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Role of tumor-associated macrophages in the angiogenesis
of well-differentiated hepatocellular carcinoma:
Pathological-radiological correlation
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Abstract. The role of tumor-associated macrophages (TAMs)
in hepatocellular carcinoma (HCC) has not been fully inves-
tigated. The aim of the present study was to clarify whether
TAMs are associated with the angiogenesis of HCC during
its multistep development, especially at an early stage.
Forty-three well-differentiated HCCs and 30 well- to moder-
ately differentiated HCCs (nodule-in-nodule lesion) were used.
We immunohistochemically assessed microvessel density (by
CD34) and macrophage count (by CD68 or CD163). Computed
tomography hepatic angiography (CTHA) was performed for
26 well-differentiated HCCs and all 30 well- to moderately
differentiated HCCs. The pathological analysis of the 43 well-
differentiated HCCs revealed a positive correlation between
microvessel density and macrophage count (P=0.0026,
r=0.4486). Based on the CTHA findings, 26 well-differentiated
HCCs classified into a hyperattenuation group (n=14) and a
hypo- or isoattenuation group (n=12). The microvessel density
and macrophage count of the hyperattenuation group were
significantly higher than those of the hypo- or isoattenuation
group (P=0.0372 and P=0.0476). In the 30 well- to moderately
differentiated HCCs, microvessel density of the moderately
differentiated components was significantly higher than that of
the well-differentiated components (P<0.0001). However, the
macrophage count of the moderately differentiated component
was significantly lower than that of the well-differentiated
component (P<0.0001). All the moderately differentiated
components showed marked hyperattenuation on CTHA.
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Tumor vascularity was correlated with macrophage count in
the tumor when limited to well-differentiated HCCs. TAMs
may have a role in promoting angiogenesis of HCC at an early
stage during its multistep development.

Introduction

Hepatocellular carcinoma (HCC) is one of the common
malignancies in the world, and it is especially common in east
Asia and sub-Saharan Africa (1-3). It is well known that the
development of most HCCs is a multistep process under the
presence of various chronic liver diseases (4,5). During such
hepatocellular carcinogenesis, changes in the blood supply
have been reported, based on pathological and radiological
studies (6-9). Briefly, a dysplastic nodule shows deterioration
of arterial and portal blood flow, and in well-differentiated
HCC (wHCC) arterial blood flow becomes dominant as a
result of arterial neo-vascularization. Subsequently, classical
(moderately and poorly differentiated) HCC shows abundant
arterial blood flow and decreased portal blood flow.

The detection of wHCC is one of the most important
issues in the management of patients with chronic liver
disease. Previous studies have reported the imaging features
of wHCC:s, especially on computed tomography hepatic angi-
ography (CTHA) and CT during arterial portography (8,9).
In those studies, wHCCs showed varying attenuation levels
(hypoattenuation to hyperattenuation) on CTHA, suggesting
that wHCC is the transitional stage of the arterial blood supply
from a dysplastic nodule to classical HCC. However, to the
best of our knowledge, the upregulation mechanism of angio-
genesis in WHCC has not been fully elucidated.

Immunological studies have identified two distinct states of
macrophages (10,11). Classically activated (M1) macrophages
activate microbial killing and show antitumor immunity.
Tumor-associated macrophages (TAMs) are known to
possess the immunosuppressive M2 macrophage phenotype.
M2 macrophages are alternatively activated macrophages
and contribute to tumor progression, including angiogenesis
(12,13). A significant correlation between TAMs and tumor
vascularity has been reported in many tumors, including



2500

breast carcinoma (14), esophageal carcinoma (15), bladder (16)
and prostate cancer (17).

However, it is known that macrophages in an HCC decrease
as the histological grade advances, as confirmed by superpara-
magnetic iron oxide (SPIO)-enhanced magnetic resonance
(MR) imaging findings (18). In fact, the macrophage count in
wHCC is higher than that in classical (moderately and poorly
differentiated) HCC (18). Considering these reports, TAMs
may have a role in promoting angiogenesis of WHCCs.

In the present study, we attempted to clarify whether
TAMs are associated with the angiogenesis of HCC, with a
special focus on the early stage of HCC during the multistep
development.

Materials and methods

Patients. The present study conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki as revised in Tokyo
2004 and was performed with the approval of the Institutional
Ethics Committee of Kyushu University. We could not obtain
written informed consent from all the patients, therefore we
removed identifying information from all samples before
analysis for strict privacy protection. This procedure was in
accordance with the Ethical Guidelines for Human Genome/
Gene Research enacted by the Japanese Government.

The cases included 73 HCCs surgically resected at our
institution between March 1993 and September 2010. These
consisted of 43 wHCCs and 30 well- to moderately differenti-
ated HCCs (wmHCCs). Histological diagnosis was evaluated
based on the classification proposed by the World Health
Organization (19) and the International Consensus Group
for Hepatocellular Neoplasia (20). WmHCC was defined as
a nodule-in-nodule lesion when an inner nodule (moderately
differentiated component) and an outer part (well-differenti-
ated component) could be clearly separated. Patient details and
tumor profiles are summarized in Table I. Twenty-six patients
with wHCC and all 30 patients with wmHCCs underwent
CTHA before surgery. Any cases with preceding therapy
before surgery were excluded from the present study.

Immunohistochemistry. Ten-percent formalin-fixed, paraffin-
embedded tissue sections (4 ym) containing sufficient tumor
tissue were used for the study. Immunohistochemical staining
was performed by the streptavidin-biotin-peroxidase method
(Histofine SAB-PO kit; Nichirei, Tokyo, Japan). To retrieve
antigens, the specimens were preincubated in trypsin (Sigma-
Aldrich, St. Louis, MO, USA) in phosphate-buffered saline
(PBS) for 30 min at 37°C for anti-CD34 antibody, while
specimens were pretreated by heating in a microwave oven
for 20 min for anti-CD68 and anti-CD163 antibody. The
antibodies used in the present study were mouse monoclonal
antibodies, and their dilutions were 1:50 for CD34 (QBEnd/10;
Novocastra, Newcastle, UK), 1:300 for CD68 (KP-1; Dako,
Glostrup, Denmark) and 1:200 for CD163 (10D6; Novocastra).

Evaluation of immunostaining. Microvessel density (MVD)
was quantified using immunohistochemical staining for CD34
as a marker for endothelium following the method of a previous
report (21). Three of the most vascularized areas were selected
by scanning under a low-power view (x40), and the number of
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Table I. Patient details and tumor profiles.

Characteristics Data
wHCC
Gender (male/female) 33/10
Age (years) mean (range) 63.2 (28-87)
Hepeatitis viral infection (B/C) 8/31
Liver cirrhosis 21
Tumor size (cm) mean (range) 1.6 (0.6-3.8)
wmHCC
Gender (male/female) 16/14
Age (years) mean (range) 71.8 (55-87)
Hepatitis viral infection (B/C) 5/22

Liver cirrhosis 14
Tumor size (cm) mean (range) 2.1(0.9-4.5)

Data of gender, hepatitis virus infection and liver cirrhosis are
numbers of patients. WHCC, well-differentiated hepatocellular car-
cinoma; wmHCC, well- to moderately differentiated hepatocellular
carcinoma.

CD34-positive vessels was counted at a magnification of x100.
The mean count of the three areas was defined as the MVD.

CD68-positive macrophages were also counted in both
the tumor and the non-tumorous tissue. Five areas with the
greatest number of macrophages were selected under a
low-power view (x40), and the number of CD68-positive
macrophages was counted at x200 magnification. The mean
count of the five areas was defined as the macrophage count
(MC). Macrophages in the portal tracts of the non-tumorous
tissue were excluded from evaluation, as inflammatory cell
infiltration in this region depends on the presence or condition
of chronic hepatitis. To evaluate the MC in the tumor compared
with the non-tumorous tissue, we defined the MC ratio as
follows: MC ratio = MC in the tumor/MC in the non-tumorous
tissue. We also counted CD163-positive MC as a marker of M2
macrophages (22-24) in the same way we counted MC.

All measurements were performed by two pathologists
(S.A. and Y.K.) without any knowledge of the clinicopatho-
logical findings.

CT protocols. CTHA was performed using a 4-row multide-
tector CT system (MDCT; Aquilion; Toshiba, Tokyo, Japan)
or 16-row multidetector CT system (Aquilion). The scanning
parameters of the 4-MDCT were as follows: collimation
3 mm; pitch 5.5; reconstruction 5 mm. The parameters of the
16-MDCT were: collimation 1 mm; pitch 15; reconstruction
3 mm. The hepatic arterial catheter for CTHA was placed in
the proper, right or left hepatic arteries. Data acquisition of
CTHA began 15 sec (first phase) and 30 sec (second phase)
after the initiation of 15-40 ml iopamidol solution (150 mg/ml)
(Iopamiron 150; Bayer Health Care) at a rate of 1-2.5 ml/sec
using an automated power injector. The appropriate injection
rate for CTHA was determined as the maximum injection rate
that would not cause a backward flow of contrast material on
hepatic arteriography. The duration of the arterial injection
was 15-20 sec.
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Figure 1. Correlation between microvessel density (MVD) and macrophage count (MC) or the MC ratio, and between MC and CD163-positive MC in well-
differentiated hepatocellular carcinomas. (A) A significant correlation was found between MVD and MC (P=0.0026, r=0.4486). (B) A significant correlation
was found between MVD and the MC ratio (P=0.0039, r=0.4308). (C) A strong correlation was found between MC and CD163-positive MC (P<0.0001,
r=0.9173). MC and CD163-positive MC showed an excellent agreement with an intraclass correlation coefficient of 0.913.
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Figure 2. Correlation between the tumor attenuation level on the first phase of computed tomography hepatic angiography (CTHA), microvessel density (MVD)
and macrophage count (MC) in well-differentiated hepatocellular carcinomas (WHCCs). (A) The MVD of the hyperattenuation group (n=14) was significantly
higher than that of the hypo- or isoattenuation group (n=12,P=0.0372). (B) The MC of the hyperattenuation group was significantly higher than that of hypo- or
isoattenuation group (P=0.0476). (C) A significant correlation was obtained between MVD and MC (P=0.0270, r=0.4334).

Imaging assessment. The CTHA images of HCCs were
evaluated by two abdominal radiologists (N.F. and A.N.)
in a consensus fashion. The observers were blinded to the
pathological and clinical findings for each case. We evalu-
ated the tumor attenuation level on the first phase of CTHA
as we surmised that this phase represents tumor vascularity.
On the basis of the enhancement pattern in relation to non-
tumorous liver, we divided the wHCCs into two groups: a
hyperattenuation group and a hypo- or isoattenuation group.
The hyperattenuation was determined when the whole lesion
showed hyperattenuation or a hyperattenuation component
was observed within the lesion on CTHA. Although the
CTHA images of the wmHCCs were analyzed similarly, the
two components were evaluated independently. In particular,
we focused on the difference in the attenuation level on CTHA
between the inner nodule (moderately differentiated compo-
nent) and the outer part (well-differentiated component).

Statistical analysis. The relationships between the MVD and
MC or MC ratio, and between MC and CDI163-positive MC
in the wHCCs were evaluated using the Pearson correlation
test. Intraclass correlation coefficient was used to evaluate
the agreement between MC and CD163-positive MC in the
wHCCs. The correlation between the attenuation level on
CTHA and the MVD or MC in wHCCs was analyzed by
the Mann-Whitney U-test. In the wmHCCs, the Mann-
Whitney U-test was used for comparison of the MVD or MC

between the well- and moderately differentiated components.
Continuous variables are expressed as means + SD. JMP 7.0.1
software (SAS Institute, Inc., Cary, NC, USA) and SPSS soft-
ware version 13.0 (SPSS Inc., Chicago, IL, USA) were used
for the analysis. P-values <0.05 were considered to indicate a
statistically significant difference.

Results

Pathological and imaging analysis of the wHCCs. The
pathological analysis of the 43 wHCCs revealed an MVD of
116.8+67.6 and an MC of 93.5+38.2. The MC ratio was 1.2+0.6.
CD163-positive MC was 96.8+34.5. A significant correla-
tion was again obtained between MVD and MC (P=0.0026,
r=0.4486; Fig. 1A) as well as between MVD and the MC ratio
(P=0.0039, r=0.4308; Fig. 1B). In addition, a significant corre-
lation was obtained between MC and CD163-positive MC
(P<0.0001, r=0.9173; Fig. 1C), and MC and CD163-positive
MC showed an excellent agreement with an intraclass correla-
tion coefficient of 0.913.

Of the 26 wHCCs evaluated by CTHA, 12 wHCCs showed
hypoattenuation (n=11) or isoattenuation (n=1) and 14 wHCCs
contained a hyperattenuation area on the first phase. The MVD
and MC of these lesions were 115.2+51.8 and 81.3+34.3, respec-
tively. The MVD of the hyperattenuation group (132.4+52.4)
was significantly higher than that of the hypo- or isoattenua-
tion group (95.1+45.0; P=0.0372; Fig. 2A). In addition, the MC
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Figure 3. An 87-year-old woman with well-differentiated hepatocellular carcinoma in the left lobe of the liver. (A) CTHA image showed a hyperattenuating
mass (arrow). (B) Immunohistochemical staining of CD34. A number of sinusoid-like vessels were observed in the tumor (MVD=178). Immunohistochemical
staining of (C) CD68 and (D) CD163. A large number of CD68- or CD163-positive macrophages were observed in the tumor (MC=62, CD163-positive MC=60).

Figure 4. A 69-year-old man with well-differentiated hepatocellular carcinoma in the right lobe of the liver. (A) CTHA image showed a hypoattenuating mass
(arrow). (B) Immunohistochemical staining of CD34. Small numbers of sinusoid-like vessels were observed in the tumor (MVD=41). Immunohistochemical
staining of (C) CD68 and (D) CD163. CD68- or CD163-positive macrophages were scattered in the tumor (MC=19, CD163-positive MC=17).

of the hyperattenuation group (92.8+36.0) was significantly
higher than that of the hypo- or isoattenuation group (67.8+27.8;
P=0.0476; Fig. 2B). In these lesions, a significant correlation
was obtained between MVD and MC (P=0.0270, r=0.4334,
Fig. 2C). Two typical cases are shown in Figs. 3 and 4.

Pathological and imaging analysis of the wmHCCs. The MVD
of the moderately differentiated components (223.1+77.6) was
significantly higher than that of the well-differentiated compo-

nents (65.9+35.9; P<.0001; Fig. 5A). In contrast, the MC of the
moderately differentiated components (76.8+29.5) was signifi-
cantly lower than that of the well-differentiated components
(127.6+42.6, P<.0001; Fig. 5B). On the first phase of CTHA,
all the moderately differentiated components showed marked
hyperattenuation. Regarding the outer well-differentiated
components, 12 lesions showed hypo- (n=10) or isoattenuation
(n=2) and 18 lesions showed hyperattenuation. A representa-
tive case is shown in Fig. 6.
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Figure 5. Correlation between histological grading, microvessel density (MVD) and macrophage count (MC) in well- to moderately differentiated hepatocellular
carcinomas (nodule-in-nodule lesion). (A) The MVD of the moderately differentiated components was significantly higher than that of the well-differentiated
components (P<0.0001). (B) The MC of the moderately differentiated components was significantly lower than that of the well-differentiated components
(P<0.0001). wHCC, well-differentiated HCC; mHCC, moderately differentiated HCC.
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Figure 6. A 70-year-old woman with well- to moderately differentiated hepatocellular carcinoma in the right lobe of the liver. (A) CTHA image showed a
mostly hypoattenuating mass (arrow) containing a hyperattenuating component (arrowhead). (B) Immunohistochemical staining of CD34. Small numbers
of CD34-positive sinusoid-like vessels were observed in the well-differentiated component (MVD=51) and a large number of vessels were observed in the
moderately differentiated component (MVD=156). (C) Immunohistochemical staining of CD68. A large number of CD68-positive macrophages was observed
in the well-differentiated component (MC=155), and scattered macrophages were observed in the moderately differentiated component (MC=40). wHCC,

well-differentiated HCC; mHCC, moderately differentiated HCC.

Discussion

The molecular mechanism of tumor angiogenesis has been well
described (25,26). Vascular endothelial growth factor (VEGF)
and the angiopoietin (Ang) family are vascular endothelium-
specific growth factors (25). In HCCs, the correlation between
such growth factors and MVD has been revealed in several
studies (27-29). In addition, another study demonstrated that
the stromal cells in solid tumors play an important role in
tumor progression (30).

TAMs are particularly important components of the tumor
microenvironment (12,13). Macrophages are released from
bone marrow, then circulate in the blood stream and migrate
into tissues such as Kupffer cells in the liver. These macro-
phages are capable of lysing tumor cells, presenting antigens
to T cells, and expressing immunostimulatory cytokines
(12). In contrast, TAMs which are exposed to tumor-derived
molecules such as interleukin (IL)-4 and IL-10 and are alter-
natively activated have poor antigen-presenting capability, and
they produce factors that suppress T-cell proliferation and
activity (12,31). TAMs also release growth factors, cytokines
and chemokines that regulate tumor growth, tumor invasion,
and angiogenesis, such as VEGF (12). The role of TAMs in
angiogenesis has been reported in many solid tumors (14-17).

In light of our present results, we hypothesize that TAMs
play a crucial role in angiogenesis in wHCC, but not in moder-

ately differentiated HCC. The mechanisms that control such
changes of TAMs remain controversial. Stromal invasion,
which means tumor cell invasion into the intratumoral portal
tracts, is one of the most important pathologic features in
wHCC (20). Stromal invasion decreases the number of portal
veins and arteries, and may cause hypoxia. Murdoch ef al (32)
reported that TAMs accumulate in large numbers in avascular
and hypoxia areas.

During the multistep development of wHCC, stromal
invasion increases and causes increasing areas of hypoxia.
We suspect that such hypoxic conditions recruit TAMs and
promote angiogenesis in wWHCC. In the present study, the
wHCCs showed various attenuation levels on CTHA and
various MVDs. The increasing stromal invasion during tumor
development in WHCCs can explain the finding that the wHCCs
showed such varying vascularity. However, in moderately
differentiated HCC, VEGF and the Ang family that express
in carcinoma cells play a central role in tumor angiogenesis,
as previously described (28,29). It no longer seems that TAMs
play an important role in angiogenesis. A previous finding
that the macrophage count in the wHCC is higher than that in
the classical (moderately and poorly differentiated) HCC may
also support our hypothesis (18). We assume that TAMs may
induce an ‘angiogenetic switch’ at an early stage of HCC.

One issue that we should consider is whether macrophages
in HCC are classical (M1) macrophages or immunosup-
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pressive M2 macrophages, as they both express CD68. We,
therefore, compared the MC between the tumors and the non-
tumorous tissue. Twenty-eight of the 43 wHCCs (65.1%) had
higher MC in the tumor than in the non-tumorous tissue. In
addition, a significant correlation was found between MVD
and the MC ratio. We also compared the correlation between
CD68- and CDI163-positive macrophage counts. CD163
is a transmembrane scavenger receptor for haptoglobin-
hemoglobin complexes and is expressed in M2 macrophages
(22-24). In the present study, a strong correlation was found
between CD68- and CD163-positive macrophage counts. In
addition, MC and CD163-positive MC showed an excellent
agreement. Therefore, we consider that TAMs in HCC are
M2 phenotype. Also, in previous studies, CD68-positive
macrophages in the tumor were regarded as TAMs (14-16)
which possess the immunosuppressive M2 macrophage
phenotype.

Only a few radiological investigations have reported a
correlation between imaging findings and these molecular
mechanisms in tumor angiogenesis. Some reports described
the relationship between imaging findings and VEGF expres-
sion in HCC (33,34). Regarding TAMs, a role of macrophages
in tumor progression in HCC under treatment with sorafenib,
an oral multikinase inhibitor of VEGF, has been reported (35).
Such molecular imaging studies will increase our under-
standing of the radiological imaging findings related to the
molecular biologic environment and, in addition, should be
used along with new target therapies for molecular mecha-
nisms in tumor progression.

The present study has a few limitations. First, we divided
the wHCCs into two groups (hyperattenuation group vs. iso-
or hypoattenuation group) in the evaluation of vascularity on
CTHA as only one lesion showed isoattenuation. Second, our
results cannot be compared with SPIO-enhanced MR imaging
findings. Only two of our 43 patients with wHCC underwent
SPIO-enhanced MR imaging. Since the uptake of SPIO in the
tumor reflects the number and function of TAMs, we may be
able to predict angiogenetic changes in tumors in the future
using this method.

In conclusion, TAMs may have an important role in
promoting angiogenesis in wHCCs, but not in moderately
differentiated HCCs. Our findings suggest a role of TAMs in
promoting angiogenesis at an early stage of HCC during its
multistep development.
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