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ORIGINAL ARTICLE

STAT3, tumor microenvironment, and microvessel density in diffuse
large B cell lymphomas

Roberto Tammaa, Giuseppe Ingravallob, Francesco Gaudioc, Tiziana Annesea, Francesco Albanoc ,
Simona Ruggieria, Michele Dicataldob , Eugenio Maioranob, Giorgina Specchiac and Domenico Ribattia

aDepartment of Basic Medical Sciences, Neurosciences, and Sensory Organs, University of Bari Medical School, Bari, Italy;
bDepartment of Emergency and Transplantation, Pathology Section, University of Bari Medical School, Bari, Italy; cDepartment of
Emergency and Transplantation, Hematology Section, University of Bari Medical School, Italy

ABSTRACT
Constitutively activated STAT3 is correlated with more advanced clinical stage and overall poor
survival of diffuse large B-cell lymphoma (DLBCL). The aim of this study was to evaluate STAT3
and Ki67 tumor cell expression, inflammatory cell infiltration, microvascular density in DLBCL
bioptic specimens. RNA-scope showed that activated B cell (ABC) tissue samples contained a sig-
nificant higher number of STAT3þ cells as compared to germinal center B (GCB) tissue samples.
Immunohistochemical analysis showed a significant increased levels of CD3, CD8, CD68, CD163,
CD34, and Ki67 positive cells in ABC patients. A positive correlation between STAT3 and CD3,
CD8, CD68, and CD163 was evidenced in ABC group. In ABC group, we found also a positive
correlation between CD8 and CD34 and a positive correlation between Ki67 and, CD68, and
CD163. These data indicate that in ABC—as compared to GCB-DLBCL, a higher STAT3
expression is associated with a higher CD163+ TAM and CD8þ cell infiltration which induces
a strong angiogenic response.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is one of the
most frequent types of lymphoid neoplasia and
accounts for 30–40% of cases of non-Hodgkin’s lym-
phomas (NHL) [1]. DLBCLs is highly heterogeneous at
both clinical and biological levels arising from germi-
nal center B-cells at different stages of differentiation,
in which recurrent genetic alterations contribute to
the molecular pathogenesis of the disease [2,3].

The definition of aggressive lymphoma reflects a clin-
ical concept associated with different histological sub-
types, characterized by a rapid clinical course and
a brief survival in cases not adequately treated or not
responsive to treatment [4]. The incidence of aggressive
forms is partly associated to its increase in patients with
AIDS or subjected to immunosuppressive therapy after
organ or bone marrow transplantation [5].

Gene expression profiling technique allowed to
identify at least two molecular subtypes of DLBCL
with different prognoses [6]. The first one is the
lymphoma derived from the germinal center B (GCB)
and the second one is the lymphoma derived from

the activated B cell (ABC). Specific markers, including
CD10, LMO2, and BCL6, are expressed in GCB patients,
which respond better to conventional chemotherapy,
whereas ABC patients express lower levels of BCL6
and are refractory to chemotherapy [6,7].

Improvement in the knowledge of the hemato-
logical malignancies pathogenesis derives from the
study of the inflammatory cells in the tumor micro-
environment [8] and of the genetic and epigenetic
changes in malignant cells strictly related to the gen-
eration of an inflammatory microenvironment that fur-
ther supports tumor progression [9].

Experimental evidences suggest a crucial role for sig-
nal transducer and activator of transcription-3 (STAT3)
in selectively induce and maintain a pro-carcinogenic
inflammatory microenvironment [10–12].

Constitutively activated STAT3 is correlated with
more advanced clinical stage and overall poor survival
of DLBCL and its activation represents an oncogenic
pathway in ABC-DLBCL providing an additional thera-
peutic target [13–15]. Moreover, in ABC-DLBCL the
activation of Janus kinases (JAKs)/STAT3 pathway cor-
relates with autocrine production of interleukins 6 and
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10 (IL-6 and IL-10), which promotes cancer progression
[12,16].

We have previously demonstrated a greater expres-
sion of STAT3 in ABC-DLBCL patients as compared to
the GCB ones and its implication in tumor vessel con-
stitution [15], and significant increase in the expres-
sion of CD68þ tumor-associated macrophages (TAMs)
as well as a significant increase in microvascular dens-
ity in a group of chemo-resistant DLBCL patients as
compared to a group of chemo-sensitive ones [17].

In this study, we have correlated the expression of
STAT3 by RNA-scope assay in ABC and GCB groups
with the tumor cells Ki67 proliferation index and the
characteristics of the tumor inflammatory microenvir-
onment by the evaluation of CD68þ and CD163þ
macrophages, CD3þ and CD8þ lymphocytes, and
CD34þ vessels by immunohistochemistry and mor-
phometric estimation.

Materials and methods

Patients

This retrospective study reviewed data from 60
patients diagnosed with DLBCL collected from the
archive of the Section of Pathology of Department of
Emergency and Transplantation, University of Bari
Medical School, Bari, Italy, between 2009 and 2017. All
procedures were in accordance with the ethical stand-
ards of the responsible committee on human experi-
mentation (institutional and national) and with the
Helsinki Declaration of 1964 and later versions, and
signed informed consent from individual patients
were obtained to conduct the study. All patients had
pathologically confirmed DLBCL. Tumors were divided
into two histological subgroups: one that includes 30
ABC patients and another that includes 30
GCB patients.

STAT3 RNAscope assay

RNAscope assay was performed on FFPE biopsies
using RNAscope 2.5 HD Reagent Kit [RED 322360,
Advanced Cell Diagnostics (ACD), Hayward, CA].
Briefly, tissue sections were deparaffinized with xylene
and 100% ethanol and incubated with pretreat-1 solu-
tion for 10min, pretreat-2 for 15min, and pretreat-3
for 30min (Pretreatment kit 322330, ACD). The slides
were then hybridized with a probe Hs-STAT3 (ref.
425631), positive control probe—Hs-PPIB (ref. 313901),
negative control probe—DapB (ref. 310043) in the
HybEZ oven (ACD) at 40 �C for 2 h. The Hs-PPIB probe
for human housekeeping gene PPIB was used as a

control to ensure RNA quality. After hybridizations,
slides were subjected to signal amplification using HD
2.5 detection Kit, and hybridization signal was
detected using a mixture of Fast-RED solutions A and
B (1:60). After counterstaining with Gill’s hematoxylin,
slides were dried in a 60 �C dry oven for 15min and
mounted with Glycergel Mounting Medium (Dako,
C0563). Sections from each experimental group were
scanned using the whole-slide morphometric analysis
scanning platform Aperio Scanscope CS (Leica
Biosystems, Nussloch, Germany). All the slides were
scanned at the maximum available magnification
(40�) and stored as digital high-resolution images on
the workstation associated with the instrument. Based
on the PPIB evaluation, all the cases were included in
the analysis. Digital slides were inspected with Aperio
ImageScope v.11 software (Leica Biosystems, Nussloch,
Germany) at 20� magnification and 10 fields with an
equal area were selected for the analysis at 40� mag-
nification. The mRNA expression was assessed by
Aperio RNA ISH algorithm that provides standardized
quantitation of RNA ISH staining in whole slide images
of FFPE tissue. This algorithm automatically quantifies
the staining across whole slides, counts individual
molecular signals and clusters in the
cells. The obtained results are divided in three ranges:
1þ that includes cells containing 2–5 dots for
cell; 2þ that include cells containing 6–20 dots for
cell; 3þ that include cells containing more than 20
dots for cell. The statistical significance of differences
between the mean values of the percent labeled areas
between ABC and GCB tumor specimens were deter-
mined by the two-way ANOVA test in GraphPad Prism
5.0 software (GraphPad Software, La Jolla, CA).
Findings were considered significant at p values<.05.

CD3, CD8, CD68, CD163, CD34, and Ki67
immunohistochemistry

Histological sections of 4 mm thickness, collected on
poly-L-lysine-coated slides (Sigma Chemical, St Louis,
MO), were deparaffinized. The sections were rehy-
drated in a xylene-graded alcohol scale and then
rinsed for 10min in 0.1M PBS. Sections were pre-
treated with sodium citrate pH 6.1 solution (DAKO,
Glostrup, Denmark) for antigen retrieval for 30min at
98 �C and then incubated with mouse monoclonal
anti-CD3 (DAKO, Glostrup, Denmark), mouse monoclo-
nal anti-CD8 (DAKO, Glostrup, Denmark), mouse
monoclonal anti-CD68 (DAKO, Glostrup, Denmark),
mouse monoclonal anti-CD163 (DAKO, Glostrup,
Denmark), mouse monoclonal anti-CD34 (DAKO,
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Glostrup, Denmark) and mouse monoclonal anti-ki67
(DAKO, Glostrup, Denmark) diluted 1:100, 1:50, 1:100,
1:100, 1:100, and 1:25, respectively. Thereafter, the sec-
tions were counterstained with Mayer hematoxylin
and mounted in synthetic medium. Specific preim-
mune serum (Dako), replacing the primary antibodies,
served as negative control. Sections from each experi-
mental group (n.10), 30 cases per group, were
scanned using the whole-slide morphometric analysis
scanning platform Aperio Scanscope CS (Leica
Biosystems, Nussloch, Germany). All the slides were
scanned at the maximum available magnification
(40�) and stored as digital high-resolution images on
the workstation associated with the instrument. Digital
slides were inspected with Aperio ImageScope v.11
software (Leica Biosystems, Nussloch, Germany) at
20� magnification and 10 fields with an equal area
were selected for the analysis at 40� magnification.
The protein expression was assessed with the Positive
Pixel Count algorithm embedded in the Aperio
ImageScope software and reported as positivity per-
centage, defined as the number of positively stained
pixels on the total pixels in the image. The statistical
significance of differences between the mean values
of the percent labeled areas between tumor breast
specimens and control tissues was determined by the
two-way Anova test in GraphPad Prism 5.0 software
(GraphPad software, La Jolla, CA). Findings were con-
sidered significant at p < .05.

Statistical analysis

Data related to the two experimental groups: ABC-
and GCB-DLBCL patients, are reported as means ± SEM.
Newman–Keuls multiple comparisons post-test was
used to compare all treatment groups after one-way
ANOVA. The Graph Pad Prism 5.0 statistical package
(GraphPad Software, San Diego, CA) was used for anal-
yses and the limit for statistical significance was set at
p< .05. Correlation analysis was performed with the
Spearman non parametric correlation test. The Graph
Pad Prism 5.0 statistical package (GraphPad Software,
San Diego, CA) was used for analyses and the limit for
statistical significance was set at p< .05.

Results

RNAscope-STAT3 expression

RNAscope assay was performed in order to evaluate the
expression of STAT3 mRNA in tumor cells in both ABC
and GCB groups of DLBCL tissue samples (Figure 1).
Three groups of data have been considered according

to the number of STAT3 positive signals (red dots)
(Figure 1(A)) contained in each cell. Group 1 included
the percentage of cells containing from 2 to 5 dots,
group 2 included the percentage of cells containing
from 6 to 20 dots, and group three included the per-
centage of cells containing more than 20 dots. ABC tis-
sue samples contained a significant higher number of
positive cells in both group 2 and 3, as compared to
GCB tissue samples. It was not evidenced significant dif-
ferences between cells belonging to the group 1 in ABC
and GCB experimental groups. Figure 1(B) shows mor-
phometric analysis of the STAT3 expression in ABC/
Group 1 (29.6%± SE 4.9%), ABC/Group 2 (45.7%± SE
3.9%), and ABC/Group 3 (13.7%± SE 4.3%), as compared
to GCB/group 1 (34.6%±SE 4.7%), GCB/Group 2
(30.9%± SE 4.7%), and GBC/Group 3 (2.6%±SE 0.7%).

CD3, CD8, CD68, CD163, CD34, and Ki67
immunohistochemistry

ABC and GCB DLBCL specimens were immunostained
for CD3, CD8, CD68, CD163, CD34, and Ki67 in order

Figure 1. (A) RNAscope-STAT3 mRNA expression in histo-
logical samples of ABC- and GCB-DLBCL groups. Arrows indi-
cate the dots in the higher magnification insert. Scale bar:
60lm. (B) Quantitation of RNA ISH staining of STAT3 mRNA
positivity in ABC- and GCB-DLBCL samples. The per cent of
STAT3 mRNA expressing cells significantly increases in the ABC
groups 2 and 3 tumor samples compared to GCB.
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to estimate CD3þ lymphocytes (Figure 2(A)), CD8þ

lymphocytes (Figure 2(B)), CD68þ macrophages
(Figure 2(C)), CD163þ macrophages (Figure 2(D)),
CD34þ microvessels (Figure 3(A)), and Ki67þ cells
(Figure 3(B)). Morphometric analysis (Figures 2 and 3)
shows the significant increased levels of CD3, CD8,
CD68, CD163, CD34, and Ki67 cells in ABC group (CD3:
16.3%± SE 2.8%; CD8: 15.9%±SE 3.3%; CD68: 17%± SE
1.15%; CD163: 8.73%±SE 1.5%; CD34: 4%± SE 0.6%; Ki
16%± SE 1.5%) as compared to the GCB group (CD3:
7.6%±SE 1.65%; CD8: 4.3%±SE 0,86%; CD68: 4.8%±SE
1.4%; CD163: 4,6%± SE 0.7%; CD34: 1.6%±SE 0.13%;
Ki67 11%± SE 0.7%).

A correlation study on the relationship between
STAT3 expression and the other evaluated markers
was also performed in both ABC and GCB group
(Figure 4(A)). A positive correlation between STAT3
and CD3 (rho ¼ 0.6, p¼ .04), CD8 (rho ¼ 0.8, p¼ .002),
CD68 (rho ¼ 0.7, p¼ .01), CD163 (rho ¼ 0.8, p¼ .001)
in ABC DLBCL samples was found as assessed by
Spearman correlation analysis. In DLBCL ABC group
we found a positive correlation between CD8 and
CD34 (rho ¼ 0.7, p¼ .0005) (Figure 4(B)). Moreover, we
also found a positive correlation between Ki67 and,
CD68 (rho ¼ 0.8, p¼ .001), CD163 (rho ¼ 0.6, p¼ .002)
in ABC DLBCL samples (Figure 4(C)).

Discussion

STAT3 factor is activated by numerous cytokines,
growth factors, and oncogenes, and is constitutively
active in hematological as well as solid tumors
[12,18–22]. STAT3 and the genes that it regulates are
involved in promoting tumor cell proliferation, survival
[23], angiogenesis, and metastasis [11,24–26], and
interfere with apoptosis and anti-tumor immune
responses [27,28]. STAT3 is also studied as a target for
anti-cancer therapy [29–31].

Constitutive phosphorylation and activation of
STATs have been found in acute myeloid leukemia,
acute promyelocytic leukemia, acute lymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL),
and chronic myelogenous leukemia (CML) [32–34]. In
leukemia patients and in particular in large granular
lymphocytic leukemia, mutations in the SH2 domain
of STAT3 have been observed indicating its relation in
the pathogenesis of these diseases [35,36].

Multiple myeloma (MM) has been reported the
involvement of some major signaling pathways includ-
ing the JAK-STAT3, PI3K/Akt/mTOR, and NF-jB [37,38].
It is believed that STAT3 might be constitutively active
or activated by the interleukin-6(IL-6)-JAK-STAT3 axis [39].
STAT3 activation is associated with poor prognosis and

Figure 2. Immunohistochemical staining of CD3 (A), CD8 (B), CD68 (C), CD163 (D) in ABC- and GCB-DLBCL samples. Scale bar: A-D
60mm. Morphometric analysis expressed in per cent of CD3 (A), CD8 (B), CD68 (C), CD163 (D) in ABC- and GCB-DLBCL samples.
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survival in MM patients. Inhibition of STAT3 signaling
inhibits tumor growth, re-sensitizes to therapy, and indu-
ces apoptosis [40–42].

In several Hodgkin lymphoma cell lines, as well as
primary Hodgkin’s Reed–Sternberg cells constitutive
phosphorylation of STAT1 and STAT3 it is thought to
lead to inappropriate expression of downstream genes
including Bcl-2 and Bcl-xL that have been involved in
cell survival and apoptosis regulation [43,44]. JNK and
JAK/STAT pathways could stimulate cell proliferation
and xenograft growth in various NHL cell lines. This
effect is due to the formation of a transcriptional
between p-STAT3/p-c-Jun/ISL-1 (Insulin Enhancer
Binding Protein 1) [45]. Targeted oligonucleotides
against STAT3 in nude mice exert a therapeutic effect
against human DLBCL xenotransplants by a direct
cytotoxic/cytostatic effect [46]. In primary cutaneous
T-cell lymphomas (CTCL) and anaplastic large T-cell
lymphoma (ALCL), it has been demonstrated an aber-
rant expression of both STAT3 and STAT5, and the
inhibition of these two proteins inhibits tumor
growth [47].

An elevated expression of STAT3 is associated with
poor prognosis in DLBCL [12,14]. We have previously
demonstrated that STAT3 expression, estimated by
using RNA-scope assay, a new and highly sensitive
method for oligonucleotide detection, is higher in
ABC-DLBCL as compared with GBC-DLBCL [15].

The results of this study have confirmed a higher
expression of STAT3 in ABC group. Moreover, we have
also demonstrated a higher Ki67 expression in tumor
cells and a higher number of CD163þ macrophages in
ABC patients as compared with GBC ones.

In tumors, inflammation precede development of
malignancy, and tumor-infiltrated inflammatory cells
act in concert with tumor cells, stromal cells and
endothelial cells to create a microenvironment that is
critical for the survival, development and dissemin-
ation of the neoplastic mass [48,49]. These interactions
within the tumor microenvironment may represent
important mechanisms for tumor development and
metastasis by providing an efficient vascular supply
and an easy escape pathway.

Figure 4. Regression graph between: (A) STAT3 and CD3,
CD8, CD68, CD163; (B) CD8 and CD34; (C) Ki67 and CD68,
CD163; in ABC- and GCB-DLBCL samples.

Figure 3. Immunohistochemical staining of CD34 (A) and Ki67
(B) in ABC- and GCB-DLBCL samples. Scale bar: A–D 60mm.
Morphometric analysis expressed in per cent of CD34 (A) and
Ki67 (B) in ABC- and GCB-DLBCL samples.
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Among inflammatory cells that have been identified
as modifiers of tumor microenvironment, mast cells,
macrophages, and lymphocytes play a crucial role.
Cells infiltrating the tumor microenvironment and
all their secreted factors including cytokines, growth
factors, and chemokines influence positively or nega-
tively the tumorigenic process through the balance of
pro- and anti-inflammatory factors, their relative con-
centrations, their receptor expression content, and the
activation state of surrounding cells [49].

TAMs are divided in two major subsets: the M1
involved in antitumor immunity and anti-angiogenesis
and the M2 ones which have the opposing roles of
enhancing immunosuppression and angiogenesis [50].
Experimental evidences suggest that TAMs, are likely
involved in tumor progression via STAT3 activation
[51–56]. The M2 phenotype is involved in tumor initi-
ation and progression [57]. Moreover, it has been sug-
gested a possible correlation between a high M2
number and an unfavorable prognosis in patients with
DLBCL [56,58].

In this study, we have also demonstrated a signifi-
cant higher number of CD3þ and CD8þ cells ABC
group as compared with GBC one. Moreover, CD8þ
cell number correlates with STAT3 expression and
microvascular density in ABC patients. In DLBCL tumor
microenvironment a low T-cell infiltration seems to
correlate with poor survival, even if the prognostic
value of CD4/CD8 ratio has been associated with both
better and worse survival in different studies [59,60].
We found no variation in CD4þ cells in ABC respect to
GCB (data not shown) but a higher CD8þ cell infiltrate
in ABC group associated with a decreased CD4/CD8
ratio. The correlation between CD8þ lymphocytes and
CD34þ microvessels in ABC patients observed in this
study indicates that CD8þ lymphocytes promote
angiogenesis in DLBCL.

Overall, these data indicate that in ABC-DLBCL as
compared with GCB-DLBCL, a higher STAT3 expression
is associated with a higher M2 TAM and CD8þ cell
infiltration the tumor microenvironment which, in
turn, induces a strong angiogenic response in
ABC group.
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