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Purpose: The intratumoral microenvironment of head and neck squamous cell carcinoma 
(HNSC) is highly immunosuppressive. In this study, we explored the potential functional role of 
HSPA12B secreted by tumor-associated endothelial cells (TECs) in M2 polarization of 
macrophages.
Materials and Methods: Bulk-seq data from TCGA-HNSC and single-cell RNA-seq data 
from GSE103322 (with over 5000 cells from 18 primary HNSC cases) were used for 
bioinformatic analysis. RAW264.7 cell line was used for in vitro studies.
Results: TECs in HNSC had significantly higher expression and secretion of HSPA12B, 
compared to normal human umbilical vein endothelial cells (HUVECs). Exogenous 
HSPA12B treatment increased the expression of M2 macrophage marker CD163 and 
CD206 on RAW264.7 cells in a dose-dependent manner but had no significant influence 
on CD86, an M1 macrophage marker. OLR1, a known receptor of HSP70 proteins, was 
specifically expressed in tumor-associated macrophages (TAMs) in HNSC. OLR1 knock-
down significantly impaired HSPA12B uptake by RAW264.7 cells and weakened HSPA12B- 
induced CD163 and CD206 upregulation. HSPA12B treatment increased the expression of 
p-PI3K, p-Akt and p-mTOR in a dose-dependent manner in RAW264.7 cells. OLR1 inhibi-
tion and LY294002 treatment significantly weakened the effects HSPA12B on activating the 
PI3K/Akt/mTOR signaling and M2 marker expression.
Conclusion: Based on these findings, we speculated that aberrantly expressed and secreted 
HSPA12B by TECs could be taken by macrophages partly via OLR1, leading to subsequent 
activation of the PI3K/Akt/mTOR signaling pathway and elevated expression of M2 mar-
kers. This mechanism shows a novel cross-talk between TECs and TAMs, which contributes 
to the intratumoral immunosuppressive microenvironment.
Keywords: HSPA12B, OLR1, head and neck squamous cell carcinoma, macrophage 
polarization

Introduction
Head and neck squamous cell carcinoma (HNSC) is a group of heterogeneous tumors 
that originated from different anatomic sites, including the tonsil, oral cavity, hypo-
pharynx, oropharynx, nasopharynx or larynx. The microenvironment of HNSC is 
highly immunosuppressive, with significantly increased myeloid-derived suppressor 
cells (MDSCs), regulatory T cells (Tregs), as well as dysfunctional effector CD8+ 

T cells.1 Currently, immune-checkpoint inhibitors (ICI) targeting CTLA4, PD-1, and 
PD-L1 have shown great survival benefits for multiple types of cancers, including 
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HNSC.2,3 However, the overall response rate is only around 
13–18%.3 Several mechanisms have been proposed to 
explain the resistance to anti-PD-1/PD-L1 therapy, including 
low intratumoral immune cell infiltration, the presence of 
immune inhibitory receptors, and the induced immunosup-
pressive tumor microenvironment.4,5

In tumor microenvironment, tumor-infiltrating macro-
phages (TIMs) can be generally divided into an immunosti-
mulatory M1 subset that exerts proinflammatory and 
antitumoral effects, and an immunoregulatory M2 subset that 
secretes immunosuppressive cytokines (such as IL-10 and 
TGF-β) and shows tumor-promoting function.6 In many 
types of tumors, the M2 subset accounts for the dominant 
proportion of TIMs and inhibits the differentiation of M1 
macrophage.7 In HNSC, M2 macrophages promote cellular 
dedifferentiation, angiogenesis and subsequent cancer pro-
gression, relapse and poor prognosis.6,8 Therefore, some stra-
tegies targeting M2 macrophages have been under testing in 
clinical settings, such as inhibiting TIM differentiation,9 

blocking TIM activation10 and reprogramming TIMs to M1.11

The 70-kDa heat shock proteins (Hsp70s) are a group of 
ubiquitous molecular chaperones involved in a wide range 
of cellular protein folding and remodeling processes, thereby 
modulating cellular responses to stress conditions.12 Unlike 
most of other heat shock proteins with ubiquitous expres-
sion, HSPA12B is specifically expressed by endothelial 
cells.13 Functionally, it protects endothelial cell integrity 
under multiple stress conditions, including lipopolysacchar-
ide (LPS)-induced sepsis,14 acute myocardial ischemia/ 
reperfusion-induced injury,15 and ischemic stroke.16 These 
findings collectively suggest that HSPA12B might have 
a critical role in suppressing inflammation responses. 
However, its potential involvement in tumor immune micro-
environment has not been investigated.

In this study, we explored the expression profiles 
Hsp70s in different HNSC cell groups using one previous 
single-cell (sc)-RNA-seq data and further studied the 
effect of HSPA12B secreted by tumor-associated endothe-
lial cells (TECs) on macrophage polarization.

Materials and Methods
Sc-RNA-seq Data Retrieved from 
GSE103322
The RNA expression profile of HSP70 family members, 
OLR1, CD163 and CD206 at the single-cell level was 
examined using transcriptomic data from GSE103322, 
which included over 5000 cells from 18 primary HNSC 

cases in GSE103322.17 Briefly, this dataset included over 
2000 tumor cells, 1440 fibroblasts, 260 endothelial cells, 
and 98 macrophages. Normalized data were analyzed 
using the UCSC Xena browser (https://xenabrowser.net/). 
OLR1 expression (Transcript per million, TPM) in each 
cell group was compared. TPM≥1 was set as the threshold 
of gene expression.

Data Retrieved from TCGA-Head and 
Neck Squamous Cell Carcinoma (HNSC)
The gene-expression data (by bulk-seq) in TCGA-HNSC 
dataset was acquired using the UCSC Xena browser. Gene 
expression was presented as log2(RESM+1).

Isolation of Primary Tumor-Associated 
Endothelial Cells (PTECs)
PTECs were isolated from the tumor tissues from a patient 
with primary laryngeal SCC (LSCC), who underwent sur-
gical resection Jingmen No. 1 People’s Hospital, Hubei, 
China. Informed consent and ethical approval were 
acquired from the Ethics Committee of Jingmen No. 1 
People’s Hospital before this study. PTEC isolation was 
performed by using Dynabeads CD31 and DynaMag-5 
magnet (Invitrogen Life Technologies, CARLSBAD, CA, 
USA), according to the protocol recommended by the 
manufacturer. Briefly, 1 mL single-cell suspensions con-
taining 1×108 cells were prepared from tumor tissue as 
a starting sample. Then, 25 uL pre-washed and re- 
suspended Dynabeads were added and were incubated 
30min on ice, with gentle tilting and rotation. Then, the 
tube was placed in a magnet for 2 min. The supernatant 
was removed and the tube was washed twice. Then, bead- 
bound CD31+ endothelial cells were mashed, resuspended 
and cultured in cell medium.

Cell Culture and Treatment
Since the cells in GSE103322 are all from tongue squamous 
cell carcinoma (TSCC), we used two TSCC cell lines 
(SCC9 and SCC25), which were purchased from the 
American Type Culture Collection (Manassas, VA, USA) 
as representative tumor cell model. The RAW264.7 cell line 
and primary human umbilical vein endothelial cells 
(HUVECs) were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). RAW 
264.7 cells are a macrophage-like cell line that has been 
widely used to study macrophage polarization.18,19 

RAW264.7 cells were cultured in high-glucose Dulbecco’s 
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Modification of Eagle’s Medium (DMEM) (HyClone, 
Logan, UT, USA) with 10% fetal bovine serum (FBS) and 
100 U/mL penicillin, and 100 μg/mL streptomycin (Clark 
Bioscience, Seabrook, MD, USA). PTECs and HUVECs 
were cultured in endothelial cell medium (ECM, Sciencell, 
San Diego, CA, USA) supplemented with 5% FBS, 1% 
endothelial cell growth supplements (ECGS), 100 U/mL 
penicillin, and 100 μg/mL streptomycin. Primary cells 
between passages 3 and 5 were used in experiments. 
SCC9 and SCC25 cells were cultured in DMEM/F12 con-
taining 10% fetal bovine serum (FBS) and 400 ng/mL 
hydrocortisone. All cells were cultured at 37 °C under 5% 
CO2 in a humidified incubator.

Lentiviral plasmids carrying OLR1 shRNA (sh- 
OLR1#1, with siRNA sequence, 5ʹ-ACAGCTATATTCA 
TCAGGCAA-3ʹ and sh-OLR1#2, with siRNA sequence, 
5ʹ-AGAAGCCTAAAGGTCTGCATT-3ʹ) and control plas-
mid (shNC) carrying scramble sequence were constructed 
by HanBio Technology (Shanghai, China). Lentiviral par-
ticles were amplified by co-transfecting with the lentivirus 
packaging plasmids (pSPAX2 and pMD2G, HanBio 
Technology) in 293T cells according to the manufacturer’s 
instructions. 48 h after transfection, the supernatant was 
harvested, calibrated and subjected to viral titer estimation. 
RAW264.7 cells were infected with the lentiviral vectors 
at a multiplicity of infection (MOI) of 10. Recombinant 
HSPA12B protein was purchased from Zeye 
Biotechnology (Shanghai, China).

Labeling HSPA12B with FITC
The binding of FITC and recombinant HSPA12B was 
conducted using the HOOK™ Dye Labeling Kit (FITC) 
(#786-141, G-Biosciences, St Louis, MO, USA), accord-
ing to the manufacturer’s instructions.

Immunofluorescence (IF) Staining
PTECs and RAW264.7 cells grown on sterile coverslips were 
fixed with 4% paraformaldehyde for 15 minutes at room 
temperature and permeabilized with 0.5% Triton X-100 for 
10 minutes. Blocking was performed using 3% BSA for 30 
minutes. Then, cells were incubated with the primary anti-
bodies against CD31 (PECAM) (1:1000, 11–0311-82, 
ThermoFisher, Waltham, MA, USA), HSPA12B (1:500, 
HPA015639, Sigma-Aldrich, St. Louis, MO, USA) or 
OLR1 (1:500, PA5-102,452, ThermoFisher) for overnight 
at 4°C. After that, the coverslips were rinsed and incubated 
with the secondary antibody conjugated to Alexa Fluor® 488 
conjugated or Alexa Fluor® 647 conjugated secondary 

antibodies at 1:1000 dilution for 1h at room temperature in 
the dark. DNA was counterstained with Hochest 33,342. 
Coverslips were then mounted with Fluoromount-G. 
Fluorescence images were acquired with a confocal micro-
scope (Zeiss LSM710, Heidenheim, Germany).

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR) Analysis
qRT-PCR was used to examine mRNA expression. Total was 
isolated with RNAiso Plus (Takara, Tokyo, Japan). Then, 
cDNA was synthesized using PrimeScript™ RT Master 
Mix (Perfect Real Time; Takara) following the manufac-
turer’s instructions. qRT-PCR was performed on 5-fold- 
diluted cDNA samples in double-distilled water using 
SYBR® Premix Ex Taq™ II (Tli RNaseH Plus, Takara). 
Each reaction contained 5 μL of SYBR mix, 2 μL of 
cDNA, 2.2 μL of ddH2O, 0.4 μL of forward primer and 0.4 
μL of reverse primer. Primers for human HSPA12B were: 
forward, 5′-GCTGTGAAAGTCCTGTAATA-3′ and reverse, 
5′-AAAGTATAGCCAATGTCTGG-3′. Glyceraldehyde 3- 
phosphate dehydrogenase (GAPDH) was used to normalize 
gene expression. Gene expression fold change was calculated 
by the 2−ΔΔCT method.

Western Blot Analysis
Protein extraction Kit (Beyotime, Shanghai, China) was 
used to extract total proteins. Then, 25μg proteins were 
separated by SDS-PAGE gel electrophoresis and trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane. 
After blocking with 5% skimmed milk, the membranes 
were probed with primary antibodies against HSPA12B 
(1:1000, HPA015639, Sigma-Aldrich), PI3K (p85α) 
(1:1000, ab191606 Abcam, Cambridge, UK), p-PI3K 
(p85α, phospho Y607) (1:1000, ab182651, Abcam), AKT 
(1:1000, #4685, Cell signaling, Danvers, MA, USA), 
p-AKT (Ser473, 1:1000, #9271, Cell signaling), mTOR 
(1:1000, #2983, Cell signaling), p-mTOR (Ser2448, 
1:1000, #5536, Cell signaling), and β-actin (1:1000, 
AM4302, ThermoFisher). The species-matched HRP- 
conjugated secondary antibodies were used (1:10,000). 
Protein bands were detected by the Odyssey imaging sys-
tem (LI-COR, Lincoln, NE, USA).

ELISA Assay of HSPA12B Secretion
HSPA12B concentration in the culture medium of PTECs, 
HUVECs, SCC9 and SCC25 cells was analyzed by ELISA 
assay (CSB-EL010818HU, Houston, TX, USA) according 
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to manufacturer’s instruction. Cells were plated at 
a density of 2×106 cells per mL in 24-well plates with 
serum-free medium. 48 h after seeding, supernatants were 
harvested for ELISA assay.

Flow Cytometric Assessment of CD86, 
CD163, and CD206 Expression
RAW264.7 cells were collected after indicated treatments. 
The cell surfaces were blocked with 15% sheep serum at 4°C 
for 15 min and were then washed twice with phosphate buffer 
solution (PBS, pH7.2). Then, cells were incubated with 
monoclonal antibodies against CD86, CD163, CD206, and 
the corresponding fluorescent markers for 30 min at 4°C. 
Then, the cells were washed twice, resuspended in PBS and 
were subjected to flow cytometry with a FACSVerse (Becton 
Dickinson, Franklin Lakes, NJ, USA).

Statistical Analysis
Data were reported in the form of means ± standard 
deviation (SD). Statistical analysis was performed with 
the use of GraphPad Prism 8.04 (GraphPad Inc., La 

Jolla, CA, USA) and SPSS 25.0 software package (SPSS 
Inc., Chicago, IL, USA). Group difference was assessed 
using the unpaired t-test. One-way ANOVA with post hoc 
Tukey’s multiple comparisons test was performed for mul-
tiple group comparisons. Correlation coefficients were 
determined using Pearson’s test. p-value of < 0.05 was 
considered statistically significant.

Results
PTECs Had Significantly Elevated 
HSPA12B Expression and Secretion 
Compared to HUVECs
Using sc-RNA-seq data from GSE103322, we examined the 
expression profile of 14 HSP70 genes in different HNSC 
tumor subgroups (Figure 1A). Results confirmed endothelial 
cell specific HSPA12B expression (Figure 1A, gray arrow). 
Then, we isolated PTECs from resected HNSC tumors from 
a patient with LSCC. IF staining confirmed the high level of 
CD31 (PECAM1), as well as HSPA12B expression in the 
PTECs (Figure 1B). QRT-PCR results indicated that 
HSPA12B mRNA expression was significantly higher in 

Figure 1 PTECs had significantly elevated HSPA12B expression and secretion compared to HUVECs. (A) A heatmap showing the expression of HSP70 gene expression in 
different types of cells within HNSC tumors, using single-cell RNA-seq data from GSE103322. The number of cells in the major cell groups was as indicated. HSPA12B (dark 
gray arrow) showed restricted expression in endothelial cells. (B) IF staining of the nucleus (blue), PECAM (CD31, green) HSPA12B (red) in PTECs isolated from primary 
HNSC tumor tissues. (C) QRT-PCR analysis of HSPA12B mRNA expression in PTECs and HUVECs. (D and E) Western blot (D) and ELISA (E) assay of HSPA12B protein 
expression in cell lysate (D) and culture medium (E) of endothelial cells (PTECs and HUVECs) and TSCC cells (SCC9 and SCC25). (F and G) A heatmap (F) and a plot chart 
(G) showing the correlation between HSPA12B expression and two M2 macrophage markers (CD163 and CD206) at the RNA level cases in primary tumor cases (N=520) 
in TCGA-HNSC.
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PTECs than in HUVEC cells (Figure 1C). Western blot and 
ELISA assay confirmed that PTECs had significantly higher 
intracellular and secreted HSPA12B, compared to HUVEC 
cells (Figure 1D and E). Using data from primary tumor 
cases (N=520) in TCGA-HNSC, we further assessed the 
correlation between HSP70 family members and two M2 
macrophage markers, CD163 and MRC1 (also known as 
CD206) (Supplementary Figure 1A and B). Analysis showed 
that only HSPA12B expression had a moderate correlation 
with the two M2 macrophage markers (Pearson’s r>0.4, 
Supplementary Figure 1B and Figure 1F and G). Therefore, 
this gene was selected for further analysis.

Exogenous HSPA12B Treatment 
Stimulated the Expression of M2 
Macrophages-Associated Surface Markers
Using RAW264.7 cells as an in-vitro macrophage model, 
we assessed the influence of HSPA12B treatment on 

macrophage polarization. Results showed that HSPA12B 
treatment increased the expression of M2 macrophage 
marker CD163 and CD206 on RAW264.7 cells in a dose- 
dependent manner (Figure 2C–F). In contrast, we did not 
detect any significant increase of CD86 expression by 
exogenous HSPA12B treatment (Figure 2A and B).

The Potential M2 Activating Effects of 
HSPA12B Were Mediated by OLR1
Previous studies reported that OLR1 is a receptor of 
Hsp70 proteins,20 which has a specific expression in 
macrophages.21,22 Using sc-RNA-seq data from 
GSE103322, we found that a large proportion of tumor- 
associated macrophages (TAMs) (TPM≥1, 63.3%) had 
OLR1 expression (Figure 3A). Correlation analysis 
showed a moderate positive correlation between OLR1 
and CD206 (Pearson’s r=0.47, p<0.001, Figure 3D) and 
a weak positive correlation between OLR1 and CD163 

Figure 2 Exogenous HSPA12B treatment stimulated the expression of M2 macrophages-associated surface markers Representative images (A, C and E) and statistical 
analysis of cell surface markers for M1 macrophages (CD86) (A and B) and M2 macrophages (CD163 and CD206) (C–F) in RAW264.7 cells 48h after treatment with 10ng/ 
mL or 100ng/mL HSPA12B. RAW264.7 cells with PBS added were served as control.
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(Pearson’s r=0.32, p=0.001, Figure 3C). However, no sig-
nificant correlation was observed between OLR1 and 
CD86 (Pearson’s r=0.13, p=0.21, Figure 3B). To valid 
the functional role of OLR1 in macrophage polarization, 
RAW264.7 cells were subjected to OLR1 knockdown 
(Figure 3E). OLR1 knockdown significantly reduced the 
uptake of exogenous HSPA12B by RAW264.7 cells 
(Figure 3F), as well as HSPA12B induced CD163 and 
CD206 upregulation (Figure 3G and H).

HSPA12B Activates the PI3K/Akt/mTOR 
Signaling in Macrophages
Previous studies found that HSPA12B is a potential acti-
vator of PI3K/Akt/mTOR signaling in endothelial cells 
and in some cancer cells.23,24 Actually, activation of the 
PI3K/Akt/mTOR signaling is critical for M2 polarization 

of macrophages.25 Therefore, we further assessed whether 
exogenous HSPA12B could activate the PI3K/Akt/mTOR 
signaling in macrophages. By performing Western blot 
assay, we showed that HSPA12B treatment increased the 
expression of p-PI3K, p-Akt and p-mTOR in a dose- 
dependent manner in RAW264.7 cells (Figure 4A). In 
RAW264.7 cells with OLR1 inhibition, HSPA12B treat-
ment had significantly weakened effects on activating the 
PI3K/Akt/mTOR signaling and M2 marker expression 
(Figure 4B). Western blot and flow cytometry data con-
firmed that LY294002 (a typical selective inhibitor of 
PI3K) treatment also impaired HSPA12B induced M2 
macrophage marker expression (Figure 4B–D). Based on 
these findings, we infer that HSPA12B secreted by TECs 
could be transferred to macrophages partly via OLR1, 
leading to subsequent activation of the PI3K/Akt/mTOR 
signaling pathway and M2 polarization (Figure 4E).

Figure 3 The potential M2 activating effects of HSPA12B were mediated by OLR1. (A) A violin plot chart showing the expression of OLR1 in different types of cells 
within HNSC tumors, using sc-RNA-seq data from GSE103322. (B and D) Correlation analysis between OLR1 expression and CD86 (B), CD163 (C) and CD206 (D) 
in 98 tumor-associated macrophages in GSE103322. (E) QRT-PCR analysis of OLR1 expression in RAW264.7 cells with or without OLR1 knockdown. (F) 48h after 
lentiviral infection, RAW264.7 cells were pretreated for 1h with 200ng/mL HSPA12B-FITC before fixation and labeling with the OLR1 monoclonal antibody. 
Immunofluorescence staining was conducted to examine the expression of OLR1 (red) and HSPA12-FITC uptake (green). (G and H) Representative images (up) 
and Statistical analysis (down) of markers for M2 macrophages, CD163 (G) and CD206 (H) in RAW264.7 cells with or without OLR1 knockdown 48h after treatment 
with 100ng/mL HSPA12B.
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Discussion
Some recent studies revealed that HSPA12B might have 
important and complex roles in tumor biology. Transgenic 
mice overexpressing HSPA12B subjected to xenograft lung 
tumor models have significantly upregulated expression of 
VEGF and angiopoietin-1 and enhanced eNOS phosphoryla-
tion compared with wild-type counterparts.26 Its upregula-
tion induces chemo-resistance in non-small-cell lung 
cancer24 and cervical squamous cell carcinoma.27 However, 
as a modulator of immune responses in endothelial cells, its 
functional role in tumor immune microenvironment has not 
yet been explored.

In the current study, we showed that PTECs had sig-
nificantly elevated HSPA12B expression and secretion 
compared to normal HUVECs. Using bulk-seq data from 
over 500 primary HNSC cases, we observed significant 
positive correlations between HSPA12B expression and 
the expression of CD163 and CD206, two M2 macrophage 
markers. Functional assays based on flow cytometry 

analysis confirmed that exogenous HSPA12B treatment 
might stimulate the expression of M2 macrophage markers 
in a dose-dependent manner.

OLR1 is a human gene encodes oxidized low-density 
lipoprotein receptor 1 (OLR1), which is also known as 
lectin-type oxidized LDL receptor 1 (LOX-1). It is primarily 
expressed in endothelial cells, monocytes and smooth mus-
cle cells28 and is the key receptor for oxidized low-density 
lipoproteins (ox-LDL) and HSP70 family proteins.29 Basal 
OLR1 expression is usually limited, but its expression is 
inducible via some proinflammatory and proatherogenic 
stimuli.30 Using sc-RNA-seq data, we demonstrated macro-
phage-associated OLR1 expression in HNSC tissues. Some 
recent studies reported that OLR1 expression was detected 
in some polymorphonuclear myeloid-derived suppressor 
cells (PMN-MDSC), which show potent immune- 
suppressive activity in cancer.31,32 It is also known that in 
the tumor microenvironment, high-ox-LDL can induce the 
upregulation of OLR1 in macrophages, which amplifies the 

Figure 4 HSPA12B activates the PI3K/Akt/mTOR signaling in macrophages. (A) Western blot assay of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, mTOR, CD163 and CD206 
expression in RAW264.7 cells treated by 10ng/mL or 100ng/mL HSPA12B for 48h. (B) Western blot assay of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, mTOR, CD163 and CD206 
expression in RAW264.7 cells treated by 100ng/mL HSPA12B alone or in combination with PI3K inhibitor LY294002 (LY, 10 μM) and RAW264.7 with OLR1 inhibition 
treated by 100ng/mL HSPA12B for 48h. (C and D) Representative images (C) and Statistical analysis (D) of markers for M2 macrophages (CD163 and CD206) (D) in 
RAW264.7 cells 48h after treatment with 100ng/mL HSPA12B alone or in combination with PI3K inhibitor LY294002 (LY, 10 μM). (E) A schematic image showing the 
speculative mechanism of TECs secreted HSPA12B on M2 polarization of macrophages.
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high-ox-LDL signals and enhances M2 polarization.33 After 
internalization, Ox-LDL stimulates the generation of ROS, 
NF-κB activation, endoplasmic reticulum (ER) stress and 
subsequently M2 macrophage differentiation.34,35 These 
findings indicate a potential role of OLR1 in the immune- 
suppressive tumor microenvironment. Using sc-RNA-seq 
data in 98 macrophages, we observed positive correlations 
between OLR1 and CD163/CD206. In RAW264.7 cells, we 
demonstrated that OLR1 inhibition could significantly 
impair the uptake of exogenous HSPA12B and weaken 
HSPA12B induced M2 phenotypes. In addition, we showed 
that HSPA12B could activate the PI3K/Akt/mTOR signaling 
pathway in macrophages, the effect of which was mainly via 
OLR1. Based on these findings, we speculated that 
HSPA12B secreted by TECs might be taken by macro-
phages via OLR1 and induce M2 macrophage polarization 
via stimulating PI3K/Akt/mTOR signaling.

However, it is worth noticing that even with OLR1 
knockdown, the entering of HSPA12B into RAW264.7 
cells and HSPA12B induced CD163 and CD206 upregula-
tion were not fully abrogated (Figure 3F–H) (Figure 3G 
and H). Besides, blocking the activation of PI3K could not 
fully cancel the inducing effect of HSPA12B on M2 mar-
kers (Figure 4B–D). Therefore, we inferred that besides 
OLR1 mediated PI3K/Akt/mTOR signaling, there might 
be other receptors and/or channels of HSPA12B on the 
surface of macrophages and other signaling pathways 
involved in the activation of M2 polarization. 
Macrophages have considerable plasticity and thus can 
switch to different phenotypes upon different environmen-
tal stimuli.6 In some cases, macrophages may express both 
M1 and M2 markers during differentiation.6,36 Therefore, 
although we found that HSPA12 treatment did not influ-
ence the expression of CD86, a typically M1 marker in 
RAW264.7 cells, we could not exclude the possibility that 
HSPA12B might also induce M1 polarization. Future stu-
dies are required to explore more detailed signaling net-
working upon HSPA12B stimulation.

Conclusion
In summary, we speculated that aberrantly expressed and 
secreted HSPA12B by TECs could be taken by macrophages 
partly via OLR1, leading to subsequent activation of the 
PI3K/Akt/mTOR signaling pathway and elevated expression 
of M2 markers. This mechanism shows a novel cross-talk 
between TECs and TAMs, which contributes to the intratu-
moral immunosuppressive microenvironment.
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