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Summary The immune system is closely associated with malignant behavior in renal cell carcinoma (RCC).
Therefore, understanding the pathological roles of immune cells in tumor stroma is essential to discuss the
pathological characteristics of RCC. In this study, the clinical signiﬁcance of densities of CD57+ cells,
CD68+ cells, and mast cells, and their ratios were investigated in patients with clear cell RCC. The densities
of CD57+, CD68+, and mast cells were evaluated by immunohistochemical techniques in 179 patients. Proliferation index, apoptotic index, and microvessel density were evaluated by using anti–Ki-67, anti–cleaved
caspase-3, and anti-CD31 antibodies, respectively. The density of CD57+ cell was negatively correlated
with grade, pT stage, and metastasis, although densities of CD68+ cell and mast cell were positively correlated. Ratios of CD68+ cell/CD57+ cell and mast cell/CD57+ cell were signiﬁcantly correlated with grade,
pT stage, and metastasis. Survival analyses showed that the CD68+ cell/CD57+ cell ratio was a signiﬁcant
predictor for cause-speciﬁc survival by multivariate analyses (hazard ratio = 1.41, 95% conﬁdence interval =
1.03-1.93, P = .031) and was signiﬁcantly correlated with proliferation index, apoptotic index, and microvessel density (r = .47, P b. 001; r = −.31, P b .001; and r = .40, P b .001, respectively). In conclusion,
CD57+ cells, CD68+ cells, and mast cells played important roles in malignancy in clear cell RCC. The
CD68+ cell/CD57+ cell ratio was strongly correlated with pathological features and prognosis in these patients because this ratio reﬂected the status of cancer cell proliferation, apoptosis, and angiogenesis.
© 2018 . Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Renal cell carcinoma (RCC) is one of the major urological cancers; immunological function affects the malignant behavior of
RCC cells. RCC is known to have high metastatic potential, and
prognosis of patients with metastatic RCC is poor despite the development of various types of anticancer drugs [1]. On the other
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hand, if curative surgery is performed for nonmetastasis patients, 20%-30% suffer relapse or metastasis [2]. Therefore,
more detailed information on the pathological mechanisms
of tumor growth and progression in RCC is essential to explore treatment and observation strategies. In recent years,
many investigators have suggested that interactions between
cancer cells and the surrounding stromal microenvironment
play important roles in the malignant aggressiveness in many
types of solid tumors, including RCC. Previous studies have
shown that ﬁbroblasts, endothelial cells, and tumor-inﬁltrating
cells (TICs) exist in stromal tissues, and TICs are composed of
various cells of the hematopoietic system including lymphocytes, mast cells, and macrophages. In addition, these stromal
cells act as oncogenic factors by complex mechanisms via regulation of cancer cell growth and angiogenesis [3,4]. In fact,
the pathological characteristics of RCC are closely dependent
on the immune system, and various immunotherapies are useful in patients with RCC [5]. Currently, the use of novel immune checkpoint inhibitors can result in improved survival
compared to that with molecular targeted therapy [6]. Thus,
understanding the pathological roles of immune cells in tumor
stroma is essential to discuss the observations and therapeutic
strategies in patients with RCC.
In the present study, we focused on the pathological roles of
TICs, such CD57+ cells (commonly recognized as natural killer
[NK] cells) [7-11], CD68+ cells (known as macrophages) [1015], and mast cells, in human clear cell RCC tissues. In addition, the relationships between their densities and cancer cell
proliferation, apoptosis, and angiogenesis were analyzed.

anti-CD57 antibody (Lab Vision Corp, Fremont, CA),
anti–mast cell tryptase antibody (NeoMarkers, Fremont,
CA), and anti-CD31 and anti-CD68 antibody (Leica Biosystems, New Castle, United Kingdom). In situ labeling
for apoptosis was also performed to detect the apoptotic

2. Materials and methods
2.1. Patients
Formalin-ﬁxed and parafﬁn-embedded sections were obtained from surgical specimens of 179 clear cell RCC patients
in Nagasaki University Hospital. Although consecutive specimens were examined, some specimens were excluded because
of low cancer cell numbers following previous investigations.
We also excluded patients who received neoadjuvant therapy.
In the study population, all patients were those who had received some molecular targeted therapies; however, no patient
was treated with immune checkpoint inhibitors. All patients
were evaluated by chest radiograph, computed tomography,
and bone scanning. The tumor-node-metastasis system was
used for staging, with the grade determined using the criteria
of Fuhrman et al [16]. The median (interquartile range) follow-up period was 39 (19-62) months. The study protocol
was approved by the Human Ethics Review Committee of Nagasaki University Hospital.

2.2. Immunohistochemistry
For immunohistochemical staining, the antibodies used
were anti–Ki-67 antibody (Dako Corp, Glostrup, Denmark),

Fig. 1 Representative images of CD57+ cells (A), CD68+ cells
(B), and mast cells (C) in human clear cell renal cell cancer tissues
(original magniﬁcation ×200). These cells were easily detected in
the intratumoral area because they strongly and clearly stained in all
tumor tissues.
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cells. The immunohistochemical staining and terminal
transferase dUTP nick end labeling (TUNEL) assays were
performed according to our previous reports [17-19].
Brieﬂy, 5-μm–thick sections were deparafﬁnized stepwise,
and antigen retrieval was performed at 95°C for 40 minutes
in 0.01 mol/L sodium citrate buffer (pH 6.0), except for the
anti–Ki-67 antibody (121°C for 15 minutes in the same
buffer). All sections were then immersed in 3% hydrogen peroxide for 30 minutes to block endogenous peroxidase activity.
The sections were then incubated overnight with primary antibodies at 4°C. The sections were then incubated with peroxidase using the labeled polymer method with Dako EnVision
+ Peroxidase (Dako Corp, Carpinteria, CA) for 60 minutes.
The peroxidase reaction was visualized using the liquid 3,3′diaminobenzidine tetrahydrochloride substrate kit. The
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sections were then counterstained with hematoxylin. A variety
of specimens that had been conﬁrmed to be immunoreactive
for the relevant antigens in preliminary studies were used as
positive controls for Ki-67, CD57, CD68, and mast cell tryptase (tonsil), and CD31 (kidney). On the other hand, for the
TUNEL method, the ApopTag In Situ Apoptosis Detection
Kit (Intergen Company, Purchase, NY) was used, and positive
and negative control sections were prepared as described by
the manufacturer.

2.3. Evaluation
Expression of all molecules was assessed semiquantitatively, taking into account the percentage of positively
stained cancer cells in 200 high-power ﬁelds (HPFs).

Fig. 2 A, The density of CD57+ cells was negatively associated with grade, pT stage, and status of metastasis. B and C, In contrast, densities of
CD68+ cells and mast cells were positively associated with these clinicopathological features.
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Similarly, the densities of the positively stained vessels, nuclear, and TICs were examined at 5-10 representative hot
spot ﬁelds of view in HPFs within the tumor area for control
of heterogeneity. The proliferative index (PI) represented
the percentage of Ki-67–positive cells. The apoptotic index
(AI) was estimated by the percentage of TUNEL-positive
cells. The number of positively stained vessels per square
millimeter deﬁned the microvessel density (MVD). The
number of TICS positively stained in the cytoplasm and cell
membrane per HPF deﬁned the densities of CD57, CD68,
and mast cells in tryptase-stained cells. We used a computer-aided image analysis system (Win ROOF, version
5.0; MITANI Corp, Fukui, Japan) to calculate the statistical
variables.

2.4. Statistical analyses
Data are expressed as means and SD, unless otherwise
stated. The Student t test was used to compare the continuous
variables. The Scheffé method was used for multiple comparisons of the data. Survival analyses were performed using the
Cox proportional-hazards model, and the results were described as hazard ratios (HRs) with the 95% conﬁdence interval (CI) and P. Pearson correlation was used to evaluate the
relationships between continuous variables and the correlation
coefﬁcient (r). Spearman rank correlation coefﬁcient was calculated to conﬁrm Pearson correlation. All statistical analyses
were 2-sided, and the signiﬁcance was deﬁned as P b .05. Finally, all statistical analyses were performed by the statistical

Fig. 3 A, The CD68+ cell/CD57+ cell ratio was positively associated with grade, pT stage, and status of metastasis. Similar results were detected
in the mast cell/CD57+ cell ratio (B) but not in the mast cell/CD68+ cell ratio (C).
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package StatView for Windows (version 5.0; Abacus Concept, Inc, Berkeley, CA).

Table 2 Correlation with cell proliferation–, apoptosis-, and
angiogenesis-related parameters
PI
r

3. Results
3.1. Densities of CD57+ cells, CD68+ cells, and mast
cells
Densities of CD57+ cells, CD68+ cells, and mast cells
were 28.1 (9.5), 34.5 (13.6), and 28.4 (16.8), respectively.
The representative images of these TICs are shown in
Fig. 1. With regard to clinicopathological features, the density
of CD57+ cells was negatively associated with grade, pT
stage, and presence of metastasis (Fig. 2A). In contrast, densities of CD68+ cells and mast cells were positively associated
with these clinicopathological features (Fig. 2B and C). Next,
upon analysis, we found that the ratios of CD68+ cells/57+
cells and mast cells/CD57+ cells were signiﬁcantly associated
with grade, pT stage, and status of metastasis (Fig. 3A and B).
However, such a signiﬁcant relationship was not found between the pathological features and mast cell/CD68+ cell ratio
(Fig. 3C).

3.2. Survival analyses
As shown in Table 1, univariate analyses showed that the
CD57+ cell density was negatively associated with shorter
cause-speciﬁc survival (CSS) periods (HR = .93, P b .001).
In contrast, densities of CD68+ cells and mast cells were identiﬁed as worse predictors for survival (HR = 1.06, P b .001
and HR = 1.02, P = .007, respectively; Table 1). However,
these densities were not identiﬁed as independent predictors
for CSS in a multivariate analysis model including grade, pT
stage, and metastatic status (Table 1).
On the other hand, the ratios of CD68+ cells/CD57+ cells
and mast cells/CD57+ cells were signiﬁcantly associated with
CSS in univariate analysis (HR = 1.90, P b .001 and HR =
1.83, P b .001, respectively), whereas the mast cell/CD68+

Table 1

Density
CD57+ cell
CD68+ cell
Mast cell
Ratio
CD68+/CD57+
Mast cell/CD57
+ cell
Mast cell/CD68
+ cell

P

r

MVD
P

r

P

−0.27 b.001 0.29 b.001 −0.24 .001
0.46 b.001 −0.20 .007 0.31 b.001
0.11 .141 −0.07 .372 0.18 .015
0.47 b.001 −0.31 b.001
0.25 b.001 −0.20 .008
−0.16

.060

0.07

.358

0.40 b.001
0.30 b.001
0.02

.788

cell ratio was not (Table 1). In addition, multivariate
analysis demonstrated that the CD68+ cell/CD57+ cell ratio
was a signiﬁcant and independent predictor (Table 1; HR =
1.41, P = .031).

3.3. Correlation with cell survival and angiogenesis
Correlations between TIC-based parameters and cancer cell
proliferation, apoptosis, and angiogenesis are shown in Table
2. PI was signiﬁcantly correlated with densities of CD57+ cells
(P b .001) and CD68+ cells (P b .001) and ratios of CD57+
cells/CD68+ cells (P b .001) (Table 2). However, r values of
the CD57+ cell density and mast cell/CD57+ cell ratio were
relatively low (b3.0). Similar results were obtained with regard
to AI, and r values for the CD57+ cell density, CD68+ cell
density, and the mast cell/CD57+ cell ratios were 3.0 or less
(Table 2). On the other hand, except for the mast cell/CD68+
cell ratio, all parameters were signiﬁcantly associated with
MVD. However, r values for CD57+ cell density and mast cell
density were less than 0.3. Thus, only the CD68+ cell/CD57+
cell ratio was signiﬁcantly correlated with PI, AI, and MVD,
with a relatively high r value (N3.0).

Survival analyses for CSS
Multivariate analyses a

Univariate analyses

Density
CD57+ cells
CD68+ cells
Mast cells
Ratio
CD68+ cell/CD57+ cell
Mast cell/CD57+ cell
Mast cell/CD68+ cell
a

AI

HR

95% CI

P

HR

95% CI

P

0.93
1.06
1.02

0.90-0.96
1.04-1.08
1.01-1.04

b.001
b.001
.007

0.96
1.00
0.98

0.92-1.00
0.98-1.02
0.96-1.01

.063
.913
.187

1.90
1.83
1.05

1.55-2.30
1.44-2.34
0.65-1.69

b.001
b.001
.836

1.41
1.10
0.90

1.03-1.93
0.75-1.60
0.54-1.49

.031
.638
.694

Adjusted by grade, pT stage, and metastasis.

107

4. Discussion
The present study showed that CD57+ cell density acts as
an antitumor factor for tumor progression and prognosis in patients with clear cell RCC. In contrast, high densities of CD68
+ cells and mast cells were associated with high grade, high
stage, and worse survival in these patients. As mentioned
above, in various cancer tissues, CD57 and CD68 were recognized as markers of NK cells and macrophages, respectively
[7-15]. Many reports showed that NK cell density was negatively associated with malignant aggressiveness and that elevated CD57+ NK cell levels predicted favorable prognosis in
patients with various malignancies [8,10,11]. In contrast,
CD68+ macrophages were reported to be positively associated
with grade, tumor growth, and progression, and the high density of CD68+ macrophages was recognized as a predictor of
worse prognosis in several cancers [20,21]. Similarly, mast
cells have also been reported to participate in tumor development and lead to an unfavorable outcome in a variety of cancers [22,23]. In patients with metastatic RCC, a similar
negative relationship was detected in between CD57+ cell
and grade [9], and the low density of intratumoral CD57+
NK cells was identiﬁed as a predictor of worse overall survival
by multivariate analyses [7]. Several reports have shown that
the increased density of CD68+ macrophages is associated
with tumor progression and poor survival of RCC patients
[3,24]. Thus, these previous reports support our results. Currently, the pathological signiﬁcance and prognostic roles of
mast cells in patients with RCC are controversial. In contrast
to our results, several investigators have reported that mast cell
density was negatively correlated with grade and stage [4,25].
In addition, several reports have shown that mast cell density
was not correlated with these pathological features [26,27].
Furthermore, in survival analyses, the density of mast cells is
reported to be negatively associated with recurrence-free survival and CSS in RCC patients [4]; however, other investigators have shown that the mast cell number was not
associated with survival [26]. Thus, more detailed studies are
necessary to elucidate the pathological signiﬁcance and prognostic role of mast cells in patients with RCC.
In our study population, CD68+ cells had procarcinogenic
activities and CD57+ cells acted as antitumor factors. Therefore, the CD68+ cell/CD57+ cell ratio was speculated to reﬂect more accurate pathological functions compared to the
density of CD57+ cells or CD68+ cells alone. In fact, a significant relationship between the combination pattern of CD68+
cells and CD57+ cells and outcome was reported in colorectal
cancer [28]. In addition, the pathological signiﬁcance of the ratio of various immune cells, such as macrophages and lymphocytes, was studied in various cancer tissues [9,29]. Therefore,
we emphasize that more detailed analyses of the ratio of immune cells in RCC tissues are important to discuss the pathological characteristics in these patients.
Our results showed that the densities of CD57+ and CD68+
cell were signiﬁcantly associated with cancer cell proliferation,
apoptosis, and angiogenesis. In addition, mast cell density was

positively associated with angiogenesis. However, unfortunately, their correlation coefﬁcients were relatively low, except
for the correlation between PI and CD68+ cell density (r = .46).
On the other hand, the CD68+ cell/CD57+ cell ratio was signiﬁcantly correlated with all cancer-related parameters with
relatively high r values (with PI = .47, AI = −.31, MVD =
.40). CD68+ macrophages are reported to exert tumor-promoting functions by the stimulation of cancer cell proliferation in
many types of cancers, including RCC [3,16,17]. In addition
to cell proliferation, the density of CD68+ macrophages was
positively correlated with MVD in various types of cancers,
including RCC [12-15]. Furthermore, CD57+ NK cells were
negatively correlated with tumor proliferation and positively
correlated with apoptosis in patients with hepatocellular carcinoma [30]. These ﬁndings supported that the CD68+ cell/
CD57+ cell ratio could reﬂect such malignant aggressiveness.
However, there is no general agreement regarding the relationship between apoptosis and the density of CD68+ cells in cancer tissues. In short, although there is a report that CD68+
macrophages promoted the apoptosis of colon cancer cells
[31], signiﬁcant proapoptotic activity was not found in several
cancers [12,13]. Furthermore, the relationship between CD57
+ cells and angiogenesis in malignancies is not fully
understood.
The major limitation of this study is that CD68 was used for
the detection of macrophages. In general, CD68 is recognized
as a general macrophage marker. On the other hand, CD163,
CD204, and CD206 (macrophage mannose receptor) were
suggested as a marker of type 2 macrophages, which are
widely considered to be the class of activated macrophages
[32,33]. Thus, there is a possibility that the marker used affects
the detection of macrophages. On the other hand, it has been
reported that the number of CD68+ tumor-associated macrophages (TAMs) was signiﬁcantly correlated to the number of
CD163+ and CD204+ TAMs in clear cell RCC tissues [33].
In addition, other investigators reported that TAMs isolated
from RCC tissues showed the expression of CD68 and
CD163, but not CD206 [34]. Another limitation is that therapeutic strategy such as drugs and courses is not consistent.
In conclusion, CD57+ cells, CD68+ cells, and mast cells
were speculated to play important roles in tumor growth, progression, and malignant aggressiveness in RCC tissues. In particular, the CD68+ cell/CD57+ cell ratio is closely associated with
these malignant behaviors in patients with RCC. We propose
stimulated cancer cell proliferation and angiogenesis and suppressed apoptosis as a mechanism for these pathological roles.
Although our results may currently not be practical to adopt in
clinical practice, we believe that they can be useful to understand
the comprehensive immune system within cancer tissues.

References
[1] Garcia JA, Cowey CL, Goldley PA. Renal cell carcinoma. Curr Opin
Oncol 2009;21:266-71.
[2] Motzer RJ, Agarwal N, Beard C, et al. NCCN clinical practice guidelines
in oncology: kidney cancer. J Natl Compr Canc Netw 2009;7:618-30.

108
[3] Kovaleva OV, Samoilova DV, Shitova MS, Gratchev A. Tumor associated macrophages in kidney cancer. Anal Cell Pathol (Amst) 2016;
2016:9307549.
[4] Fu H, Zhu Y, Wang Y, et al. Tumor inﬁltrating mast cells (TIMs) confer
a marked survival advantage in nonmetastatic clear-cell renal cell carcinoma. Ann Surg Oncol 2017;24:1435-42.
[5] Yang JC, Childs R. Immunotherapy for renal cell carcinoma. J Clin
Oncol 2006;24:5576-83.
[6] Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus everolimus in advanced renal-cell carcinoma. N Engl J Med 2015;373:1803-13.
[7] Donskov F, von der Maase H. Impact of immune parameters on longterm survival in metastatic renal cell carcinoma. J Clin Oncol 2006;24:
1997-2005.
[8] Mileshkin L, Honemann D, Gambell P, et al. Patients with multiple myeloma treated with thalidomide: evaluation of clinical parameters, cytokines, angiogenic markers, mast cells and marrow CD57+ cytotoxic T
cells as predictors of outcome. Haematologica 2007;92:1075-82.
[9] Geissler K, Fornara P, Lautenschläger C, Holzhausen HJ, Seliger B, Riemann D. Immune signature of tumor inﬁltrating immune cells in renal
cancer. Oncoimmunology 2015;4:e985082.
[10] Ohnishi K, Yamaguchi M, Erdenebaatar C, et al. Prognostic signiﬁcance
of CD169-positive lymph node sinus macrophages in patients with endometrial carcinoma. Cancer Sci 2016;107:846-52.
[11] Zinovkin D, Pranjol MZ. Tumor-inﬁltrated lymphocytes, macrophages,
and dendritic cells in endometrioid adenocarcinoma of corpus uteri as potential prognostic factors: an immunohistochemical study. Int J Gynecol
Cancer 2016;26:1207-12.
[12] Ohno S, Inagawa H, Dhar DK, et al. Role of tumor-associated macrophages (TAM) in advanced gastric carcinoma: the impact on FasL-mediated counterattack. Anticancer Res 2005;25:463-70.
[13] Shieh YS, Hung YJ, Hsieh CB, Chen JS, Chou KC, Liu SY. Tumor-associated macrophage correlated with angiogenesis and progression of
mucoepidermoid carcinoma of salivary glands. Ann Surg Oncol 2009;
16:751-60.
[14] Lewis CE, Pollard JW. Distinct role of macrophages in different tumor
microenvironments. Cancer Res 2006;66:605-12.
[15] Lindsten T, Hedbrant A, Ramberg A, et al. Effect of macrophages on
breast cancer cell proliferation, and on expression of hormone receptors,
uPAR and HER-2. Int J Oncol 2017;51:104-14.
[16] Fuhrman SA, Lasky LC, Limas C. Prognostic signiﬁcance of morphologic parameters in renal cell carcinoma. Am J Surg Pathol 1982;6:
655-63.
[17] Watanabe S-I, Miyata Y, Matuso T, et al. High density of tryptase-positive mast cells in patients with renal cell carcinoma on hemodialysis: correlation with expression of stem cell factor and protease activated
receptor-2. HUM PATHOL 2012;43:888-97.
[18] Miyata Y, Watanabe S, Kanetake H, Sakai H. Thrombospondin-1–derived 4N1K peptide expression is negatively associated with malignant
aggressiveness and prognosis in urothelial carcinoma of the upper urinary tract. BMC Cancer 2012;12:372.

H. Nakanishi et al.
[19] Mitsunari K, Miyata Y, Watanabe SI, et al. Stromal expression of Fer
suppresses tumor progression in renal cell carcinoma and is a predictor
of survival. Oncol Lett 2017;13:834-40.
[20] Guo J, Yan Y, Yan Y, et al. Tumor-associated macrophages induce the
expression of FOXQ1 to promote epithelial-mesenchymal transition
and metastasis in gastric cancer cells. Oncol Rep 2017;38:2003-10.
[21] Morita Y, Zhang R, Leslie M, et al. Pathologic evaluation of tumor-associated macrophage density and vessel inﬂammation in invasive breast
carcinomas. Oncol Lett 2017;14:2111-8.
[22] Ko EA, Sanders KM, Zhou T. A transcriptomic insight into the impacts
of mast cells in lung, breast, and colon cancers. Oncoimmunology 2017;
6:e1360457.
[23] Hu G, Wang S, Cheng P. Tumor-inﬁltrating tryptase+ mast cells predict
unfavorable clinical outcome in solid tumors. Int J Cancer 2018;142:
813-21.
[24] Cros J, Sbidian E, Posseme K, et al. Nestin expression on tumour vessels
and tumour-inﬁltrating macrophages deﬁne a poor prognosis subgroup
of pT1 clear cell renal cell carcinoma. Virchows Arch 2016;469:331-7.
[25] Guldur ME, Kocarslan S, Ozardali HI, Ciftci H, Dincoglu D, Gumus K.
The relationship of mast cells and angiogenesis with prognosis in renal
cell carcinoma. J Pak Med Assoc 2014;64:300-3.
[26] Tuna B, Yorukoglu K, Unlu M, Mungan MU, Kirkali Z. Association of
mast cells with microvessel density in renal cell carcinomas. Eur Urol
2006;50:530-4.
[27] Mohseni MG, Mohammadi A, Heshmat AS, Kosari F, Meysamie AP.
The lack of correlation between mast cells and microvessel density with
pathologic feature of renal cell carcinoma. Int Urol Nephrol 2010;42:
109-12.
[28] Chaput N, Svrcek M, Aupérin A, et al. Tumour-inﬁltrating CD68+ and
CD57+ cells predict patient outcome in stage II-III colorectal cancer.
Br J Cancer 2013;109:1013-22.
[29] Eiró N, Pidal I, Fernandez-Garcia B, et al. Impact of CD68/(CD3+CD20)
ratio at the invasive front of primary tumors on distant metastasis development in breast cancer. PLoS One 2012;7:e52796.
[30] Chew V, Tow C, Teo M, et al. Inﬂammatory tumour microenvironment
is associated with superior survival in hepatocellular carcinoma patients.
J Hepatol 2010:370-9.
[31] Yin-Xu Z, Xiao Mei L, Teng Z, Yu L, Jun Hua Z. Inﬂuence of tumor associated macrophages on biological function of SW620 cell. Zhongguo
Yi Xue Ke Xue Yuan Xue Bao 2011;33:71-5.
[32] Stein M, Keshav S, Harris N, Gordon S. Interleukin 4 potently enhances
murine macrophage mannose receptor activity: a marker of alternative
immunologic macrophage activation. J Exp Med 1992;176:287-92.
[33] Komohara Y, Hasita H, Ohnishi K, et al. Macrophage inﬁltration and its
prognostic relevance in clear cell renal cell carcinoma. Cancer Sci 2011;
102:1424-31.
[34] Daurkin I, Eruslanov E, Stoffs T, et al. Tumor-associated macrophages
mediate immunosuppression in the renal cancer microenvironment
by activating the 15-lipoxygenase-2 pathway. Cancer Res 2011;71:
6400-9.

