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Abstract: Among the more notable immunotherapies are checkpoint inhibitors, which prevent suppressive signal-
ing on T cells, thereby (re)activating them to kill tumor cells. Despite remarkable treatment responses to immune 
checkpoint blockade, with a subset of patients achieving complete responses, a large population have little-to-no 
response, dictating the necessity of further research in this field. Myeloid derived cells heavily infiltrate the tumor 
microenvironment (TME) of many cancers and are believed to have a number of potent anti-inflammatory effects. 
Here we use primary non-metastatic renal cell carcinoma to interrogate the gene expression profiles of M2-tumor 
associated macrophages (M2-TAMs). We performed Fluorescent Activated Cell (FACS) sorting on monocytes from 
the peripheral blood and tumors of fresh clear cell renal cell carcinoma (ccRCC) samples obtained after patients 
underwent a partial (7 patients-87.5%) or radical (1 patient-12.5%) nephrectomy. We then utilized NanoString gene 
expression profiling to show that TAMs express a heterogeneous transcriptional profile that does not cleanly fit into 
the traditional M1-M2 TAM paradigm. We identified expression of M1 associated costimulatory molecules, a mul-
titude of diverse chemokines, canonical M2 associated molecules, as well as factors involved in the Complement 
system and checkpoint receptors. Our data are in agreement with other published literature investigating TAMs in 
various non-ccRCC TMEs, and support the growing literature concerning expression of Complement factors and 
checkpoint receptors on TAMs. 
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Introduction

Renal cell carcinoma (RCC) is a common can-
cer in the United States with nearly 64,000 
newly diagnosed cases each year which encom-
passes several distinct subtypes, with clear cell 
renal cell carcinoma (ccRCC) being the most 
abundant [1]. While a partial or radical nephrec-
tomy for non-metastatic disease has a favor-
able 5-year survival rate, approximately one 
quarter of patients (25%) diagnosed with RCC 

already have metastatic disease [2]. Additiona- 
lly, RCC is often inherently resistant to chemo-
therapy and radiotherapy [3], and as such, there 
is a critical need to develop new therapies 
which are capable of treating both metastatic 
and localized disease.

Immunotherapy offers a unique and potent 
approach to cancer treatment by harnessing 
the patient’s immune system to control and 
even eliminate tumors. While there are many 
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approaches to enhancing the patients’ endog-
enous anti-tumor responses, immune check-
point inhibitors have risen as a clear leader in 
the field. Mechanistically, immunotherapy treat-
ments can promote tumor infiltration and cyto-
lytic activity by T cells by blocking key inhibitory 
receptors or ligands (CTLA-4, PD-1, LAG-3, TIM-
3, PD-L1, PD-L2), and are able to elicit potent 
and durable antitumor responses in subsets of 
patients treated with both single agents and 
combination therapies across several cancer 
types [4-7]. Despite this, not all patients will 
respond to checkpoint blockade therapy indi-
cating that there must be additional factors in 
the tumor microenvironment (TME) limiting 
inflammation and therefore reducing the effi-
cacy of immunotherapies.

One such mechanism of immunosuppression 
in the TME are M2-tumor associated macro-
phages (M2-TAMs). M2-TAMs have a variety of 
suppressive mechanisms including expressing 
inhibitory ligands, depleting critical nutrients in 
the TME, as well as secreting suppressive cyto-
kines such as TGF-β and IL-10 [8-10]. Despite 
this, there is much left unknown concerning 
other aspects of these cells in localized renal 
cell carcinoma, and which molecules should be 
modulated to specifically reduce their immune 
suppressive functions, increase the efficacy of 
other therapies or even potentially induce a 
potent anti-cancer inflammatory response. 
Many cancers, including RCC is heavily infiltrat-
ed by myeloid cells even in localized early stage 
disease [9, 11], indicating that these cells are 
likely playing a role in early tumor progression. 
Herein, we set out to determine the transcrip-
tional profiles of M2-TAMs in ccRCC that may 
reveal new potential therapeutic targets to 
improve patient outcomes.

Materials and methods

Patient samples 

Eight patients undergoing either a partial (7) or 
radical (1) nephrectomy were consented under 
the approved protocol number (IRB00033839) 
by the Johns Hopkins Internal Review board 
(IRB). Four patients were of African-American 
descent (50%) and four patients were of Cau- 
casian descent (50%). These patients were 
treatment naïve, as such that these patients 
had not undergone any previous treatment for 
their disease prior to surgery. At the time of sur-

gery, 30 mL of matched patient whole blood 
was obtained in heparinized syringes to prevent 
clotting. The sample was sent straight from the 
operating room to surgical pathology, where 
the diagnosis was confirmed and a sample was 
obtained for research purposes within hours of 
surgery. 

Whole blood processing

Whole blood was obtained pre-surgery in hepa-
rinized syringes to prevent clotting. 15 mL of 
whole blood was aliquoted per 50 ml conical 
tube (Falcon, Cat # 352098), with 20 mL of 1X 
PBS (Quality Biological, Cat # 114-058-101) 
added to each tube, and finally an additional 15 
mL underlay of Ficoll-Paque PLUS density gradi-
ent media (GE Healthcare Life Sciences, Cat # 
17144003) for a total volume of 50 mL. 
Samples were centrifuged at 2000 rpm (845 
rcf) for 25 minutes at room temperature and 
allowed to stop without breaks. Peripheral 
blood mononuclear cells (PBMCs) were isolated 
and combined into a single 50 mL tube and 
washed in 1X PBS prior to being counted on a 
hemocytometer. Samples were resuspended in 
50 ml of complete media (cMedia = RPMI 1640 
+ 10% FBS + 1% MEM Nonessential Amino 
Acids + 1% Glutamine + 1% Pen/Strep) and 
stored on a rocking unit at room temperature 
until downstream application.

Tissue processing 

Fresh tissue was digested using the Human 
Tumor Dissociation Kit (Miltenyi Biotec, Cat # 
130-095-929) and the gentleMACS Octo 
Dissociator (Miltenyi Biotec, Cat # 130-096-
427). The resulting single cell suspension was 
passed through a 100 uM cell strainer and 
washed with 1X PBS, after which it was resus-
pended in cMedia.

Flow cytometry and flow sorting

Both PBMCs and TME samples were washed in 
1X PBS, spun down at 1300 RPM for 10 min-
utes and then resuspended in 1X PBS and plat-
ed into a 96-well u-bottom plate respectively. 
Samples were stained for viability using LIVE/
DEAD Fixable Aqua Dead Cell Stain Kit (Th- 
ermoFisher Scientific, Cat # L34957) at a dilu-
tion of 1:1000 for 30 minutes at room tempera-
ture in the dark. Cells were then brought up to a 
final volume of 200 uL with PBS, spun down 
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and resuspended in 100 uL of an antibody 
mastermix containing the following surface 
markers; CD45-APC-Cy7 1:10 (BD Biosciences, 
Cat # 557833), CD3-AF700 1:20 (BD Bio- 
sciences, Cat # 557943), CD11b-FITC 1:20 (BD 
Biosciences, Cat # 562793), CD11c-PE-Cy7 
1:50 (BD Biosciences, Cat # 557833), CD14-
PerCP-Cy5.5 1:50 (BD Biosciences, Cat # 
561356), CD33-APC 1:50 (BD Biosciences, Cat 
# 557918), HLA-DR-BV605 1:10 (BD Bioscien- 
ces, Cat # 560359), and CD15-PE (Biolegend, 
Cat# 301906). Cells were washed in 1X PBS 
and sorted on the BD FACSARIA II flow cytome-
ter. They were then FACS sorted directly into 1.7 
mL tubes containing 800 uL of Trizol LS (Th- 
ermoFisher Scientific, Cat # 10296028), and 
stored at -80°C until RNA isolation. Data was 
analyzed using FlowJo Software (Tree Star, Mac 
version 9.9.4).

RNA isolation

Trizol tubes were allowed to thaw at room tem-
perature for ~10 minutes. Exactly 160 μL of 
chloroform was then added to each tube which 
were then mixed by inversion for 15 seconds 
each. Samples were centrifuged at maximum 
speed for 20 minutes at 4°C. The chloroform 
layer was carefully removed and transferred to 
a new, RNAse free 1.7 mL tube (Thomas 
Scientific, Cat # C2170), with extreme care 
being taken not to disturb the Trizol layer. Once 
completed, 400 uL of 100% isopropanol and 2 
μL of molecular grade glycogen (ThermoFisher 
Scientific, Cat # R0561) were then added to 
each sample respectively. Samples were mixed 
by inversion for 15 seconds, and allowed to 
incubate at room temperature for 10 minutes. 
Samples were centrifuged for 10 minutes at full 
speed at 4°C. Supernatant was removed and 
discarded with care not to disturb the glycogen 
pellet. The pellet was then washed with 70% 
EtOH, dislodging the pellet from the tube, but 
not attempting to resuspend it. Samples were 
then centrifuged at full speed at 4°C for 10 
minutes. Supernatant was removed and dis-
carded, and the remaining 70% EtOH was 
allowed to evaporate at room temperature for 
15 minutes. The pellet was then resuspended 
in 10 μL of RNAse/DNAse free molecular grade 
water, and tested via bioanalyzer for RNA 
quality.

Amplification and Nanostring

RNA samples underwent cDNA conversion and 
subsequent amplification using the NuGEN 

Ovation Pico WTA System V2 which has an 
input range of 500 pg to 50 ng (NuGEN 
Technologies, Cat # 3302-12). In brief: total 
RNA is converted to cDNA, after which amplifi-
cation is initiated at the 3’ ends, as well as at 
random sites throughout the transcriptome. 
This allows amplification of both high quality 
and degraded RNA samples.

The cDNA samples were analyzed using the 
nCounter PanCancer Immune Profiling Panel 
(NanoString Technologies, Seattle, WA, USA), 
which measured the expression of 770 immu-
nologically relevant genes. Briefly; cDNA sam-
ples were hybridized overnight to barcoded 
gene specific probes, after which hybridized 
cDNA/Probe complexes were processed by the 
NanoString Prep Station and bound to the 
nCounter Cartridge, and finally the cDNA/Probe 
complexes were oriented on the cartridge and 
imaged by the nCounter Digital Analyzer for bar-
code identification of transcripts. Samples 
were run at the SKCCC Immune Monitoring 
Core facility. Data files were analyzed using the 
nSolver software, version 4.0 and R v.3.3.2 for 
the Advanced analysis 2.0. To correct for back-
ground levels and prevent artificially high fold-
change results, a background threshold was 
applied to substitute all raw counts at or below 
threshold to the threshold value of 100 counts. 
The geometric mean of 6 housekeeping genes 
provided by the company panel was calculated 
and used to normalize expression values. Due 
to irreconcilable quality control issues during 
data analysis, the sample 3 PBMC monocyte 
data was not included during these analyses. 

Results

Circulating monocytes and ccRCC infiltrating 
macrophages have distinct transcriptional 
profiles

To investigate the transcriptional profiles of 
Clear Cell Renal Cell Carcinoma (ccRCC) patient 
matched FACS sorted peripheral blood mono-
cytes and Tumor Associated Macrophages 
(TAMs) were analyzed using NanoString 
nCounter PanCancer Immune Profiling Panel 
(Figure 1). Using unsupervised gene and sam-
ple clustering, we generated a heatmap of the 
global data set. As expected, the unsupervised 
clustering resulted in distinct separation of 
peripheral blood monocytes samples from  
TAM samples, indicating expression of different 
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Figure 1. Monocytes and TAMs can be effectively isolated from patient matched whole blood and nephrectomy samples. Whole blood and tumor tissue were ob-
tained upon patient nephrectomy and processed by Ficoll-Paque Plus density centrifugation to obtain PBMCs or enzymatic digestions to obtain whole TME single 
cell suspensions respectively. The single cell suspensions were then labeled with fluorophore tagged antibodies and underwent FACS to isolate pure Monocyte and 
Macrophage populations. RNA was extracted from the Monocyte and Macrophage populations, amplified, and analyzed by using the NanoString Pan Immune Profil-
ing panel. 
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transcriptional profiles in these myeloid popula-
tions (Figure 2A). We then further character-
ized those differences using Nanostring path-
ways analysis (Figure 2B). As expected, we 
found that macrophages isolated from the 
tumor had a higher adhesion score on average 
than their counterparts in circulation (P<0.001). 
Similarly, chemokine (P<0.001), cytokine 
(P<0.001) and interleukin (P=0.004) gene 
expression scores were upregulated in tumor, 
indicating a phenotype characterized by more 
active inter-cellular signaling. Other scores that 
were also increased included those of cell cycle 
(P<0.001), cell function (P<0.001), macro-
phage functions (P<0.001), pathogen defense 
(P=0.009), regulation (P<0.001), senescence 
(P<0.001) and the TNF superfamily (P<0.001). 
Interestingly, we observed no difference in 
expression scores associated with antigen pro-
cessing (P=0.867), cytotoxicity (P=0.232), TLR 
(P=0.094) or transporter functions (P=0.463) 
(Supplementary Table 1).

Monocyte and TAM differentially expressed 
genes can be classified within six broad 
groups

We identified specific genes that are differen-
tially expressed between the two subsites; 61 
genes met statistical significance (Figure 3A, 
3B; Supplementary Table 2). Upon closer exam-
ination of the data, we excluded TNFRSF12A 
and DPP4 from interpretation as their expres-
sion levels were below threshold in 14/15 sam-
ples and significance was being skewed by a 
single highly expressing sample. We then 
broadly classified the remaining genes into  
six groups: adhesion, cytokines/chemokines, 
inhibitors, surface receptors, transcription fac-
tors and a miscellaneous group for the remain-
ing genes which did not fit a distinct group or 
pattern (Supplementary Figure 1). All identified 
genes were upregulated in tumor compared to 
blood, with the exception of PPBP, encoding 
pro-platelet basic protein (CXCL7), and CASP8, 
encoding caspase 8, which were significantly 
downregulated. 

TAMs express increased levels of cell adhesion 
molecules 

Among the upregulated adhesion molecules, 
ALCAM, ICAM-1, ICAM-4, CD58 (LFA-3), CLEC5A 
(C-type lectin), CD9, ITGA6, and ITGAX (CD11c) 
are known to be expressed by macrophages 

and play a role in cell-cell adhesion and/or 
adhesion to the extracellular matrix (ECM). 
Among the ECM components, gene expression 
of FN1 (fibronectin) and THBS1 (thrombospon-
din I) were also upregulated in tumor compared 
to blood. Other genes encoding secreted pro-
teins included A2M, a proteinase inhibitor, and 
PLAU (urokinase). PLAUR, encoding urokinase 
plasminogen activator receptor, which in addi-
tion to ECM remodeling, has been reported to 
regulate macrophage adhesion and migration 
through ECM interaction was similarly upregu-
lated [12]. Altogether, these results likely result 
in enhanced interaction within the ccRCC TME. 

TAMs express a multitude of surface recep-
tors, indicating heterogeneous function

We then assessed differential expression of 
additional surface molecules with non-adhe-
sive functions. In the TAM group, there was 
increased expression of costimulatory CD40 
and CD80 molecules, which mediate activa-
tion/proinflammatory signaling in antigen pre-
senting cells (APCs) and T cells respectively. 
There was also upregulated expression of AXL 
(AXL Receptor Tyrosine Kinase) which when 
dimerized by ligand binding results in down-
stream activation of the PI3K pathway. 
Additionally, there was increased expression of 
molecules which have been associated with an 
M2-TAM phenotype; the scavenger receptor 
MSR1 (CD204) and the iron uptake receptor 
TFRC. We found increased expression of the 
inhibitory receptor HAVCR2 (TIM3) which is 
commonly discussed in the context of lympho-
cytes but has been reported on suppressive 
myeloid cells too [13]. We also observed an 
increased expression of the innate immune 
system pathogen recognition receptor, TLR2, 
and THBD (CD141), which has been described 
on dendritic and other myeloid cells. 

TAMs express both pro and anti-inflammatory 
cytokines and chemokines

We then examined differentially expressed cy- 
tokines and chemokines. As expected, there 
was upregulation of both pro and anti-inflam-
matory molecules. Among the pro-inflammato-
ry interleukins upregulated were IL-1B and 
IL-18. We also noted upregulation in chemo-
kines involved in proinflammatory cell recruit-
ment such as, CXCL2, CXCL9, CXCL11, CCL4 
(MIP1B), CCL20 (MIP3A). Conversely, the immu-
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Figure 2. Using unsupervised clustering and differentially expressed pathways, monocyte and macrophage popula-
tions display unique transcriptional signatures. Monocyte and Macrophage populations were allowed to cluster in 
an unsupervised manner (A). NanoString Advanced Analysis graphical display of pathway scores. Boxplot represen-
tation of pathway scores with significance [P>0.05 = Not Significant (NS), P<0.05 = *, P<0.01 = **, P<0.001 = 
***, P<0.0001 = ****] (B). 
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nosuppressive molecule IL10 was upregulated, 
as well as expression of chemokines associat-
ed with poor overall survival and recurrence of 
nonmetastatic ccRCC, namely CXCL1 [27] and 
CCL2 (MIP2) [18, 26]. Additionally, we noted 
increased expression of VEGFA, a potent induc-
er of angiogenesis, and SPP1 (osteopontin), 
which in addition to helping osteoclasts bind 
hydroxyapatite in bone, reportedly functions as 
a cytokine upregulating IFN-y and IL-12 produc-
tion [14]. Additionally, TAMs upregulated sever-
al key chemotactic and inflammatory signaling 
receptors including CCR5, CXCR4, IL1R1, ILR2 
and IL7R.

TAMs are likely signaling through NF-kB, how-
ever regulatory factors may be limiting this 
signaling

As transcription factors (TF) play a direct role in 
driving transcription of specific genes, we then 
investigated which TF may be active in these 
populations. We identified increased expres-
sion of several critical factors involved in NF-kB 
mediated signaling in TAMs including NFkB sub-
units: REL, NFKB1 (p50) and NFKB2 (p52). 
Similarly upregulated were RIPK2, a strong acti-
vator of NF-kb that is known to play a role in 
both innate and adaptive immune responses 
as well as drive apoptosis, and Caspase 8 
which, as a zymogen, induces NF-kB nuclear 
translocation in immune cells in response to 
stimulation and in its cleaved form acts in the 
apoptotic pathway. We also observed increased 
expression of NFATC2, a pro-inflammatory tran-
scription factor with a REL homology region 
similar to NFkB subunits. RRAD, a gene report-
edly induced by NFkb was similarly upregulat-
ed. On the other hand, TANK and TNFAIP3 both 
of which inhibit activation of NFkB signaling, as 
well as SMAD2 and SMAD3, both of which are 
part of the anti-inflammatory response in mac-
rophages were among the upregulated TF. 
Interestingly, expression of anti-apoptotic BCL2 
was increased in TAMs.

TAMs differentially express genes generically 
associated with the innate immune system

The differential analysis provided several addi-
tional genes of interest which were upregulated 

in TAMs, which did not distinctly belong to the 
groups described above. These genes include 
three members of the complement system 
(C1QA, C1QB and C3) as well as ADA (adenos-
ine deaminase) which cleaves the lymphoto- 
xic deoxyadenosine generated from DNA brea- 
kdown, NLRP3, CTSL (cathepsin L), PTGS2 
(COX2), MAPK8, and DUSP4. NLRP3 inflamma-
some has been associated with M2-polarization 
of macrophages. Although MAPK8 was upregu-
lated, DUSP4 which deactivates members of 
MAPK pathway through dephosphorylation, 
also had upregulated expression.

Discussion

Macrophages are a plastic innate cell type that 
are capable of responding to and modulating a 
large number of unique environments. Two 
polarization states have been explored exten-
sively; namely the classically activated pro-
inflammatory M1 macrophage, and the alterna-
tively activated immunosuppressive M2 macro-
phage. However, recent work has identified 17 
unique macrophage polarization statuses with-
in the tumor microenvironment (TME) [19], with 
even more likely to be identified in the future. 
Our data support a role for a heterogeneous 
population of macrophages in the TME of 
human clear cell renal cell carcinoma (ccRCC) 
that do not fit simply within the traditional 
M1-M2 paradigm. 

These TAMs are transcriptionally unique when 
compared to circulating monocytes FACS sort-
ed on the same surface receptors; for example, 
the TAMs express much higher levels of cellular 
adhesion molecules, which is to be anticipated 
from a population of cells infiltrating the tumor 
microenvironment. However, despite increased 
chemokine, cytokine and interleukin pathway 
scores, the TAM population had no difference 
in scores for antigen-processing and cytotoxic-
ity, indicating that these cells are likely not 
directly stimulating T cells or directly killing can-
cer cells. 

They also expressed some expected molecules 
which are associated with immunosuppressive 
macrophages (M2-TAMs), including FN1 which 
has been shown to have a positive correlation 

Figure 3. Macrophages isolated from RCC express a heterogeneous set of differentially expressed genes. Monocyte 
(N=7) and Macrophage (N=8) absolute probe counts for differentially expressed genes (A). Monocyte (N=7) and 
Macrophage (N=8) Log2 Fold Change for differentially expressed genes (B).
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with CD163 expression [21], the suppressive 
cytokine IL-10 [21], the macrophage scavenger 
receptor MSR1 (CD204) and iron uptake recep-
tor TFRC. Interestingly, our data also indicate 
expression of HAVCR2 (TIM3) on ccRCC intratu-
moral macrophages, which corroborate other 
studies which have shown expression of HA- 
VCR2 (TIM3) on ccRCC TAMs is correlated with 
a shorter progression free survival, increased 
proliferation of cancer cells, as well as in- 
creased resistance to Rapamycin and Sunitnib 
[17]. This is of particular interest, as TIM3 is 
most commonly referred to in the context of 
lymphocytes, and is known to be a late stage 
suppressive receptor on T-cells. This may be an 
important factor to consider in studies investi-
gating the effect of agonistic or antagonistic 
TIM-3 antibodies on tumor infiltrating immune 
cells.

Besides M2 markers, the TAM population ex- 
pressed both CD80 and CD40 which are cru-
cially involved with activation of T cells and 
APCs, as well as CXCL2, CXCL9, CXCL11, CCL4 
(MIP1B), CCL20 (MIP3A), which are commonly 
associated with trafficking of inflammatory im- 
mune cells to the site of inflammation. Despite 
this, the TAMs were also expressing IL-10, which 
has been well characterized as a suppressive 
cytokine, as well as both CXCL1 [27] and CCL2 
[18, 26], which have been associated with poor 
overall survival and recurrence of disease in 
non-metastatic ccRCC. The argument for a par-
tially inflammatory TAM is further corroborated 
by additional data indicating that these cells 
are expressing RNA transcripts for several 
members of the NF-kB family, as NF-kB signal-
ing in macrophages is well established as pro-
inflammatory. These findings indicate that the 
TAM population found in the TME is not solely 
providing immunosuppressive signaling, how-
ever any anti-tumor response caused by 
increasing the inflammatory cell compartment 
of the TME is still limited. A study using single 
cell RNA-seq in non-small cell lung cancer 
(NSCLC) confirmed that myeloid cells exist in 
various states of differentiation and branch 
from monocytes towards M1 or M2 TAMs. 
Those data are in agreement with ours, indicat-
ing that myeloid cells differentiating towards 
M1 will express CXCL2 and IL-1B, and myeloid 
cells differentiating towards M2 will express 
MRC1(CD206) [15]. Our data indicated expres-
sion of a mix of M1 and M2 molecules, which is 

likely due to the heterogeneous nature of the 
TME of ccRCC and that our analysis was based 
on bulk sorted TAMs, not scRNA seq.

Our data also indicate production of Com- 
plement factors (C1QA, C1QB, C3) by TAMs, 
which is supported by other groups as well. We 
saw an increase in C1QA and C1QB, which has 
a negative prognostic effect in lung adenocarci-
noma and ccRCC [24], and has been seen to 
promote angiogenesis and immunosuppres-
sion; additionally, C1Q+ expression positively 
correlates with CD163+ expression on macro-
phages, indicating that it is being expressed by 
M2-TAMs [20]. These data highlight the multi-
faceted effect that TAMs can have in the TME, 
and supports their value as a therapeutic 
target. 

Collectively, these data display a heteroge-
neous role for macrophages infiltrating early 
localized human ccRCC, and strongly support 
the understanding that the TAM population in 
ccRCC are not homogenously immunosup- 
pressive. With appropriate immunomodulation, 
TAMs in the ccRCC TME likely have the potential 
to drive a more potent anti-tumor response, 
especially in the context of combination with 
checkpoint blockade.
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Supplementary Table 1. Monocyte and Macrophage pathway scores and significance
PBMC Monocyte Tumor TAM

Sample 
1

Sample 
2

Sample 
4

Sample 
5

Sample 
6

Sample 
7

Sample 
8

Sample 
1

Sample 
2

Sample 
3

Sample 
4

Sample 
5

Sample 
6

Sample 
7

Sample 
8 P-value Asterisks

Adhesion -1.0558 -1.1075 -1.4722 -2.5805 -1.3310 -1.6665 -2.7233 1.8118 1.3656 0.7034 0.3974 1.2242 0.8501 1.4421 4.1421 0.0003 ***

Antigen Processing 1.3941 -0.9404 2.2201 -2.5763 -1.6186 0.6180 -0.2640 3.2933 0.2903 -1.4694 1.0259 -0.9741 -0.9864 -0.8631 0.8507 0.8665 NS

B-Cell Functions -1.3269 0.0729 -1.3600 -1.7395 -1.5934 -1.0021 -1.3989 0.9962 2.2389 1.3469 0.2803 0.6312 -0.2887 0.7839 2.3594 0.0006 ***

Cell Cycle -0.9866 -1.9289 -0.4710 -2.0703 -2.5522 -1.2858 -0.9698 1.6875 1.4784 1.4947 -0.4209 1.7464 1.1728 0.4946 2.6111 0.0003 ***

Cell Functions -1.3873 -2.2132 -1.6915 -1.0335 -2.8186 -0.6580 -4.7132 1.7577 1.5950 1.2140 0.8685 1.0351 1.1991 2.2192 4.6265 0.0003 ***

Chemokines -3.0916 0.0483 -3.6167 -5.6430 -3.3137 -1.4837 -5.7379 2.3189 4.3454 3.1289 2.1041 2.2490 3.2177 1.5176 3.9568 0.0003 ***

Cytokines -3.0177 -0.0432 -4.1333 -5.0591 -2.9709 -0.6737 -3.6281 3.1075 3.4547 2.3399 -0.3614 2.2355 3.0996 0.5654 5.0850 0.0006 ***

Cytotoxicity -0.8177 -0.2629 0.6824 -0.6454 0.1653 1.4981 1.8354 0.7701 -0.5162 -1.5511 -0.8626 -0.8928 -0.4730 -0.5009 1.5713 0.2319 NS

Interleukins -1.8663 2.3024 -2.9319 -4.2052 -3.1295 -1.3276 -3.4415 1.6879 2.4874 2.5988 0.0576 1.8014 2.3689 0.4498 3.1476 0.0037 **

Macrophage Functions -1.2108 -0.8132 -0.6709 -1.5883 -1.5562 -1.0334 -1.6055 0.6783 2.0574 1.2041 0.0222 1.0221 -0.1263 0.3050 3.3154 0.0003 ***

NK Cell Functions -0.0979 -0.0460 -0.9773 -0.9133 -0.6760 -2.2328 -2.5874 0.2731 2.2745 -0.3817 1.3066 0.7216 1.3824 0.6385 1.3158 0.0012 **

Pathogen Defense -1.5720 1.3026 -1.5992 -3.2375 -0.9933 0.2439 -1.5532 2.2687 1.3128 0.6544 -0.2925 0.2558 1.3215 -0.1584 2.0466 0.0093 **

Regulation -3.0260 -1.2138 -3.4330 -6.2974 -4.3839 -3.3938 -6.2514 3.5748 4.8340 3.1101 1.4933 4.0083 2.2227 2.3823 6.3738 0.0003 ***

Senescence -2.3141 -0.4213 -1.5132 -1.9636 -1.6057 -1.7148 -1.7185 -0.0811 2.2419 1.3659 0.7293 1.2969 1.9690 0.9321 2.7970 0.0003 ***

T-Cell Functions -2.2610 -1.0323 -2.4822 -4.1559 -2.9366 -0.1883 -2.8269 2.4046 3.8089 1.9163 0.6983 0.8491 0.8640 1.5177 3.8242 0.0003 ***

TLR 0.8058 -0.7034 0.6983 1.1861 0.2070 0.6505 0.1114 -0.0198 0.5821 -0.4519 -1.4334 -1.5281 -0.1718 -2.5368 2.6040 0.0939 NS

TNF Superfamily -2.1029 -0.3065 -2.0721 -3.2043 -1.4361 -1.6322 -0.6035 0.1752 1.3875 1.5592 0.2849 1.5877 1.3134 0.9862 4.0634 0.0003 ***

Transporter Functions -0.7342 -0.4820 -0.3050 -0.6891 0.5932 0.6318 2.2697 0.4090 0.0587 -0.9276 -2.5508 -1.5788 1.5360 -2.4398 4.2089 0.4634 NS



Nanostring analysis of human renal cell carcinoma

2 

Supplementary Table 2. Monocyte and Macrophage normalized absolute gene expression levels and significance
PBMC Monocyte Tumor TAM

Probe 
Name

Sample 
1

Sample 
2

Sample 
4

Sample 
5

Sample 
6

Sample 
7

Sample 
8

Sample  
1

Sample  
2

Sample 
3

Sample 
4

Sample 
5

Sample 
6

Sample 
7

Sample  
8 P-Value Aterisk 

CXCR4 61531.39 12199.32 41868.19 34865.9 27862.19 56974.68 32859.38 100709.29 130051.44 92411.95 79525.76 70051.43 49654.31 86872.96 134298.58 0.0429 *

IL1B 11058.84 46640.93 11309.56 2732.56 6394.84 9100.23 4036.34 52409.08 72597.88 49989.59 18024.8 31804.07 45976.52 18692.78 109931.34 0.0365 *

ICAM1 9122.28 14217.88 2367.91 2958.06 5790.98 13609.03 4079.67 35518.45 37564.26 29229.46 17102.38 18603.96 23531.5 17203.73 44857.86 0.0303 *

CXCL2 4069.52 15496.82 1241.23 950.72 408.09 1477.07 100 21195.86 37071.97 15110.02 9980.32 15098.25 19020.58 9455.59 53157.34 0.0303 *

PLAUR 4530.6 3466.1 1332.88 979.67 3705.98 1479.57 1407.34 10423.04 21154.61 11288.57 7471.48 8425.3 15854.22 6714 39643.85 0.00462 **

TNFAIP3 3782.09 9320.57 978.24 662 1667.59 708.49 1681.23 7986.32 11874.26 8287.75 7586.08 8653.96 10236.78 6962.58 17435.31 0.0227 *

TLR2 3027.59 3762.49 3766.53 3453.99 3562.01 5582.81 3396.5 9697.49 7708.58 7303 6456.93 8477.22 10175.5 9737.96 15453.68 0.0305 *

NFKB1 1647.93 2973.01 828.82 1503.02 1341.32 2440.91 1582.97 7372.59 9563.07 13584 2312.23 6212.64 6866.55 4534.73 23696.65 0.0107 *

THBS1 675.46 229.32 318.78 100 100 100 169.44 6523.5 2166.86 8776.64 475.25 6544.14 11648.5 2117.73 24766.57 0.00126 **

C1QB 3579.69 100 371.57 959.1 100 100 100 6423.38 6053.78 5524.39 18669.71 11620.49 816.63 13722.44 100 0.0408 *

PTGS2 2461.11 5478.32 2794.27 957.58 893.87 2420.89 823.21 10841.73 11344.41 8436.75 5803.04 5095.32 4210.43 2921.39 13596.37 0.0327 *

TANK 2560.51 3777.9 2111.89 2990.81 1955.53 1699.88 1543.51 8696.27 9300.12 5530.21 2638.05 3518.7 7125.79 2347 21262.94 0.026 *

CCL4 287.43 16010.75 100 100 135.69 100 100 6610.62 9535.39 4448.85 5292.95 6191.67 4867.98 2566.62 9290.29 0.0217 *

REL 1744.93 2878.75 629.58 1097.75 1031.63 1339.37 464.21 5550.9 5688.02 6944.49 3807.65 3969.02 3167.54 3622.47 9350.57 0.00772 **

CD58 1443.13 1998.62 2636.87 3576.63 1493.58 605.85 1999.99 6016.4 4438.51 4560.59 1176.34 4603.06 2026.85 2759.69 9960.88 0.0408 *

SPP1 100 100 100 100 100 100 100 100 1656.78 980.1 3124.54 100 1058.2 20874.46 2030.6 0.000457 ***

SMAD3 1211.99 466.8 685.37 634.58 629.75 100 644.48 7143.74 6435.35 1695.96 797.71 1236.14 758.89 1915.01 9286.52 0.0103 *

CD40 3227.59 414.23 227.13 817.41 1175.6 761.06 680.85 2657.77 7396.21 2337.33 3006.57 1371.93 2247.21 2910.53 4490.68 0.0231 *

FN1 100 100 100 358.81 100 100 100 557.82 2208.38 1242 6840.06 775.83 1280.92 6477.49 6886.72 0.000457 ***

MSR1 1852.72 206.66 1178.47 845.59 100 100 100 1742.38 5448.79 2740.08 4237.96 2245.62 650.48 3738.31 2252.88 0.0324 *

CCL20 100 1699.51 100 100 100 100 100 148.23 3552.79 6156.45 575.25 1800.29 5842.52 888.12 3669.4 0.0227 *

BCL2 657.49 177.66 1067.9 754.94 319.02 320.45 1643.32 1126.04 5211.55 1705.28 1835.85 2086.85 1338.66 3433.02 5711.31 0.025 *

VEGFA 119.76 100 100 310.05 239.26 816.14 100 3367.73 5620.8 3088.12 2316.72 1938.08 1910.19 2389.24 945.61 0.00533 **

SMAD2 956.9 464.99 566.82 433.46 1481.15 100 100 3393.73 838.28 271.21 917.92 100 1669.8 995.52 12127.11 0.0408 *

A2M 100 100 100 100 100 100 100 100 4377.23 1039.46 3459.35 1060.4 639.87 5451.81 3514.94 0.000457 ***

NLRP3 449.11 1677.76 436.32 100 562.42 1036.45 525.34 1638.35 3060.5 3004.31 662.88 2700.93 2350.91 1671.26 2995.04 0.0498 *

ITGAX 1227.56 501.24 362.61 246.06 466.1 580.81 177.95 2971.14 2625.54 4155.52 1050.5 1010.48 2066.92 2419.41 1066.16 0.00505 **

C1QA 1600.02 303.65 100 326.05 100 100 100 863.39 3058.52 2738.92 4240.21 2660.99 216.83 3372.69 100 0.0303 *

HAVCR2 347.31 171.31 500.08 289.48 641.14 327.96 100 388.78 1812.97 2110.35 2352.67 726.9 1977.36 1901.74 5707.54 0.00533 **

CTSL 772.47 100 533.95 499.74 215.44 100 318.76 910.2 2313.17 741.47 1223.53 813.77 2031.56 3803.47 4648.91 0.00533 **

CCR5 566.47 484.02 272.95 431.18 175.04 533.25 311.02 2701.98 4432.58 1666.86 1406.66 576.13 494.93 1037.75 3620.43 0.0122 *

THBD 137.73 100 100 100 100 100 100 808.77 1805.06 2458.39 123.59 644.03 1458.86 714.36 5221.55 0.0024 **

RIPK2 1143.73 1640.59 834.79 294.05 763.36 500.7 312.57 3084.26 2046.26 1331.63 2284.14 1133.29 1098.27 1257.37 843.89 0.0365 *

DUSP4 100 100 100 100 100 100 100 2699.38 3299.72 3559.54 613.45 534.19 263.96 1102.91 100 0.00168 **

IL18 1225.17 711.53 221.15 851.69 422.59 498.2 141.59 334.17 2625.54 970.78 1378.57 942.58 1118.3 1613.34 1525.78 0.0408 *

CXCL1 100 164.97 100 100 259.98 100 100 367.98 2004.75 556.4 503.34 333.5 1901.94 1531.28 1717.91 0.00316 **

PLAU 100 100 100 100 100 100 100 293.86 3558.72 731 1620.13 665 332.31 1462.5 100 0.0024 **
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CLEC5A 726.96 100 100 100 259.98 100 100 656.64 1128.9 1343.27 871.86 141.79 814.28 1476.98 1966.56 0.0212 *

IL1R1 100 100 100 100 100 100 100 100 359.83 846.24 100 1017.47 655.19 596.1 4004.7 0.0024 **

ADA 586.83 454.11 376.55 362.62 218.55 332.97 301.74 980.41 1366.15 827.61 269.65 389.41 943.9 1018.44 1424.06 0.0327 *

TFRC 131.74 171.31 183.3 201.88 123.26 100 100 352.38 100 838.09 910.06 1471.78 312.28 698.67 2124.79 0.00533 **

ALCAM 323.36 177.66 137.47 100 263.09 100 100 806.17 199.68 178.09 419.08 506.24 100 587.66 3187.18 0.0384 *

C3 100 100 100 100 100 100 100 100 1700.28 264.23 1604.4 100 100 1773.83 100 0.00533 **

NFATC2 100 100 263.99 100 168.83 100 100 1024.62 648.48 373.65 805.57 743.88 603.34 993.1 100 0.00533 **

IL7R 132.94 100 100 100 162.62 100 100 100 1708.19 533.12 199.99 239.64 100 181 1695.31 0.0384 *

IL1R2 100 100 100 100 100 100 100 218.45 316.33 100 100 307.54 810.74 100 2689.89 0.00736 **

CXCL11 100 100 100 100 100 100 100 230.15 2720.44 100 1146 100 100 100 100 0.0437 *

RRAD 100 100 100 100 100 100 100 244.45 579.28 253.75 276.39 100 453.68 225.65 2456.31 0.0147 *

NFKB2 100 190.35 100 100 136.72 100 100 327.67 251.09 126.88 100 184.72 266.32 100 2546.73 0.0365 *

ITGA6 192.82 100 100 100 100 100 100 100 100 100 361.78 100 100 368.04 2335.76 0.031 *

IL10 100 100 100 100 100 100 100 100 850.14 728.67 211.22 100 972.18 243.75 100 0.00462 **

AXL 100 100 144.45 100 100 100 100 141.73 733.49 180.42 383.12 429.35 100 619.03 100 0.0107 *

MAPK8 100 100 100 100 100 100 100 200.24 100 100 100 482.27 100 100 1224.39 0.0408 *

CASP8 2812.02 503.96 1176.48 1391.04 1024.38 610.85 1605.41 100 415.18 199.05 450.54 283.57 532.64 252.2 100 0.0415 *

CXCL9 100 100 100 100 100 100 100 618.93 421.12 171.11 387.62 120.82 168.51 183.42 100 0.00533 **

ICAM4 100 100 100 100 100 100 100 100 369.71 187.41 100 184.72 100 100 828.82 0.0498 *

CD80 100 100 100 100 100 100 100 100 100 167.62 261.78 143.78 100 100 621.61 0.0365 *

CD9 100 115.11 100 100 119.11 100 100 100 421.12 152.49 253.92 100 100 353.56 100 0.0327 *
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Supplementary Figure 1. Macrophage differentially expressed genes. Macrophage (N=8) Log2 Fold Change for differentially expressed genes represented by gene 
classification grouping. 


