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Abstract: We have previously described immune cells in untreated primary gastrointestinal stromal tumors (GIST).
Here we compare immune cells in metastatic and primary GIST, and describe their chemoattractants. For this pur-
pose, tissue microarrays from 196 patients, 188 primary and 51 metastasized GIST were constructed for paraffin
staining. Quantitative analysis was performed for cells of macrophage lineage (Ki-M1P, CD68), T-cells (CD3, CD56)
and B-cells (CD20). Chemokine gene-expression was evaluated by real-time RT-PCR. Immuno-localisation was veri-
fied by immunofluorescence. Ki-M1P+ cells were the predominant immune cells in both primary and metastatic
GIST (28.8% + 7.1, vs. 26.7% + 6.3). CD68+ macrophages were significantly fewer, with no significant difference be-
tween primary GIST (3.6% + 2.1) and metastases (4.6% * 1.5). CD3+ T-cells were the most dominant lymphocytes
with a significant increase in metastases (7.3% + 2.3 vs. 2.2% + 1.8 in primary GIST, P < 0.01). The percentage of
CD56+ NK-cells was 1.1% + 0.9 in the primary, and 2.4 + 0.7 (P < 0.05) in the metastases. The number of CD20+
B-cells was generally low with 0.6% + 0.7 in the primary and 1.8% + 0.3 (P < 0.05) in the metastases. Analysis of
the metastases showed significantly more Ki-M1P+ cells in peritoneal metastases (31.8% + 7.4 vs. 18.2% + 3.7, P <
0.01), whilst CD3+ T-cells were more common in liver metastases (11.7% + 1.8 vs. 4.4% + 2.6, P < 0.01). The high-
est transcript expression was seen for monocyte chemotactic protein 1 (MCP1/CCL2), macrophage inflammatory
protein 1a (MIP-1a/CCL3) and the pro-angiogenic growth-related oncoprotein 1 (Gro-a/CXCL-1). Whilst the ligands
were predominantly expressed in tumor cells, their receptors were mostly present in immune cells. This locally spe-
cific microenvironment might influence neoplastic progression of GIST at the different metastatic sites.
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Introduction common (about 60 %), followed by the small

intestine (25-35%), and colon (5%) [3-5]. They

Gastrointestinal stromal tumors (GIST) are
rather rare, however they are the most common
soft tissue tumors of the gastrointestinal tract
with an incidence of approximately 15 per mil-
lion per year [1].

GIST are believed to develop from the intersti-
tial cells of Cajal, pacemaker cells of the gut or
their precursor cells, and thus generally immu-
nohistochemically stain for c-KIT (CD117 anti-
gen). Oncogenic mutations in receptor tyrosine
kinases lead to the activation of cell-signalling
cascades involved in the regulation of cell pro-
liferation, chemotaxis and adhesion [2]. GIST
can occur at any location within the gastroin-
testinal tract. GIST of the stomach are the most

occur at a median age of 55-65 years, without
gender predilection [3]. Lymph node metastasis
is negligible. Distant metastatic spread mainly
involves the liver and the peritoneal cavity [6].
GIST have been included into the UICC/TNM
classification of malignant tumors [7] consider-
ing tumor size and mitotic activity. The classifi-
cation follows the criteria for risk of recurrence
established by Fletcher et al. [8]. To predict the
malignant potential of GIST at the different
locations, the classification by Miettinen, et al.
(AFIP-criteria) additionally integrates primary
tumor location in view of size and mitotic activ-
ity [B]. The cytological morphology (spindle, epi-
thelioid or mixed) seems to have some prognos-
tic value [9, 10]. Furthermore, it has been
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Table 1. Composition of the study collective

No. of patients
Age (years)
Primary operation
Liver metastasis
Peritoneal metastasis
Sex
Male
Female
Unkown
Tumor origin: 188 primary GIST
Stomach
Small intestine

that maturation of den-
dritic cells and activa-

196
Median Range tion of macrophages
67 (33-90) an.d as § consquence,
64 (39-85) stimulation of the immu-
20 (40-81) ne response can re§tore
) antitumor cytotoxic T-
No. of patients % cell responses [18, 22,
103 52.5%  35.36] and tumor lysis
88 45.0% by NK-cells [36]. Even
5 2.5% though the presence of
immune cells within G-
113 60.1% ST has been described
55 29.2% [18-22], only preliminary
15 8.0% data are available on

Large intestine

Unkown 2.7% the differences between
Sites of metastases: 51 GIST metastases primary tumor and me-
Liver 42.3% tastases in an untreat-
Peritoneum 57.7% ed patient collective
Number of metastatic sites [21(’:1 t22]. Furthlerl;rllore,
1 34 (liver 20, peritoneum 14) 66.7% no data are ?Val able on
) . the expression of che-

2 5 (liver 1, peritoneum 4) 9.8% . . .
motactic cytokines in

>3 2 (liver 0, peritoneum 2) 3.9%

GIST.

hypothesized that GIST need additional stimuli
to the underlying activating mutation in the
tyrosine kinase receptor, to evolve into clinical
GIST [14]. As in other tumors, a tumor microen-
vironment can be assumed essential for tumor
growth and neovascularization [12-14]. The
growing tumor regulates and maintains its
microenvironment by secreting chemotactic
cytokines [15-17]. We and others could show,
that GIST has a varying immune cell infiltrate
[18-22].

Reviewing the literature, the overall impression
is that whilst untreated epithelial tumors seem
to have a rather inflammatory immune cell infil-
trate [16, 17, 23, 24] and often originate in a
pro-inflammatory setting [25-27], other (non-
epithelial) tumors such as melanoma [28, 29]
or GIST [19] supposedly contain non-activated
immune cells such as immature dendritic cells
and tumor associated macrophages (TAMSs).
Instead of promoting inflammation, TAMs seem
to be better adapted for scavenging debris, pro-
moting angiogenesis, and tissue remodelling
[19, 30, 31]. Their lack of producing inflamma-
tory cytokines such as II-6 and TNF-«, as report-
ed in our previous study [19], points to a possi-
ble “symbiotic relationship” between the tumor
and local immune cells. Recent studies show,
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The aim of our study was thus to analyse the
frequency of immune cells necessary for tumor-
host interactions, i.e. macrophages and lym-
phocytes, in primary GIST compared to GIST
metastases at their most common sites, liver
and peritoneum. For this purpose, the following
immune-cell markers were chosen: Ki-M1P, as
mononuclear phagocyte antigen, is a marker
for rather immature macrophages, including
tissue macrophages and subpopulations of
immature dendritic cells [37, 38]. CD6S8 is a
marker for macrophages, reacting with lysoso-
mal antigens [39]. CD3 was used as a general
marker for T-lymphocytes, CD56 for NK-cells,
and CD20 was used as a marker for
B-lymphocytes. As immune cells are recruited
by the tumor, we investigated the expression of
the main chemotactic and pro-angiogenic
cytokines in our primary tumor collective.
Monocyte chemotactic protein 1 (CCL2/MCP1)
plays a central role in monocyte recruitment
and transmigration [40-42]. Growth-related
oncoprotein 1 (CXCL1/Gro-«) is known as pro-
angiogenic factor, associated with metastatic
potential [43-45]. We further investigated mac-
rophage inflammatory protein (MIP) 1 (CCL3),
1B (CCL4), 3a (CCL20) and 3B (CCL19), which
play a role in monocyte recruitment, dendritic
cell migration and chemotaxis of NK-cells [46-
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Table 2A. Antibodies used for immunohistochemistry

fin-embedded tumor blo-

Anibody Diution ""eUSETEN AN vonor (CatiNo) o mamel domue artaver
c-KIT (CD117) 1:200 heat DAKO (A4502) (Alphametrix GmbH, Rod-
MIB1 (ki67 clone MIB1)  1:200 heat DAKO (M7240 gau, Germany). In each
Ki-M1P 1:6000  protease (Sigma)  Pathology, Kiel:[38] ~ C©@S€, 3 10 6 tissue punch-
CD 68 (clone KP1) 1:6000 heat DAKO (M0814) es (mean: 4.8) each with
CD3 (polyclonal) 1:100 heat DAKO (A0452) a diameter of 1 mm have

been taken from different
CD20cy (clone L26) 1:200 heat DAKO (MO755) tumor areas. Immunohis.
CD56 (clone 123C3) 1:100 heat Zymed (18-0152)

tochemistry was perfor-

commercially not available.

med using the alkaline
phosphatase-method on

Table 2B. Antibodies used for immunofluorescence

Antibody Dilution Vendor (Cat.No.)

CCL2 (MCP-1) 1:100 R and D systems (AF-279-NA)
CCR2 1:100 Abcam (ab13310)
CXCL1 (Gro-o) 1:100 R and D systems (AF515NA)
CXCR2 1:100 Abcam (ab14935)

formalin-fixed and paraf-
fin-embedded tissue sec-
tions as described earlier
[19]. Visualization of the
specific primary antibody
was performed using the
Dako ChemMate™ Dete-

48]. Gro-B (CXCL2) and Gro-y (CXCL3) are
growth-related oncoproteins and play a role in
mixed leukocyte recruitment. 1I-8 (CXCL8) has
pro-angiogenic properties [12].

Material and methods

The samples were retrieved from a consecutive
series of surgically resected GIST obtained
throughout the years 1991-2009, archived in
the Institute of Pathology of the Medical
University, Goéttingen, including 188 primary
and 51 metastasized GIST (22 liver and 29 per-
itoneal metastases) from a total of 196 patients
with untreated GIST. Some patients had been
re-operated for GIST recurrence (Table 1).
Additionally, 40 snap frozen samples (34 pri-
mary tumors and 6 metastases) from an earlier
series [19] were available for immunofluores-
cent staining and real-time PCR analysis. The
analysed patients had not received imatinib or
other tyrosine kinase inhibitors prior to the
operation. Evaluation of malignancy was per-
formed according to Miettinen et al. [49] and
risk of aggressive behaviour was estimated
according to Fletcher et al. [8]. Ethics approval
for this study was obtained from the local eth-
ics committee.

Tissue microarray and immunohistochemistry

For immunohistochemical analysis, tissue mi-
croarrays (TMA) were constructed from paraf-
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ction Kit (K5005, DAKO,

Glostrup, Denmark) with
NeoFuchsin as a chromogen, according to the
manufacturers’ instructions. Hemalaun was
used as counterstain. As a negative control,
non-immune serum was used. The optimal
working dilutions of the antibodies are listed in
Table 2A.

For GIST diagnosis, anti-human c-KIT antibody
was used. The proliferation index was quanti-
fied using the Ki67 antigen (MIB1) from the
areas with the highest mitotic activity. The fol-
lowing antibodies were used to characterize
the immune cells within the tumor microenvi-
ronment. Ki-M1P is a fibrohistiocytic marker to
detect tissue macrophages [38] and a popula-
tion of CD1a negative dendritic cells (DCs) [37].
CD68 was used as a general marker for mature
macrophages [39]. CD3 [50] and CD20 [51]
were used to differentiate between T- and
B-cells, respectively. Furthermore, CD56, a sur-
face marker of natural killer (NK) T-cells was
used [52, 53].

Evaluation of immunohistochemical stainings

Computer-guided analysis was performed for
immune cells of the macrophage lineage
(Ki-M1P, CD68) and lymphocytic origin (CD3,
CD20, CD 56). From each tissue punch, a digi-
tal photo (at 200x% original magnification; light
microscope, Carl Zeiss, Jena, Germany) was
taken, and a self-written computer program
was used to count the immunopositive cells

Int J Clin Exp Pathol 2014;7(7):3563-3579
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Table 3. Sequences of gene-specific primers used for quantitative

RT-PCR analysis

two minutes, and 45 cycles
of 95 °C/15 sec and 60

Gene Primer sequence Eroduct 0730 sec. As housekeeping
size (bp) gene, beta-actin was used,
CCL2 (MCP-1)  Sense: 5'-CAG CAG CAA GTG TCC CAAAG 51 bp which was checked for stabil-
Antisense: 5-TTG GCC ACA ATG GTC TTG AA ity. For relative quantification
CCL3 (MIP-30) Sense:  5'TGG TGA CAACCG AGTGGCT 83 bp of mRNA, the following arith-
Antisense: 5'TGG TGC CAT GAC TGC CTA CA git:gssfgmﬁlihema:kinuesfect
CCL4 (MIP-1B) Sense:  5'-CTC TCA GCA CCAATG GGCTC 84 bp ative 1o B-actin = 247 where
Antisense: 5’-GTA AGA AAA GCA GCA GGC GG ACT = (CT of target-CT of
CCL20 (MIP-3a) Sense:  5-GAG TTT GCT CCT GGCTGCTTT 63 bp B-actin) [56]. For better visu-
Antisense: 5'-GCC GCA GAG GTG GAG TAG C alization within the figures,
CCL19 (MIP-3B) Sense:  5-GGT GCC TGC TGTAGT GTTCA 200 bp the results were multiplied
Antisense: 5-GGT CCT TCC TTC TGG TCC TC with 1000.
CXCL1 (Gro-) Sense:  5-GTG TGAACG TGAAGT CCCCC 51 bp
Antisense: 5-GCT ATG ACT TCG GTT TGG GC Immunofiuorescent staining
CXCL2 (Gro-B)  Sense:  5-CCC AAA CCG AAG TCATAGCC 50 bp of selected chemokines and
Antisense: 5'-TGA GAC AAG CTT TCT GCC CA their receptors
CXCL3 (Gro-y) Sense: 5’-TGT GAA TGT AAG GTC CCC CG 50 bp Immunofluorescent staining
Antisense: 5’-GCT ATG ACT TCG GTT TGG GC (IF) was performed on kryo-
CXCL8 (IL8)  Sense:  5-ATG ACT TCC AAG CTG GCC G 53 bp sections (4-5 um) of 40 fresh
Antisense: 5-GCT GCA GAA ATC AGG AAG GC frozen tumor samples. Two
B-actin Sense:  5-CTG GCA CCC AGC ACA ATG 68 bp relevant chemokines CCL2
Antisense: 5’-CCG ATC CAC ACG GAG TAC TTG (MCP-1) and CXCL1 (Gro-)

and their receptors were

and the counterstained nuclei [19, 54]. A mini-
mum of 3 representative and good quality pho-
tographs were then used for further analysis.
The correctness of the obtained numbers was
validated visually.

Quantitative realtime RT-PCR of chemokine
transcripts

RNA was extracted from 40 (previously untreat-
ed) snap-frozen tissue samples, according to
the trizol-method described previously [55].
Reverse transcription was done using the
moloney murine leukaemia virus (MMLV)
reverse transcriptase (Invitrogen, Darmstadt,
Germany). Table 3 shows a list of the primers,
which have been gene specifically synthesized
(Invitrogen, Darmstadt, Germany). Realtime
RT-PCR was performed in 40 cases (34 primary
GIST and 6 metastases: 3 peritoneum, 2 liver,
1 other) with the ABI Prism 7900 real-time PCR
Cycler (Applied Biosystems, Foster City, CA,
USA). Quantification of the mRNA was per-
formed by relative quantification using Sybr
Green UDG master mix from Invitrogen
(Darmstadt, Germany). PCR conditions were
set as follows: 50 °C for two minutes, 95 °C for
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selected. For comparison of
immunopositivity, anti-ckIT was used as a
marker for tumor cells. Anti-CCL2 and its recep-
tor CCR2 as well as anti-CXCL1 and its receptor
CXCR2 were used as primary antibodies (Table
2B). The required secondary antibodies were
all obtained from Invitrogen (Darmstadt,
Germany). Antigens of the chemokines were
visualized with anti-mouse alexa 488 (green)
and of the receptors with anti-rabbit alexa 555
(red) (Molecular Probes, Invitrogen, Darmstadt,
Germany). Cell nuclear counterstaining was
done with 4’, 6-diamidino-2-phenylindole (DAPI;
Molecular Probes, Invitrogen, Darmstadt,
Germany). The IF-stainings were analyzed with
an epifluorescent microscope (Axiovert 200M;
Zeiss, Jena, Germany). The photomicrographs
were obtained using the Axiovision 4.5 soft-
ware (Zeiss, Jena, Germany).

Statistical analysis

Values for the count of immune cells are
expressed as means + SD (standard deviation).
Significant differences between the means
were evaluated using ANOVA followed by
Student’s t-test. Differences of P < 0.05 were
considered to be statistically significant. The

Int J Clin Exp Pathol 2014;7(7):3563-3579
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Figure 1. Representative paraffin sections showing the varying histomorphology of Ki-M1P+ cells. (A) Abundant
cellular infiltrate of Ki-M1P+ fibrohistiocytes. Note their partly interdigitating dendritic projections. (B) In regressive
tumor areas, Ki-M1P+ cells showed round morphology, similar to activated macrophages. In (C and D) they showed
the rather delicate appearance with tender projections and spikes of dendritic cells. (Scale bar 100 um, original

magnification x200, inlays with 4x magnification).

summary of the PCR-data is shown as box-and-
whisker plot. These data were analysed using
the Mann-Whitney-U-test between two unpaired
groups, with P < 0.05 considered to be signifi-
cant.

Results
Patient cohort

Tumor samples of 196 different patients were
included into the analysis. 45% were female
and 52.5% male (Table 1). The mean age at the
time of operation was 68 (+ 12.0) years. Women
had a mean age of 66.4 years (+ 13.1), whilst
the age of men was about two years younger
with 64.4 years (+ 12.0) (Table 1).

Tumor location

Of the 188 primary GIST, 60.1% were located in
the stomach, 29.2% in the small intestine and
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8% in the colon. As for the 51 metastases,
43.1% were liver metastases, 56.8% peritoneal
metastases (Table 1). Five of these were locat-
ed retroperitoneally, however, they were attrib-
uted to the group of peritoneal metastases.

Histopathologic findings

Of the 188 primary GIST, 97.7% were c-KIT posi-
tive (CD117). 57.4% were of spindle cell mor-
phology, 13.3% of epithelioid and 29.2% of
mixed phenotype. As for the 51 metastases,
55% showed a spindle-cell phenotype, 15.7%
were epithelioid, and 27.4% were of mixed cyto-
morphology. 1 liver metastasis could not be
evaluated (1.9%). Of the 22 liver metastases,
68.2% were of spindle-cell morphology (15/22),
22.7% were of epitheloid morphology (5/22),
and mixed morphology was described in 4.5%
of the cases (1/22). Of the 29 peritoneal metas-
tases 44.8% (13/29) showed spindle-cell mor-

Int J Clin Exp Pathol 2014;7(7):3563-3579
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Metastatic GIST had a
slightly higher proliferation
index of 16.1% + 8.2 (n. s.).
Interestingly, GIST located
in the peritoneum had a
significantly higher prolifer-
ation index (18.3% * 7.3)
compared to liver (12.9% +
8.2; P < 0.05).

Immunohistochemical
characterization of im-
mune cells

cD56
As described earlier [19],

immune cells were scat-
tered between the tumor
cells and along tumor cell
bundles. However, focal
accumulation of lympho-
cytes was also observed.

Ki-M1P+ as the most com-
mon immune cells in GIST
showed a varying appear-
ance as rather delicate
cells with tender spikes
and projections or as more
prominent cells with den-

* %
| —

]

KIM-1P cD&8 CcD3

Figure 2. A: Histogram of the percentage of the different immune cells. Com-
parison of liver and peritoneal GIST metastases (*P < 0.01). B: Histogram of
the percentage of the different immune cells. Comparison of primary and meta-

static GIST (*P < 0.01; **P < 0.05).

phology and 10.3% (3/29) showed epithelioid
morphology. Mixed morphology was observed
in the remaining 44.8 % cases.

Association of tumor size and proliferation
index

Primary GIST smaller than 5 cm in diameter
had a significantly lower proliferation index
than GIST larger than 10 cm (6.8% + 8.3 versus
12.9% + 10.8, respectively; P < 0.05). GIST of
the stomach had a proliferation index of 6.1% +
7, GIST of the small intestine of 8.3% + 8.7 and
colonic GIST of 11.7% + 11.3. In our collective,
very low and low risk GIST had a proliferation
index of 3.1% + 1.5-2.0, intermediate risk GIST
had a significantly higher proliferation index of
4.9% £ 3.9 (P < 0.01) and high risk GIST had a
proliferation index of 14.2% + 10.6 (P < 0.01).
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CD20

drites, partly interdigitat-
ing. In regressive tumor
areas, they showed round
morphology, similar to acti-
vated (lysosomal rich) mac-
rophages (Figure 1). The
percentage of Ki-M1P+
cells was comparable not only at the different
primary tumor sites (stomach 28.7% (+ 11.4),
small intestine 28.6% (+ 11.8), colon 30.4% (+
12)) with a mean of 28.8% (+ 7.1) but also in
the metastases (26.7% + y.6.3). Nevertheless,
Ki-M1P+ cells were significantly more common
in peritoneal metastases with 31.8% (+ 7.4)
than in the liver metastases with 18.2% (+ 3.7)
(P < 0.01) (Figure 2A).

CD56

CD68+ cells varied from round cells to cells
with dendritic-cell (DC)-like appearance. CD68+
macrophages were significantly fewer than
Ki-M1P+ immunohistiocytes (P < 0.01), and
there was no significant difference between pri-
mary GIST (3.6% + 2.1) and metastases (4.6%
+ 1.5), neither for peritoneal nor liver metasta-
sis (4.7 £ 2.1% vs. 4.5 + 0.2%, respectively)
(Figures 2 and 3).

Int J Clin Exp Pathol 2014;7(7):3563-3579
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Figure 3. Representative, consecutive paraffin sections depicting the distribution of the different immune cells in a
primary GIST (A), a liver metastasis (B) and a peritoneal metastasis (C). The horizontal photographs show staining
with anti-Ki-M1P (1), CD68 (2), CD3 (3), CD56 (4) and CD20 (5). Counterstaining was done with hemalaun. Scale
bar 100 ym, original magnification x200.

CD3+ cells were the most abundant lympho- with 1.3% + 2.1 significantly lower than in the
cytes in the primary tumors (Figures 2B and 3). small intestine with 3.7% + 5.4 (P < 0.01) or in
The number of CD3+ cells in the stomach was the colon with 3.5% (+x 6.5), (P < 0.05).
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Figure 4. Relative mRNA-expression for the different
chemokines. Data are shown as box-and-whisker
plot on a logarithmic scale. The vertical axis depicts
the expression of the target gene relative to B-actin
(x103). The median expression is marked with a hori-
zontal line.

Interestingly, the metastases showed signifi-
cantly more CD3+ cells than the primary GIST
(7.3% * 2.3 versus 2.2% + 1.8, respectively, P
< 0.01) (Figure 2B). This can be attributed to a
significantly higher number of CD3+ cells within
the liver compared to peritoneal metastasis
(11.7% + 1.8 vs. 4% + 2.6, P < 0.01) (Figures
2A and 3).

As for the other T-cells studied, CD56+ NK-cells
were more common in the metastases 2.4% +
0.7, compared to the primaries 1.1% + 0.9 (P <
0.05) (Figure 2B). Similar to the other T-cell
markers, this increase was due to the increased
number of CD56+ cells in liver metastases with
4.4% + 0.2 in comparison to 1.1% + 0.9 in the
peritoneal metastases. No significant differ-
ences for CD56+ cells were found within pri-
mary GIST.

The number of CD20+ B-lymphocytes was gen-
erally low with 0.6% + 0.7 in the primary and
1.8% + 0.3 (P < 0.05) in the metastases (Figure
2B). The percentage of CD20+ cells in the
stomach was 0.7% + 2.0, and in the small intes-
tine 0.6% + 1.0. The slight increase in CD20+
cells in the metastases might again be attrib-
uted to the increased number of CD20+ B-cells
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within the liver in comparison to peritoneal
metastases (3.8% = 0.1 versus 0.4% + 0.2,
respectively). Because of the small numbers,
no significance was reached.

Association of immune cells with tumor histo-
morphology

A strong association for the percentage of
Ki-M1P+ cells with tumor morphology was
found. Ki-M1P+ cells were significantly more
common in epithelioid (32.1% + 13.0) and
mixed (31.7% + 11.1), than in spindle-cellular
GIST (25.8% = 10.8; P < 0.01). Similar to
Ki-M1P, CD68+ cells were increased in epithe-
lioid (5.9% + 6.7) and mixed (4.4% + 4.2) com-
pared to spindle-cellular GIST (3.0% + 4.1, P <
0.05). For CD3+ and CD56+ cells, no such
association was found.

Associations of immune cells with tumor size
and proliferation index

GIST smaller than 5 cm (P < 0.05) showed a
significantly lower number in Ki-M1P+ cells
than that of GIST larger than 10 cm (27.1% *
10.5 versus 31.85 + 9.1). Neither for CD68, nor
CD3 or CD56, a significant difference with
increasing tumor size, was found.

Additionally, GIST with a proliferation index >
10% had significantly more Ki-M1P+ cells com-
pared to GIST with a proliferation index < 10%
(31.2 £ 11.1 vs. 27.5 + 11.9; P < 0.05). For
CD68, no significance was observed when the
proliferation indices were correlated.

As for CD3+ cells, their percentage increased
significantly with a proliferation index > 10%
compared to GIST with a proliferation index <
10% (5.8% + 7.6 vs. 2.3% + 4.9, respectively; P
< 0.01). No differences were found for CD56
cells in view of the proliferation index.

The mean percentage of CD20+ cells increased
with an elevated proliferation rate > 10% (1.7%
+ 5.6 versus 0.6% + 1.3, P < 0.05).

Association of immune cells and risk of recur-
rence (according to Fletcher et al. [8])

Regardless of the location of the primary GIST,
our results showed no association for Ki-M1P+
cells and risk of recurrence. For CD3+ T-cells,
we found a significant increase in metastatic
GIST (8.1% + 9.4) compared to very low risk

Int J Clin Exp Pathol 2014;7(7):3563-3579
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Figure 5. Immunofluorescent staining of kryosections of representative GIST. The photographs show immunostain-
ing with anti-CCL2 (green) (1), and its receptor CCR2 (red) (2). (A) peritoneal metastasis; the inlay (A1) shows a
liver metastasis (as double staining); the inlay (A2) shows a 4x magnification of the indicated area. (B) colon GIST.
CCL2 shows positivity in vessels and tumor cells. Note that CCR2 can be visualized within the nuclei of the tumor
cells (A2), but also tumor-infiltrating immune cells (B2). The staining pattern for both, chemokine and receptor, was
independent of the tumor location. Cell nuclear counterstaining was done with 4’,-6-diamidino-2-phenylindole, visu-

alized in blue. Scale bar 100 ym, original magnification x200.

(1.1% + 1.8), low risk (1.5% + 2.5), intermediate
(1.9% + 3.4) and high risk (3.7% + 5.8) GIST (P
< 0.05). A similar correlation was obtained for
the percentage of CD56+ cells in very low (1.3%
+ 1.9) and low risk (0.6% + 0.8) but not in high
risk GIST compared to metastatic (2.8% + 6.5)
GIST (P < 0.05). The other immune cells did not
increase significantly with the GIST classifica-
tion of risk for recurrence.

RNA expression of chemokines

The transcript expression of CCL2 (MCP-1), a
known chemoattractant for monocyte recruit-
ment, was highest, with a mean cycle threshold
value (CT) of 26.1 + 1.3 (Figure 4). The second
highest expression was found for CCL3 (MIP-
1a), with a mean CT value of 26.8 + 1.6. The
third highest expression was found for CXCL1
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(Gro-a) with a mean CT value of 27.3 + 1.8. IL-8
transcript expression showed a CT-value of
28.4 + 2.1. CCL2 transcript levels were signifi-
cantly higher than for CCL4 (28.9 + 1.7) and
CCL20 (MIP3¢, 30.3 + 1.6) (P < 0.01). CCL4
transcript expression was followed by that of
CXCL3 (Gro-y), CXCL2 (Gro-B) and CCL19 (MIP-
3B). No significant differences in the expres-
sion of these chemokines in terms of tumor
location or size were found.

Immunofluorescent staining of CCL2 (MCP-1)
and CXCL1 (Gro-&) and their receptors CCR2
and CXCR2

CCL2 showed expression within the tumor
cells, and in part by tumor vessels. Its receptor
CCR2 was expressed in some tumor-infiltrating
immune cells, but could mostly be visualized
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Figure 6. Immunofluorescent staining of kryosections of representative GISTs. (A) small intestinal GIST. (B) perito-
neal metastasis. The horizontal photographs show immunostaining with anti-CXCL1 (green) (1), and its receptor
CXCR2 (red) (2). For comparison anti-cKIT staining is depicted in (3). Anti-CXCL1 showed positivity in tumor cells and
tumor vasculature. Its receptor, CXCR2 showed positivity in interstitial immune cells. Cell nuclear counterstaining
was done with 4’,-6-diamidino-2-phenylindole, visualized in blue. Scale bar 100 um, original magnification x200.

within the nucleus (Figure 5). CXCL1 was
expressed by tumor cells, but was also positive
in the tumor vasculature. Its receptor, CXCR2
showed positivity in interstitial, supposedly
immune cells (Figure 6).

Discussion

Activating mutations in tyrosine kinase recep-
tor genes are important for proliferation, cell
cycle progression, and survival [57]. It thus
remains unclear why micro-GIST, i.e. very small
(0.2-10 mm) asymptomatic GIST, which contain
receptor tyrosine kinase mutations, should not
generally progress to malignancy [11, 58]. It
has thus been hypothesized that they need
additional stimuli to evolve into clinical GIST
[11]. A tumor microenvironment seems essen-
tial for tumor progression. It is known that
tumors are able to influence and maintain their
own microenvironment, which includes immune
cells, stromal cells and microvessels [59, 60].
Tumor-derived chemotactic factors drive the
transmigration and immigration of host cells
into the tumor. Secreted chemokines from vari-
ous tumor cell lines have the ability to induce
directional migration of i.e. monocytes [61, 62].
CCL2 is a major chemokine for this population
[63]. And it has been shown, that monocytes
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can differentiate into tumor-associated mac-
rophages (TAMs) and immature DCs [64].

The microenvironment of a metastasis might
depend on its location and the surrounding tis-
sue [65]. As for GIST, it has been shown that
peritoneal metastasis is probably a conse-
quence of primary tumor rupture or microscop-
ic serosa penetration [66], whilst liver metasta-
sis results from hematogenic spread. Interes-
tingly, lymphatic spread can be neglected [67,
68].

In order to evaluate the differential immune cell
infiltrate in primary GIST compared to liver and
peritoneal metastases, we used a historical
collective of 188 primary and 51 metastasized
GIST without prior tyrosine-kinase inhibitor
treatment, and quantitatively evaluated cells of
the macrophage lineage (Ki-M1P, CD68) and
cells of lymphoplasmacellular origin (CD3,
CD20, CD56).

In primary as in all metastatic GIST, Ki-M1P+
cells were the predominant immune cells
(28.8% = 7.1, vs. 26.7% + 6.3, respectively),
pointing to their important role within the tumor
microenvironment. They were significantly more
common in epithelioid and mixed than in spin-
dle-cellular GIST. Larger GIST (> 10 cm) and
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GIST with a proliferation index > 10% had sig-
nificantly more Ki-M1P+ cells. Their number
was however not associated with risk of recur-
rence (after resection of the primary).

It is known, that tumor-associated macro-
phages secrete growth factors, promote angio-
genesis and suppress antitumor functions of
immune effector cells [30]. When comparing
liver to peritoneal metastases, Ki-M1P+ cells
were significantly more abundant in peritoneal
metastases (P < 0.01). This might be due to the
lack of structural tissue, surrounding peritoneal
GIST metastases. The absence of cohesive tis-
sue embedding a peritoneal metastasis might
make stromal cells more relevant. The abun-
dant number of Ki-M1P+ cells might even
explain the higher proliferation rate of perito-
neal metastases, when compared to liver
metastases (P < 0.05). As GIST grow outwards
without infiltration of the surrounding tissue,
other mechanisms at the tumor front - than for
instance in adenocarcinomas [69, 70] - might
govern the tumor-host-relationship at its mar-
gins. Generation of regulatory T-cells upon
encounter with M2 macrophages has been
suggested as mechanism for local immune
suppression [21, 71]. Accordingly, in GIST, anal-
ysis of the macrophage population showed a
predominance of the M2-phenotype [21]. Also
in our study, Ki-M1P+ mononuclear phagocytes
were significantly more common than CD68+,
generally lysosomal rich macrophages. It is
known that tyrosine-kinase inhibitor treatment
might influence the number and type of immune
cells [18, 72, 73]. Imatinib has been shown to
induce growth inhibition of monocytes/macro-
phages in vitro. This effect was attributed to
down-regulation of the expression of macro-
phage colony-stimulating factor-1 receptor
(CSF-1 or macrophage-CSF or c-fms) [74, 75].

Our current results in primary untreated GIST
confirm our earlier findings that most lympho-
cytes were T-lymphocytes, as against a small
number of CD20+ B-cells and CD56+ NK-cells
[19]. Van Dongen et al. [21] showed that the
balance of cytotoxic T-cells and Fox-P3 T-cells
favored local immune suppression. Accordingly,
we have already shown that gene expression of
inflammatory cytokines in primary GIST is low,
with TNF-a transcript expression being negligi-
ble [19]. Interestingly, compared to primary
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GIST, GIST metastases showed significantly
more T-cells. This could mainly be attributed to
the number of T-cells within the liver metasta-
ses compared to peritoneal metastases, which
points to a different microenvironment at the
different metastatic sites. As for tyrosine-
kinase inhibitor treatment, it has been suggest-
ed that imatinib induces T-cell activation and
apoptosis in GIST [18]. Even though such an
alternate pathway of imatinib activity has not
found its way into clinical treatment decisions,
the idea of T-cell activation, as in melanoma
[14], is intriguing. It is supported by anti-KIT
designer T-cells which are able to produce IFNy
and lyse GIST cells in cell culture [33]. In a sub-
cutaneous xenograft model, GIST cell growth
could be inhibited by designer T-cells with IL-2
support [33]. It has further been shown that
combination of imatinib with IL-2 activates NK
cells, leading to tumor regression in animal
models [73]. Rusakiewicz et al. [22] could show
that after imatinib treatment, CD56+ NK cells
accumulated in tumor foci.

A possible ‘symbiotic relationship’ between the
GIST and its local immune cell infiltrate is fur-
ther supported by our analysis of the chemo-
kine profile within the tumor. The highest che-
mokine transcript expression in primary GIST
was found for the CC-chemokine CCL2 (MCP1).
CCL2 is associated with monocyte recruitment,
transmigration and differentiation [40, 42, 76].
Within the tumor microenvironment, it might
thus limit immunosurveillance and aid tumor
growth [41, 77-79]. As for its location, our
immunofluorescent analysis showed that CCL2
was expressed by tumor cells. CCL2 positivity
was further found in endothelial cells within the
tumor. Its receptor CCR2, showed staining of
some tumor-infiltrating immune cells, but could
especially be visualized within the tumor nuclei.
It has been proposed that CCR2 expression in
the nucleus might directly initiate or regulate
transcriptional events [80]. In contrast to cell
surface G-protein coupled receptors which
mediate immediate effects, their nuclear loca-
tion has been associated with initiation or regu-
lation of transcriptional events and control of
long-term responses [80, 81]. These might be
important for tumor survival and progression
[82-84]. In addition to the expression of CCL2,
we found a high expression of CCL3 (MIP-1«) at
transcript level. It has been suggested that
expression of CCL3, not only by macrophages
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Figure 7. Schematic of the expression of cytokines and chemokines from tumors and their microenvironment, i.e.
immune cells, fibroblasts and endothelial cells [12, 40-45, 76, 85, 88]. Arrows are depicted in color to highlight the

expression of the various cytokines.

and fibroblasts but also by tumor tissue, points
to an interaction between cancer cells and host
immune cells [85], as suggested for CCL2 [79].
Even more than the aforementioned immune-
cell attractant CC-chemokines, the growth-reg-
ulated oncogenes CXCL1-3 have been associ-
ated with tumor proliferation and metastatic
potential [44, 45], as was II-1[3 [86]). This effect
is partly due to pro-angiogenic functions [12,
44, 45, 87]. Immunofluorescence visualization
of CXCL1 confirmed its expression by tumor
cells, but also showed positivity in the tumor
vasculature. IL-8 transcript expression in our
GIST cohort was for instance comparable to
that of II-1B described in our previous study
[19]. Similar to other tumors, GIST might thus
be able to control and maintain their own micro-
environment (Figure 7). Accordingly, we could
show previously that an inflammatory response
against the tumor seems to be missing with
negligible or low expression of the classic acute
phase cytokines TNF-a and IL6 and low expres-
sion of interferons [19].
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In conclusion, the different percentage of
immune cells in primary GIST as well as perito-
neal and liver metastases, points to a locally
specific microenvironment which might influ-
ence neoplastic progression at the different
sites. Ki-M1P+ cells seem to represent a spe-
cial type of tumor-associated macrophages,
with diverging expression within liver and peri-
toneal metastases. Further studies in view of
chemokine expression of the primary and its
metastases under treatment conditions would
be helpful to understand tumor elimination by
the therapy, equilibrium or tumor-escape to the
local immune cell infiltrate.
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