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Tumor-associated macrophages promote tumor cell
proliferation in nasopharyngeal NK/T-cell ymphoma
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Abstract: Objective: To explore the relationship between the number of tumor-associated macrophages (TAMs) and
proliferative activity of tumor cells and the relationship between two macrophage biomarkers CD68 and CD163 in
nasopharyngeal NK/T-cell lymphoma. Methods: Immunohistochemistry was used to reconfirm the diagnosis of na-
sal NK/T-cell lymphoma and detect the numbers of TAMs and the ki-67 label index of the tumor cells in all 31 cases.
In addition, 12 cases of inflammatory cases were collected as controls, for which the immunostaining of CD68 and
CD163 were done as well. Then staining results were analyzed with Pearson correlation and t test. Results: The
number of TAMs was positively correlated with tumor proliferative activity (P = 0.024) in nasopharyngeal NK/T-cell
lymphoma. The expression of CD68 and CD163 was closely related (P = 0.009), and the positive rate of CD68 was
generally higher than CD163, however there is no statistical significance. Conclusion: The increase in numbers of
TAMs in nasopharyngeal NK/T-cell lymphoma is related to higher proliferative index, indicating the TAMs play an
important role in tumor proliferation. Meanwhile both CD68 and CD163 might be the markers for TAMs but CD163

would be the better one.
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Introduction

Nasopharyngeal NK/T-cell lymphoma is one of
the most commonly malignant lymphoma in
Asian countries including China. Clinically,
patients with Nasopharyngeal NK/T-cell lym-
phoma usually have ulcer and perforation on
multiple areas such as nasopharynx, nasal sep-
tum, soft palate and other areas, which could
cause the face damage, resulting in patients’
deaths at last. Histopathologically, obvious
hyperplasia of the tumor cells and the corro-
sion of blood vessels are characteristics of the
tumor. Therefore, it is generally accepted that
nasopharyngeal NK/T-cell lymphoma is a
malignant tumor with a relatively high lethality
[1]. Recently, people have paid more attention
to tumor microenvironment in tumorigenesis
and tumor development [2]. As an important
immunocyte, TAMs in tumor diagnosis and
treatment is drawing widely attention as well.
Abundant research findings showed that at
present TAMs are closely associated with
tumorigenesis, tumor development and poor

prognosis [3, 4] in the studies in breast cancer,
gastric carcinoma and carcinoma of large intes-
tine [5-7]. However, TAMs in nasopharyngeal
NK/T-cell lymphoma and the study on tumor
proliferation activity have not been reported so
far. Therefore, two TAM markers, i.e. CD68 and
CD163, were used for detecting TAMs in naso-
pharyngeal NK/T-cell ymphoma and the corre-
lation of TAM number with the tumor prolifera-
tive activity was further studied. We found that
the increase in numbers of TAMs in nasopha-
ryngeal NK/T-cell lymphoma was related to
higher proliferative index and it indicated the
TAMs play an important role in tumor cell prolif-
eration. To our knowledge, this is first report
about TAMs study on nasopharyngeal NK/T-cell
lymphoma.

Materials and methods
Case collection

Thirty-one cases of nasopharyngeal NK/T-cell
lymphoma were collected from the archives in
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Figure 1. Immunohistochemical staining of CD3 in
Nasopharyngeal NK/T cell lymphoma (EnVision x
400).

department of pathology of our hospital from
the year 2005 to 2007. There were 23 males
and 8 females from the age of 4 to 80 years
and the median of the age was 39 years.
Meanwhile, 10 cases of reactive lesion were
collected from same anatomical locations and
same period and the median of the age was 19
years. Among them there were 8 males and 2
females from the age of 4 to 59 years.

Immunohistochemical study

All of the primary antibodies and the EnVision
kit were commercially obtained from DAKO
(Denmark) including CD3, CD45RO, TIA-1,
CD56, CD20, CD79a, CD68, CD163 and Ki67.
The staining protocols of antibodies according
to the manufacture’s instructions. Among them,
CD3, CD45RO0, TIA-1 and CD56 were used for
recognizing T/NK cells, CD20 and CD79« for
B-cells, CD68 and CD163 for macrophages and
Ki67 for detecting tumor cell proliferation.
Afterwards, we used general type second anti-
body and conducted DAB chromogenic and
hematoxylin stain. All 31 cases of NK/T-cell
lymphoma were studied by EnVision immuno-
histochemistry and 10 cases of reactive prolif-
erative cases were used as the control group.
First of all, we reconfirmed the diagnosis of the
tumor cases according to WHO criteria of both
morphology and immunohistochemistry [8].
Then, tumor-associated macrophages and Ki67
labeling index were independently determined
in double blind condition.

CD68-, CD163- and Ki67-positive cells were
counted in 5 randomly selected high power
fields out of necrosis with Image Pro-Plus 5.1
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Figure 2. Immunohistochemical staining of CD56 in
Nasopharyngeal NK/T cell lymphoma (EnVision x
400).

software according to the literatures and the
percentages were calculated [9].

Statistics

Pearson’s correlation analysis was used to
study the relationships between CD68 and
Ki67, CD163 and Ki67, CD68 and CD163 with
SPSS13.0 software, P < 0.05 is considered
significant.

Results

Immunophenotypic analysis in nasopharyn-
geal NK/T-cell lymphoma

Tumor cells in the 31 cases all expressed hyalo-
mitome type CD3 (Figure 1) and CD45R0 with
different levels. Tumor cells expressed CD56 in
24 cases (Figure 2); and 25 cases expressed
TIA-1. In the 7 cases of CD56 negative, 4 among
them didn’t express TIA-1 but they had explicit
expression of hyalomitome type CD3 and
CD45RO0. Furthermore, in 3 cases of CD56 sin-
gle negative and 2cases of TIA-1 single nega-
tive, the tumor cells also expressed hyalomi-
tome type CD3 and CD45RO0. Only in a few
cases could we see diffuse distribution of
CD79a positive cells (Table 1). Based on the
information mentioned above, 31 cases of
NK/T-cell lymphoma were all confirmed by the
return visits.

Ki67 labeling index was positively correlated
with TAMs numbers

All the cases of nasopharyngeal NK/T-cell
malignant lymphoma were positive for Ki67
(Figure 3), CD68 (Figure 4) and CD163 (Figure
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Table 1. Immunohistochemistry of nasopharyngeal NK/T cell ymphoma

Num Gender Age CD3 CD45RO CD56 TIA-1 CD20 CD79«a CD68 CD163 Kie7
1 male 17 + - - + 0.094 0.087 0.53
2 female 30 + + - - - 0.141 0.092 0.5

3 male 30 + + + + - + 0.087 0.085 0.4

4 male 32 + + - + - - 0.054 0.067 0.15
5 male 40 + + + + - - 0.088 0.041 0.04
6 female 35 + + + + - - 0.125 0.104 0.54
7 male 71 + + + + - - 0.049 0.070 0.28
8 male 44 + + + + + - 0.064 0.035 0.2

9 male 40 + + - + - - 0.135 0.082 0.57
10 male 70 + + + + - - 0.079 0.040 0.52
11 male 18 + + + + - - 0.102 0.073 0.16
12 male 43 + + + + - - 0.073 0.058 0.42
13 male 46 + + + + - - 0.066 0.040 0.38
14 male 32 + + - - - - 0.041 0.087 0.39
15 female 40 + + - - - - 0.078 0.058 0.53
16 male 58 + + + + - - 0.063 0.038 0.38
17 male 33 + + + + - - 0.103 0.088 0.15
18 female 27 + + + + - - 0.080 0.037 0.27
19 male 4 + + - - - - 0.079 0.041 0.17
20 female 41 + + + + - - 0.176 0.094 0.59
21 male 33 + + + + - - 0.096 0.050 0.57
22 male 51 + + + + - - 0.093 0.066 0.3

23 male 18 + + + + - - 0.065 0.050 0.56
24 female 80 + + + + - - 0.123 0.092 0.48
25 female 39 + + + - - - 0.062 0.106 0.46
26 male 53 + + + + - - 0.094 0.059 0.19
27 male 37 + + + + - - 0.041 0.074 0.3

28 male 55 + + + + - - 0.060 0.050 0.16
29 female 76 + + - + - - 0.100 0.082 0.56
30 male 30 + + + + - - 0.064 0.056 0.33
31 female 30 + + + - - 0.064 0.058 0.32

5). However, CD163 is able to more clearly out-
line the cell contour. Ki67 labeling index and
the numbers of both CD68-and CD163-positive
cells were listed in Table 1. In inflammatory
control group, the mean of both CD68 and
CD163-positive cells was 0.057 + 0.006 and
0.045 + 0.004 respectively. The statistic analy-
sis indicated that the mean of both CD68 and
CD163-positive cells in the cancer group was
significantly higher than that of the inflamma-
tory group respectively (t = 3.019, P = 0.004; t
= 3.410, P = 0.001). Meanwhile, statistics also
indicated that there was a significant positive
correlation between Ki67 labeling index and
the average numbers of both CD68 (Figure 6)
and CD163 (Figure 7) positive cells (P = 0.024;
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P = 0.031). Furthermore, there is a significant
positive correlation between CD68 and CD163
staining (Figure 8).

Discussion

In this study, tumor-associated macrophages
were detected by using two markers of macro-
phage, i.e., CD68 and CD163 in 31 cases of
nasopharyngeal NK/T-cell lymphoma tissues.
Meanwhile, Ki67 labeling index was also deter-
mined in double blind condition. Furthermore,
the relationships between Ki67 labeling index
and the number of both CD68- and CD163-
positive cells as well as between CD68-positive
and of CD163-positive cell numbers were ana-
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Figure 3. Immunohistochemical staining of Ki67 in
nasopharyngeal NK/T cell lymphoma (EnVision x
400).

Figure 4. Immunohistochemical staining of CD68
in nasopharyngeal NK/T cell lymphoma (EnVision x
400).

lyzed. We found for the first time that both
CD68- and CD163-positive cells were signifi-
cantly correlated with Ki67 labeling index in
this cancer. Meanwhile, a significant correlation
between CD68- and CD163-positive cell num-
bers was also found. The findings above indi-
cated that both CD68 and CD163 can recog-
nize macrophages in nasopharyngeal NK/T-cell
lymphoma tissues and these macrophages can
promote lymphoma cell proliferation.

Tumor microenvironment is composed of three
components: tumor cells, non-transformed
cells and extra cellular matrix (ECM) [10]. It is
found that non-transformed cells and ECM can
provide living signals and condition to tumor
cells by secreting growth factors, angiogenesis
factors, and adhesion molecule [11-13] etc. So,
it is believed that tumor microenvironment
plays an important role in tumor cell hyperpla-
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Figure 5. Immunohistochemical staining of CD163
in nasopharyngeal NK/T cell lymphoma (EnVision x
400).

sia, vascularization, infestation and metastasis
[14]. The non-transformed cells include stroma
cells, T cells, mononuclear macrophage even
dendritic cells. These cells can form a specific
network by connecting with cytokine and che-
motactic factors to promote tumor formation
and hyperplasia through cell-to-cell interaction.
Among them, TAMs play a significant role.

In different microenvironments, macrophage
can be induced into different subgroups with
different molecular and functional characteris-
tics. At present, macrophages are divided into
two categories, that is, classically activated
macrophage, M1 macrophages, and alterna-
tively activated macrophage, M2 macrophages
[15]. M1 cells can secrete NO, diverse cyto-
kines, iNOS etc and act as inducer cells and
effector cells to participate in killing pathogen
and tumor cells in Thl immune response [16].
On the contrary, M2 macrophages have the ten-
dency to promote tumor to grow. M2 cells can
promote vascularization and formation of lym-
phatic vessels; destroy base membrane and
plerosis damnification [17]. Therefore, we need
TAM subtype-specific markers to recognize
them in situ tissue.

In this study, we indeed found that CDGS8-
positive macrophages are not the same as
CD163-positive macrophages. First, the cellu-
lar morphology of CD68-positive cells was
clearly different from that of 163-positive cells
and the boundary of the later cells was much
clear. Second, the number of CD68-positive
cells was more than that of CD163-positive
cells in nasopharyngeal NK/T-cell lymphoma
tissues, although the difference was not signifi-
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Figure 6. The relationship between CD68 positivity and Ki67 labeling index

(P =0.024).
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Figure 7. The relationship between CD163 positivity and Ki67 labeling index

(P =0.024).
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Figure 8. The relationship between CD68 positivity and CD613 positivity (P

=0.009).

cant. (Figure 9). Furthermore, compared with
the control group of nasopharyngeal reactive
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lesions, the number of CD
163-positive  macrophages
was significantly increased
(CD163,P=0.001;CD 68, P=
0.004). So, coupled with
recent results in literatures, it
is believed that CD68 is a gen-
eral marker of macrophages
and CD163 is more specific
marker of M2 cells [18, 19].
Although we found that there
was a significant correlation
between the numbers of
CD68- and CD 163-positive
macrophages, in our opinion,
CD163 would be better and
suitable for TAMs recognition.
Although the results of us
were similar with Harris JA et
al. [20], they believed that
CD68 and CD163 uncorrelat-
ed was inconsistent with the
results of our study. Because
CD68 marked the M1 and M2
cells in TAM, which CD163
labeled M2 only. Sowe had
reason to believe that there
was a correlation between
them.

Present study found for the
first time that TAMs number
was closely related to cell pro-
liferation of nasal NK/T-cell
lymphomas. Unfortunately,
however, we didn't clearly
understand how TAMs pro-
mote tumor cell proliferation.
But some literatures have
reported that TAMs can inter-
act with tumor cells through
activation of cellular factors
such as TNF-a, IL-2 by auto-
crine and/or paracrine secre-
tion in the inflammation cir-
cumstances [21]. TAMs can
also regulate NF-kB pathway
to release large amount of
cytokines (EGFR, GM-CSF,
TGF-B etc.) and to promote the
hyperplasia and growth of a
tumor, induce vascularization
and formation of lymphatic

vessels, destroy base membrane and encour-
age tumorigenesis and development [22-25].

Int J Clin Exp Pathol 2014;7(9):5429-5435
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Figure 9. The positive rate of CD68 (A) and CD163 (B) serial sections under the same vision in the germinal center.
CD68-positive rate was significantly higher than the CD163. (EnVision x 400).

Among them, study showed ligands of EGFR
family play important roles in tumorigenesis.
The members of this family can form homolo-
gous or allogenetic dimeride on the cell surface
which can mediate transference of cell multipli-
cation signals. Another piece of literature
reported that TAMs can release G O/G 1 switch
gene 2 and accelerate cell growth cycle to pro-
mote hyperplasia of tumor cells [26]. To our
knowledge, at present there are no any reports
for a direct demonstrating a link between TAMs
and tumor cell proliferation. In spite of Ishiih et
al. described monocytes may be contribute to
lymphoma progression in nasal NK/T-cell lym-
phomas [27], but the CD14-positive monocytes
was the precursor cell what was different from
the macrophages we reported.

In brief, increase number of TAMs was originally
found in 31 cases of nasal NK/T-cell ymphoma
tissues in this study and it indicated that TAMs
could promote the cancer cell proliferation.
Meanwhile, as M2 is much more important for
cancer cell behavior, it suggested that CD163,
a recommended marker of M2, was preferen-
tially used in TAMs recognition. Furthermore,
the mechanism of how TAMs promote NK/T-
cell lymphoma cell proliferation needs to be
directly investigated.
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