glostrup,
Denmark) by heating the sections in Tris/EDTA buffer
(Dako) at pH 9.0 at 117 °C for 1 min. Endogenous per-
oxidase activity was quenched in 3% hydrogen peroxide
in methanol for 20 min. The slides were subsequently
incubated at room temperature for 60 min with a mouse
monoclonal antibody against CD68 (clone KP1, dilution
1:100, Dako, Glostrup, Denmark) or a mouse mono-
clonal antibody against CD163 (clone 2G12, dilution
5:100, Abcam, Cambridge, UK). Tissue sections were
then incubated with anti-mouse secondary antibody. For
CD163, a streptavidin-biotin peroxidase detection sys-
tem was used in accordance with manufacturer’s instruc-
tions (Vesctastain Ellite ABC Kit, Vector, Burlingame,
California, USA). For CD68, two-step detection system
without avidin or biotin was applied (EnVision+ Dual
Link system-HRP, DAKO). All slides were immersed in
3,3’-diaminobenzidine (DAB, Dako) and counterstained
with Gill’s hematoxylin. Negative controls were prepared
by incubating samples without primary antibody. For
CD163 and CD68, Kupffer cells in liver and normal tis-
sues of appendix were used as external positive controls,
respectively.

All immunostained slides were evaluated by two inde-
pendent observers (MH and SH) without any knowledge
of the clinicopathological information.

Evaluation of immunostaining

The representative fields of immunostaining were
chosen at low magnification. The density of CD68 and
CD163 positive cells were quantitatively assessed by using

Table 1. Clinicopathological characteristics of patients with

ES (n=24).
Variables Median (range) / n (%)
Age years 12.5(2.0-27.0)
Gender Male 13 (54.2%)
Female 11 (45.8%)
Stage 2a 5(20.8%)
2b 6 (25.0%)
3 3(12.5%)
4 10 (41.7%)
M status 0 14 (58.3%)
1 10 (41.7%)
RO resection no 4(16.7%)
yes 20 (83.3%)
CR no 8 (33.3%)
yes 16 (66.7%)
Follow-up length months 54 (11-109)
CD68 numbers 96 (33-257)
CD68 level 1 7 (29.2%)
2 7 (29.2%)
3 10 (41.7%)
CD163 numbers 130 (58 - 355)
CD163 level 1 5(20.8%)
2 10 (41.7%)
3 9 (37.5%)

"median (minimum - maximum)/count (percentage)
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Table 2. Relationship between CD68 expression and clinicopathological variables of ES.

CD68 level®

= 1 2
n=24 CD68 P | ) 3 P
Age 0.313 0.137 7.0 (2-19) 13.0 (7-18) 13.0 (4-27) 0.249
Gender Male 77.0 (49-201) 0.562 3(27.3%) 2 (18.2%) 6 (54.5%) 0.434
Female 135.0 (33-257) 4 (30.8%) 5(38.5%) 4 (0.0%)
M status 0 90.5 (49-201) 0.907 4 (28.6%) 4 (28.6%) 6 (42.9%) 0.990
1 101.0 (33-257) 3(30.0%) 3(30.0%) 4 (40.0%)
RO resection yes 130.5 (65-201) 0.278 0(0.0%) 2 (50.0%) 2 (50.0%) 0.198
no 95.5(33-257) 7 (35.0%) 5(25.0%) 8 (40.0%)
CR no 122.5 (57-257) 0.327 1(12.5%) 3(37.5%) 4 (50.0%) 0.409
yes 73.0 (33-201) 6 (37.5%) 4 (25.0%) 6 (37.5%)
!'Spearman correlation coefficient/median (minimum-maximum)
2 Significance of Spearman correlation coefficient/Kruskal-Wallis test
3 absolute (relative frequency)/median (minimum-maximum)
4ML-chi square test/Kruskal-Wallis test
Table 3. Relationship between CD163 expression and clinicopathological variables of ES.
3
n=24 CD163' P D163 level P
1 2 3
Age 0.139 0.516 10 (2-19) 13,5 (5-27) 12 (3-18) 0.666
Male 127.0 (58 - 208) 3(27.3%) 4 (36.4%) 4 (36.4%)
Gender Female  133.0 (61 - 355) 0369 5 (154%)  6(462%)  5(38.5%) 0760
0 158.5 (89 - 314) 0 (0.0%) 6 (42.9%) 8 (57.1%)
M status 1 83.0 (58 - 355) 0008 5 500%)  4(40.0%)  1(10.0%) 0.002
. yes 142.5 (131 - 189) 0 (0.0%) 2 (50.0%) 2 (50.0%)
RO t 0.278 0.353
resection o 123.5 (58 - 355) 5(25.0%)  8(40.0%)  7(35.0%)
no 109.0 (62 -178) 2 (25.0%) 5(62.5%) 1(12.5%)
CR yes 144.5 (58 - 355) 0.126 3(18.8%) 5(31.3%) 8 (50.0%) 0.159

''Spearman correlation coefficient/median (minimum-maximum)

2 Significance of Spearman correlation coefficient/Kruskal-Wallis test
absolute (relative frequency)/median (minimum-maximum)
*ML-chi square test/Kruskal-Wallis test

NIS-Elements Software. The macrophages were counted
in an image with an area of 1 mm?, which was created
from 20 different visual fields (0.2 mm % 0.25 mm). The
cases were then stratified into three levels according to
the number of TAMs. The proportion of CD68 positive
cells was scored as follows: 1, < 60 positive cells; 2, 61-130
positive cells; and 3, >131 positive cells. Levels of CD163
positive cells were specified as: 1, < 80 positive cells; 2,
81-140 positive cells; and 3, >140 positive cells.

Statistical analysis

Standard descriptive statistics included absolute and
relative frequencies for categorical variables and median
with minimum-maximum range for continuous variables.
Relations between continuous variables were described
using Spearman correlation coefficient. Statistical sig-
nificance between groups was tested using the maximum
likelihood chi-square test for categorical variables and
Kruskal-Wallis test for continuous variables. Survival of
patients was visualised using the Kaplan-Meier curve; ef-
fect of patient characteristics on survival was analysed
using the Cox proportional hazards model and described
using hazard ratios and 95% confidence interval (CI).

The SPSS 23.0.0 (IBM Corporation, 2015) was used for
the analyses.

RESULTS

The characteristics of the study cohort are listed in
Table 1. The study sample consisted of 13 (54.2%) males
and 11 (45.8%) females. The median age was 12.5 years
(range 2.0 - 27.0). All patients completed the standard
therapeutic regimen. The follow-up periods ranged from
11 to 109 months (median 54.0 months). Localized dis-
ease was noted in 14 patients (58.3%). At the time of
diagnosis, ten patients (41.7%) had AJCC Stage 4, which
refers to distant metastatic disease at onset. Total of
20 (83.3%) patients underwent surgery and at least one
complete remission occurred in 16 (66.7%) patients. At
the last censored time, 17 (70.8%) patients were alive.
Of these 17 survivors, 14 remained with no evidence of
disease and 3 went to the remission after receiving a treat-
ment for relapse. Total of 7 (29.2%) patients succumbed
to disease progression.

Using immunohistochemistry, expressions of CD68
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Fig. 1. Expression of CD68 and CD163 in Ewing sarcoma.

The proportion of CD68 positive cells was scored as follows: 1, < 60 positive cells; 2, 61-130 positive
cells; and 3, >131 positive cells. Expression levels of CD163 were specified as: 1, <80 positive cells; 2,
81-140 positive cells; and 3, >140 positive cells. Original magnification X200

and CD163 were evaluated and quantitatively and semi-
gauntitatively analyzed. Representative immunostainings
of infiltrating CD68 and CD163-positive cells are shown
in Fig. 1.

Overall, CD163-positive TAMs outnumbered CD68-
positive cells (median of 130 vs 96, respectively).
Approximately 71% and 79% of cases displayed a modest
to massive infiltration of CD68 or CD163-positive cells
(levels 2 and 3), respectively. The density or levels of
CD638-positive cells were not significantly associated with
clinical parameters or prognosis. However, the number
of CD163-positive TAMs was correlated with MO status
(P=0.008). Similar results were obtained by comparing
the levels of CD163 expression with M status: cases with
high-level of CD 163 expression (level 3) were significantly
associated with localized disease (P=0.002). Relationships
between CD68 and CD163 expression and clinicopatho-
logical parameters are shown in Table 2 and 3. Univariate
Cox proportional hazard regression analysis revealed a
strong trend toward longer survival in relation to a higher
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density of CD163-positive TAMs, with Hazard Ratio 0.99
(95% CI, 0.97-1.00), however these results did not reach
statistical significance (P=0.063, Fig. 2). Results of uni-
variate analyses for overall survival are listed in Table 4
and Fig. 2.

DISCUSSION

ES is characterized by highly aggressive behavior.
Since the introduction of multimodal treatment relevant
advances have been achieved for prognosis in patients
with localized disease. Nevertheless, the outcome for pa-
tients with early relapse or primary metastatic disease
remains poor?. Currently, prognostic factors in ES are
mostly derived from clinical parameters. However, mo-
lecular markers usable for prognostic risk stratification
at the time of diagnosis have not yet been established.

TAMs represent a group of stromal cells that play an
important role in oncogenesis and tumor progression?.
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Fig. 2. Overall survival according to levels of CD163.

Due to the heterogeneity of the macrophage population,
their role in the tumor microenvironment is very com-
plex?>?’. TAMs can develop a continuum of polarization
states with the tumor-suppressing M1 macrophages lying
on one end and the tumor-promoting M2 macrophages on
the other. The proportional representation and localiza-
tion of the different phenotypes of TAMs in the tumor
tissue determine the overall influence of the macrophage
population in a given neoplasia?®?’. For the patient, the
effect of TAMs can therefore be either beneficial or ad-
verse?*°, The phenotypic diversity of the TAMsS is prob-
ably the main reason for the unclear picture of their effect
on tumor progression. There have been studies that sup-
port the tumor-promoting roles of the TAMs (ref.'¢). On
the other hand, some studies have identified the effect of
TAMs as tumor-suppressing!”2,

This heterogeneity of the results is caused by the
inability to clearly distinguish between TAM subtypes.
Various studies have used different markers for the iden-
tification of TAMs, the most common being CD68 and
CD163 (ref.?*). CD68 is considered to be a pan-macro-
phage marker and CD163 was reported to show prom-
ising signs of being a somewhat specific marker of M2
macrophages’'*2. However, our study suggests these as-
sumptions may not be generally applicable. While CD68
is a marker commonly used as a macrophage marker in
routine histological practice, it has been reported to be
relatively non-specific, with positive staining in a wide
variety of haematopoietic and non-haematopoietic cell
types. This is in concordance with the fact, that CD68 is
a lysosome-associated rather than histiocytic marker®*3>.
As demonstrated in our study CD68 cannot be considered
a reliable marker for TAMs due to its low sensitivity.

CD163, however, appears to be a better alternative
to CD68. The expression of CD163 in lymphomas, car-
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Table 4. Overall survival according to CD68 and CD163.

HR (95% CI) P
CD68 1.01 (0.99-1.02) NS
CD68 level 1 1
2 2.05(0.18 - 22.63) NS
3 3.39(0.38 - 30.38) NS
CD163 0.99 (0.97-1.00) 0.063
CD163 level 1 1
2 1.26 (0.25 - 6.51) NS
3 -

HR, hazard ratio; CI, confidence interval; NS, not significant

cinomas and sarcomas has been shown to be highly spe-
cific and largely restricted to the monocyte/macrophage
lineage’®. Furthermore, CD163-positive macrophages
may in some cases outnumber CD68-positive cells*’* as
indicated by our study. Many reports have used CD163
for identification of M2 macrophages!*!6!73132 However
some studies have suggested, as well as our results, that
CD163, being a good marker for TAMs in general, cannot
be considered an exclusive marker of M2 macrophages
when used on its own®”*. Thus, using CD163, we are
only able to identify the TAMs but unable to distinguish
between the different phenotypes.

To date, few published studies have focused on TAMs
in human sarcoma tissues. In a cohort of 53 high-grade
osteosarcomas, the number of CD14-positive TAMs
was associated with reduced metastasis and improved
survival, whereas the phenotype CD14/CD163 did not
show this relationship'®. The significance of CD68 and
CD163 positive cells was also investigated in 149 samples
of leiomyosarcomas. In cases of nongynecologic local-
ization, CD163 or CD68 staining was associated with a
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significantly poorer disease-specific survival, however, no
correlation between macrophage infiltration and survival
was revealed in leiomyosarcomas arising from the gyne-
cologic tract*’. Analysis of 47 cases of gastrointestinal
stromal tumor showed a dominance of the CD14/CD163-
positive subset of TAMs within a macrophage population
and these cells were more frequently found in metastatic
lesions compared to primary tumors*’. One study so far
has examined the macrophage infiltration in ES (ref.").
In total of 41 samples of ES, Fujiwara and co-workers ana-
lyzed the prognostic impact of CD68 expression in infil-
trating macrophages. Our study did not confirm reported
findings that higher levels of CD68-positive macrophages
correlate with poorer overall survival, as we did not find
any statistically significant relationship between CD68-
positive cells, disease stage or survival. For the first time,
we have quantified the expression of CD163 in ES and
analyzed the impact of CD163-positive TAMs in relation
to clinical variables and prognosis. In our study, CD163-
positive TAMs correlated with lower stage, in other words
localized disease of ES. Moreover, a strong trend toward
longer survival was evident in relation to the density of
CD163-positive cells.

CONCLUSION

In conclusion, CD163 represents a sensitive marker
for macrophages, although it lacks specificity for the M2
phenotype. Our preliminary study revealed an association
between CD163 expression and lower stage ES. The find-
ings suggest the usefulness of future detailed analysis of
TAMs in a larger cohort of patients with ES.
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