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Human stanniocalcin-1 (STC1) is a paracrine factor associatedwith inflammation and carcinogenesis. The role of STC1
in the pro- and anti-inflammatory functions of differentiatingmacrophage, however, is not clear. In this study, our data
showed that phorbol 12-myristate 13-acetate (PMA) treatment induced human leukemia monocytic cells (ThP-1) dif-
ferentiation to M0 macrophages. The differentiation was accompanied by a significant increase in the mRNA expres-
sion levels of STC1, the pro-inflammatory cytokine TNFα, and anti-inflammatory markers, CD163 & CD206. An
intermitted removal of PMA treatment reduced the mRNA levels of STC1 and TNFα but had no noticeable effects on
the anti-inflammatory markers. The correlation in the expression of STC1 and pro-inflammatory markers in differen-
tiating macrophages was investigated, using siRNASTC1-transfected PMA-induced cells. Consistently, the transcripts
levels of TNFα and IL-6were significantly reduced. Moreover, LPS/IFNγ-inducedM1-polarization showed remarkably
higher expression levels of STC1 than IL-4/IL-13-induced M2-macrophages and PMA-induced M0-macrophages.
Transcriptomic analysis of siRNASTC1-transfected M1-polarized cells revealed an upregulation of TBC1 domain family
member 3 (TBC1D3G). The gene regulates the payload of macrophage-released extracellular vesicles to mediate in-
flammation. The conditioned media from siRNASTC1-transfected M1-polarized cells were found to reduce Hep3B cell
motility. The data suggest that the expression of STC1 were associated with macrophage differentiation, but preferen-
tially to M1 polarization.
Introduction

Inflammation is one of the cancer hallmarks and is a crucial factor in the
regulation of tumor progression. In tumor microenvironment (TME), can-
cer cells maintain intricate interactions with surrounding stroma [1]. The
infiltration of immune cells and secretion of various growth factors/cyto-
kines modulate the process of tissue remodeling in cancers. One crucial
component of tumor stroma ismacrophages that multiple aspects of coordi-
nation in immune responses. Besides, macrophages can reversibly alter
their endotypes to augment antitumor reactions or antagonize cytotoxic ac-
tions [2]. Macrophages can be classified based on their activation states.
These include the resting (M0), and the polarizing states [the classically ac-
tivated macrophages (CAM/M1) and alternatively activated macrophages
(AAM/M2)]. In general, M1 macrophages are considered to be pro-
inflammatory and exhibit antitumor effects. On the contrary, M2 macro-
phages assist a pro-tumoral role by suppressing the local immune response,
to promote angiogenesis, invasion, and metastasis [3–5]. Nonetheless, clin-
ical and experimental data indicated that cancer tissues with high infiltra-
tion of tumor-associated macrophages were associated with poor
prognosis and exhibited resistance to therapeutics [6]. An understanding
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of the factors responsible for macrophage homing and differentiation is rec-
ognized to be an essential immunotherapeutic strategy.

Human stanniocalcin-1 (STC1), an autocrine/paracrine factor, is sug-
gested to play roles in inflammation and carcinogenesis. Early clinicopath-
ological studies showed its differential expressions in paired normal and
tumor tissues [7]. Experimental characterization on the role of STC1 in
some cancer hallmarks, like proliferation, apoptosis, and angiogenesis in
different cancer cell models, was reported [8]. Later studies revealed stim-
ulation of STC1 expression under oxidative stress in the tumor microenvi-
ronment [9,10]. The involvement of STC1 in wound healing [11], and
cardiovascular inflammation were demonstrated [12]. The anti-
inflammatory action of STC1 was shown via the suppression of superoxide
production at glomerulonephritis [13]. The effect of STC1 on inhibition of
ROS production via mitochondrial uncoupling protein 2 in renal ischemia/
reperfusion injury in mice was reported [14]. Moreover, the counteracting
effects of STC1 on LPS-induced lung injury [15] or ischemic cardiac injury
in mice [16], via inhibition of inflammatory cascades or suppression on
monocytes/macrophages recruitment were revealed respectively. The
anti-inflammatory effects of STC1 on other models, like osteoarthritis
[17], and retinopathy [18] were reported.
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Our previous studies showed the inhibitory effects of STC1 on the
growth of STC1-overexpressing human hepatocellular carcinoma (HCC)
cells in a mouse xenograft model [19]. The inhibitory effects of STC1 on
p70S6K/p-rpS6 signaling in the HCC cells to reduce tumor growth was dem-
onstrated [20]. In considering the intricate interactions at the TME, the role
of STC1 in macrophage differentiation has not been addressed. With hind-
sight, STC1 and macrophages are known to be involved in inflammation
and carcinogenesis. In this study, we hypothesized that STC1 might play a
role in differentiation and inflammatory functions of macrophages and
thus modulate tumorigenicity through macrophage-cancer cell interac-
tions. Using human leukemia monocytic cell line ThP-1, we aimed to char-
acterize the role of STC1 in macrophage differentiation and functions.

Materials and methods

Cell culture and macrophage differentiation

Human leukemia monocytic cell line (ATCC), ThP-1 was cultured in
RPMI1640, supplemented with 10% heat-inactivated fetal bovine serum
and antibiotics (25 U/ml penicillin and 25 μg/ml streptomycin) (Gibco,
Life Technologies). The cells were maintained in a CO2 (5%) incubator at
37 °C.

The cells were treated with phorbol 12-myristate 13-acetate (PMA)
(Abcam) for 24–48 h to stimulate macrophage differentiation (M0). An in-
creasing concentration of PMA (2.5–100 nM) was applied to the cells to de-
termine the optimal dose of the stimulation. Once the optimal PMA
concentration was identified, the differentiated cells (M0) could then be
further treated with selected stimulators to obtain M1 and M2 polarized
macrophages. For M1 polarization, ThP-1 cells were treated with 5 nM
PMA for 6 h, followed by 20 ng/ml IFNγ (Gibco, Life Technologies), and
100 ng/ml LPS (Invitrogen; Thermo Fisher Scientific) stimulation for an-
other 18 h. For M2 polarization, ThP-1 cells were treated with 5 nM PMA
for 6 h, followed by 20 ng/ml IL-4, and 20 ng/ml IL-13 (Gibco, Life Technol-
ogies) stimulation for another 18 h. The identities ofM0,M1, andM2 polar-
ized cells were characterized using both pro- and anti-inflammatory
markers.

Total RNA extraction and real-time PCR

Cellular RNA was extracted by TRIZOL Reagent (Gibco/BRL) according
to the manufacturer's instruction. The A260/A280 of total RNA was >1.8,
which was utilized to synthesize cDNA using SuperScript VILO Master
Mix (Invitrogen, Life Technologies). Real-time PCR was performed using
the Fast SYBR Green Master Mix (Applied Biosystems). The primer se-
quences were listed in Table 1. The data were normalized to the mRNA
levels of humanGAPDH. Control amplificationswere conductedwithout ei-
ther RNA or reverse transcriptase.
Table 1
List of PCR primers.

Gene Sequences

GAPDH 5′-GGACCTGACCTGCCGTCTAG-3′,
5′-TAGCCCAGGATGCCCTTGAG-3′

Actin 5′-GACTACCTCATGAAGATCCTCACC-3′,
5′-TCTCCTTAATGTCACGCACGATT-3′

STC1 5′-TGAGGCGGAGCAGAATGACT-3′,
5′-CAGGTGGAGTTTTCCAGGCAT-3′

CD163 5′-CCAACAAGATGCTGGAGTGAC -3′,
5′-TGACAGCACTTCCACATTCAAG −3′

CD206 5′-GCGGAACCACTACTGACTA - 3′,
5′-GTTGTTGGCAGCTTTTCCTC-3′

TNFα 5′-GGGCCTGTACCTCATCTACT - 3′,
5′-TAGATGGGCTCATACCAGGG-3′

IL-6 5′-AGCCCACCGGGAACGAAAGA - 3′,
5′-TGTGTGGGGCGGCTACATCT-3′

TBC1D3G 5′-AACCCCGGAAGATACCAGA-3′,
5′-TTCCTTAATGTCCCGCTTATG-3′

2

STC1 Knock-down by siRNA

On-Target human STC1 siRNA (Dharmacon) was used to knock down
the STC1 transcript. Non-targeting siRNA: UGGUUUACAUGUCGACUAA,
UGGUUUACAUGUUGUGUGA, UGGUUUAC AUGUUUUCUGA, UGGUUU
ACAUGUUUUCCUA, and human STC1 siRNA: AAACGCACAUCCCAUG
AGA, GGGAAAAGCAUUCGUCAAA, GUACAGCG CUGCUAAAUUU, CAAC
AGAUACUAUAACAGA were used in this study. Briefly, 1 × 105 ThP-1
cells were seeded in 24-well plates, then transfected with 50 nM siRNA
using 0.5 μl Lipofectamine 2000 transfection reagent (Invitrogen; Life Tech-
nologies) in antibiotic-free complete medium. After 6 h incubation, the
siRNA transfected cells were treated with 5 nM PMA to induce M0 macro-
phage differentiation. In some experiments, the siRNA transfectedM0mac-
rophages were further stimulated to obtain M1 or M2 polarized cells. The
decrease in the expression levels of STC1mRNA and protein were validated
by real-time PCR and western blotting. Western blot was conducted using a
rabbit antibody to STC1 (Sigma), followed by incubation with horseradish
peroxidase-conjugated goat anti-rabbit antibody. Specific bands were visu-
alized with chemiluminescent reagent (Western-lightening Plus,
PerkinElmer Life Sciences). Blots were then washed in PBS and re-probed
with rabbit anti-actin serum (Sigma).

Boyden chamber-based cell migration assay

ThP-1 cells were stimulated to differentiate intoM0, M1, and M2 polar-
ization in 24-well companion plates in quadruplicate. After 24 h, the cells
were washed with a complete RPMI medium. The human hepatoma cell
line, HepB3 cells (ATCC) were seeded onto 24-well cell-culture inserts (Fal-
con) with a membrane pore size of 8 μm in serum-free DMEM medium on
top of the polarized ThP-1. In siRNA transfection experiments, ThP-1 cells
were treated with either siRNACTRL or siRNASTC1 before the stimulation of
M1 or M2 polarization in quadruplicate. The conditioned media of M1
andM2macrophageswere collected,filtered, and used in the cell migration
assay. The conditioned media were transferred to 24-well companion
plates. HepB3 cells were seeded onto 24-well cell-culture inserts (Falcon)
with a membrane pore size of 8 μm in serum-free DMEM medium. After
24 h incubation at 37 °C, cells on the top side of the membrane were re-
moved by cotton swab, whereas cells migrated to the bottom of the mem-
brane were fixed with ice-cold methanol, followed by 0.5% crystal violet
(Farco Chemical Supplies) at room temperature for 15min. Themembranes
were then mounted. Migrated cells were captured by a microscope and
counted by Image J.

Transcriptomic analysis

Total RNA of siRNACTRL or siRNASTC1-transfected M1macrophages was
extracted. The RNA quality was measured by Agilent 2100 Bioanalyzer sys-
tem. Four replicates per treatment with RNA Integrity Number (RIN) > 8
were used for library construction. DNA sequencing was conducted at the
Beijing Genomics Institute (Wuhan, China) using the BGISEQ-500RS se-
quencer. Single-end reads of 50 bp read-length were sequenced and
trimmed according to BWA's–q algorithm. Quality-trimmed sequence
reads were mapped to human genome reference (GRCh38/hg38). Read-
count data were then subjected to differential expression analysis using
the edgeR package [21]. Genes with posterior probability of equal expres-
sion (PPEE) < 0.05 were considered as differentially expressed genes
(DEGs).

Statistical analysis

Statistical analysis was conducted using SigmaPlot version 12.0. Data
were evaluated by the Student's t-test or one-way analysis of variance
(ANOVA) followed by Duncan's multiple range test. All data are presented
as a statistical mean± SD. A p-value< 0.05 was used as the cutoff for sta-
tistical significance.
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Results

Dose- and time-dependent effects of PMA on ThP-1 differentiation and STC1
expression

ThP-1monocyteswere stimulated to differentiate intoM0macrophages
by the treatment with an increasing dose (2.5–100 nM) of phorbol 12-
myristate 13-acetate (PMA) for 24–48 h. The cells were transformed from
a suspension to an adherent form, demonstrating a differentiated pheno-
type (Fig. 1A). To characterize the molecular phenotypes of the differentia-
tion, the mRNA expression levels of pro- and anti-inflammatory markers,
TNFα, CD163 and CD206 were measured. Dose- and time-dependent in-
ductions in the expression levels of the markers were noted at 24 h
(Fig. 1B) and 48 h post-treatment (Fig. 1C). Significant increases of STC1
mRNA (Fig. 1B–C) was observed.

An experiment with an intermitted removal of PMA in the treatment
was conducted. In the cells treatedwith 5 nMPMA for 24 h, followed by an-
other 24 h of incubation in a PMA-free medium. The cells maintained a
lesser differentiated phenotype, as compared with the cells maintained in
the PMA-medium for 48 h, with or without washing step (Fig. 2A, the
right panels). The observation revealed that the intermitted removal of
PMA led to a reduction of cell spreading, suggesting further differentiation
was halted. Moreover, the expression levels of the pro- and anti-
inflammatory markers were determined. The cells with the intermitted re-
moval of PMA exhibited significantly lower expression levels of the pro-
inflammatory cytokine TNFα and STC1 transcripts (Fig. 2B). The expres-
sion levels of the anti-inflammatory markers CD163 and CD206, however,
were not noticeably affected.

Effects of STC1-knockdown on the expression of pro- and anti-inflammatory
markers in PMA-induced differentiation (M0)

ThP-1 cells were transfected with either siRNACTRL or siRNASTC1 before
the PMA treatment. After transfection, there were no noticeable differences
in the cell phenotypes, when comparing the siRNACTRL and siRNASTC1 in
the control (Fig. 3A, the left panels) or in the PMA-treatment (Fig. 3A, the
right panels). The transfection efficiency was illustrated in the siGLO co-
transfection (Fig. 3B). The transfection of siRNASTC1 in PMA-induced
ThP-1 cells (M0) showed a significant reduction in the expression levels
of STC1 (Fig. 3C) and the pro-inflammatory (TNFα, IL-6) and anti-
inflammatory (CD163) markers (Fig. 3D).

STC1 expression in M1- and M2-polarized cells

To elucidate further the association of STC1 expression in macrophage
differentiation, PMA treated ThP-1 cells (M0) were further stimulated to
differentiate intoM1- orM2-polarized cells. Fig. 4A shows the cell morphol-
ogy of the M0 (PMA), M1 (LPS/IFNγ), and M2 (IL-4/IL-13) polarization.
M1-polarized cells exhibited epithelial-like phenotype, whereas M2-
polarized cells showed adherent round-shaped morphology. The M1- and
M2-polarization were characterized by measuring the expression levels of
the pro- and anti-inflammatory markers. The expressions of pro-
inflammatory markers (TNFα & IL-6) were remarkably induced in M1-
polarized cells (TNFα: ~150-fold; IL-6: ~5000-fold) as compared with
the levels measured in M2-polarized cells (TNFα: ~2-fold; IL-6: ~14-fold)
(Fig. 4B). On the other hand, the expression levels of the anti-
inflammatory markers (CD163: ~400 folds; CD206: ~8 fold) in M2-
polarized cells were significantly higher, as compared with the M1-
polarized cells (CD163: ~100-fold; CD206: ~2-fold) (Fig. 4C). In M1-
polarization, STC1 gene expression was remarkably increased by 800-
fold, whereas in M2-polarization, the induction was about 10-fold
Fig. 1. Dose- and time-dependent effects of PMA on ThP-1 differentiation to M0 mac
suspension to adherent phenotype after 5 nM PMA treatment for 24 and 48 h. Gene
(B) 24-h and (C) 48-h PMA treatments. Data were presented as the mean ± S.D. Bars
way ANOVA followed by Duncan's multiple ranges tests (p < 0.05).
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(Fig. 4D). Significant stimulation of STC1 mRNA expression was measured
in the differentiation, in which ~800- and ~ 10-fold inductions were mea-
sured in M1- and M2-polarized cells, respectively. When comparing the
gene expression between M0 and M2 cells, similar expression levels of
the anti-inflammatory markers and STC1 were observed (Supplementary
Fig. 1). M0 cells exhibited significantly higher expression levels of TNFα
and lower levels of IL6, as compared with M2 cells.

Effects of STC1 knockdown on global gene expression in M1-polarized cells

In the transcriptomic analysis of STC1-knockdown, quality-trimmed
Illumina reads of about 26.3 M were acquired from each sample of
siRNACTRL and siRNASTC1-transfected M1-polarized cells. Supplementary
file 1 shows the list of differentially expressed genes (DEGs). A volcano
plot showed that only two genes were significantly dysregulated
(Fig. 5A). The STC1 transcript was downregulated, while the TBC1D3G
mRNA was up-regulated (Fig. 5B, the left panel). Real-time PCR analysis
validated the changes of STC1 and TBC1D3G mRNA expression (Fig. 5B,
the right panel).

Effects of conditioned media from siRNASTC1 transfected M1-polarized cells on
Hep3B migration

M1 orM2 cells showed significant inhibition onHep3Bmotility as com-
pared with M0 cells (Fig. 6A). Conditioned media from the siRNACTRL- and
siRNASTC1-transfected M1-polarized cells were collected. The efficiency of
siRNA delivery was checked by siGLO transfection, and the reduction of
STC1 expression was measured using real-time PCR (data not shown).
The conditioned media of the M1-polarized cells (siRNASTC1-transfected)
showed inhibitory effects on the migration of Hep3B cells (Fig. 6B) as com-
pared with the condition media of the siRNACTRL-transfected M1 cells. On
the other hand, conditioned media from STC1 knockdown M2-polarized
cells showed no noticeable effects on the migration, as compared with the
respective control (Fig. 6C).

Discussion

Current evidence suggests the involvement of STC1 in inflammation,
based on its inhibitory effects on the production of pro-inflammatory cyto-
kines and chemokines, and suppressive effects on macrophage responses to
chemoattractant [8,22]. In this study, the connection of STC1 to macro-
phage differentiation, through studying its association with M0-, M1- and
M2-polarization was revealed. The effect of STC1-knockdown in macro-
phages on transwell migration of the hepatocellular carcinoma cell-line
Hep3B was studied.

PMA treatment on ThP-1 cells stimulated the expression of STC1 and in-
flammatory markers. PMA is a protein kinase C (PKC) activator, a standard
chemical used to induce differentiation of monocytic ThP-1 into macro-
phages via PKC activation [23]. Multiple downstream signaling pathways
were reported to be responsible for PMA-induced leukemic differentiation.
Those include phosphatidylinositol 3-kinase/Ca2+, Raf-1, MAPK, and NF-
κB signaling pathways and superoxide production [24,25]. The Ca2+-
signaling and stress-induced pathways were also demonstrated to stimulate
STC1 expression in various studies [10,13,26–28]. With hindsight, STC1
expression is known to be induced in cell differentiation. These include
neural cells [28,29], hematopoietic cells [30,31], osteoblast cells [32],
ovarian cells [33] and adipocyte [34]. Therefore, the observation of in-
creased STC1 expression in macrophage differentiation is consistent. Mac-
rophage activation comprises the resting (M0), and polarizing M1 and M2
states. The classical M1 and alternative M2 macrophages that confer pro-
rophage and STC1 expression. (A) Cell morphology of ThP-1 cells changed from
expressions of CD163, TNFα, CD206, and STC1 in ThP-1 were up-regulated after
with the same letter are not significantly different according to the results of one-
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←Fig. 4. The gene expression levels of STC1 and cytokine markers in LPS/IFNγ-induced M1 or IL-4/IL-13-induced M2 macrophages. (A) The differentiating morphologies of
M0, M1, and M2 polarized cells. (B) Messenger RNA expression levels of pro-inflammatory markers in M1- (the left panel) and M2- (the right panel) polarized cells. The
induction of the pro-inflammatory markers in M1-polarized cells was remarkably higher than in the M2 cells. Noted the different scales in the y-axes. (C) Messenger RNA
expression levels of anti-inflammatory markers in (i) M1- (the left panel) and (ii) M2- (the right panel) polarized cells. The induction of anti-inflammatory marker
expression in M2-polarized cells was remarkably higher than in the M1 cells. Noted the different scales in the y-axes. (D) The induction of STC1 expression in M1-
polarized cells was remarkably higher than in the M2 cells. Noted the different scales in the y-axes. Data were presented as the mean ± S.D. Asterisks denote statistical
significance relative to the respective control (*p < 0.05).
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Fig. 5. Transcriptomic analysis of STC1 knockdownM1 cells. (A) Volcano plot of differentially expressed genes (DEGs). The x-axis represents the differential gene expression
(log2). Y-axis represents the p-value (−log10). The red dots represent the significantly up-regulatedDEG - TBC1D3Gand the down-regulatedDEG - STC1. (B)Messenger RNA
levels of STC1 and TBC1D3G, as revealed by transcriptome (the left panel) and validated by real-PCR (the right panel). Data were presented as the mean± S.D. Pounds (#)
indicate statistical significance relative to the respective control (posterior probability of equal expression, PPEE, Supplementary file 1). Asterisks denote statistical
significance relative to the respective control (*p < 0.05). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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or anti-inflammatory activities. Our following question is on the connection
of STC1 to these heterogeneous populations of macrophages.

Our data show that the differentiation of ThP-1 to M0, M1, and M2 mac-
rophages induced STC1 expression, whichwas considerably higher inM1 po-
larized cells. In examining the effects of intermitted PMA-withdrawal,
macrophage differentiation (M0) was arrested. STC1 expression was signifi-
cantly lower as compared with the continuous PMA-treated cells. Our obser-
vation was consistent with the report by Spano and co-workers, which
showed that PMA-withdrawal caused cell de-differentiation [35]. In themea-
surement of cytokine markers in the intermitted PMA treated cells, a signifi-
cant reduction in the expression of the pro-inflammatorymarker, TNFαwere
noted. In the STC1 knockdown experiment, the transcript levels of pro-
inflammatorymarkers (TNFα, IL-6) were downregulated. The data suggested
a possible correlation in the expression levels of STC1 and pro-inflammatory
markers. To further elucidate this correlation, we adopt the standard proto-
cols to stimulate M1- and M2-polarization. The identity of the differentiated
macrophages was characterized using the standard markers [36]. Our data
show that a remarkably higher expression of STC1 was measured in M1 po-
larization, as compared with M2. M1 macrophages are known to be pro-
inflammatory to produce cytokines to exert tumoricidal activities [1]. The bi-
ological function of STC1, however, was suggested to be anti-inflammatory
[22]. The pro-inflammatory role of M1-polarized cells and the reported func-
tion of STC1 seemed to be inconsistent. However, in considering a possible
negative feedback circuity in controlling pro-inflammatory signals, the ex-
pression of endogenous anti-inflammatory mediators (i.e., STC1) may help
to minimize the persistent activation of immune cells in inflammatory re-
sponses. In fact, the negative feedback regulation of inflammation has been
reported for over 20 years [37]. For instance, the negative feedback regula-
tion was reported in various inflammatory pathways, like NKκB, Smad, and
JAK/STAT by the suppressors of cytokine signaling or cytokine-inducible
SH2 protein [38,39]. In our previous study in characterizing the effects of
STC1 on tumorigenicity of hepatocellular carcinoma Hep3B cells, IL-6 and
IL-8 treatment induced STC1 expression. However, STC1 exhibited inhibitory
action on the pro-migratory functions of IL-6 and IL8 [19]. Other examples of
reciprocal regulation in inflammation responses include glucocorticoid-
cytokine [40] and inducible NO synthase-connexin 43 [41]. Retrospectively,
this suggests that the high expression level of STC1 inM1-polarized cells may
serve as a negative mediator in inflammation.

Transcriptomic analysis of STC1-knockdown M1-polarized cells identi-
fied a deregulated gene, Tre-2/Bub2/Cdc16 (TBC1) domain family mem-
ber 3 (TBC1D3). The gene is reported to regulate the payload (i.e., RNA-
binding protein, secretory pathways regulatory proteins) of released extra-
cellular vesicles (EVs) from macrophages to mediate inflammation and tis-
sue repair [42]. The high expression of TBC1D3 was associated with
decreased STAT3phosphorylation in recipient cells [42]. A decreased phos-
phorylated level of STAT3 was found to inhibit the proliferation andmigra-
tion of HCC [43]. Consistently in this study, the incubation of Hep3B cells in
conditioned media of siRNASTC1-transfected M1-polarized cells showed a
significant reduction in cell motility. Alternatively, the high expression
level of STC1 in M1-polarized cells might have low expression of
TBC1D3, resulting in higher phosphorylation of STAT3 in cancer cells,
which associated with poor prognosis in HCC [19,44].

In summary, we unravel the connection of STC1 expression in macrophage
differentiation, and its association with the expression of pro-inflammatory
markers. STC1 may serve as a negative mediator to regulate inflammation,
which might be associated with the expression of TBC1D3. The data support
further investigation, using clinical HCC samples to unravel the intricate associ-
ation of STC1, macrophages, and tumor cells in carcinogenesis.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.tranon.2020.100881.
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