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Abstract
Tumour-associated macrophages (TAMs) are the key components in the tumour microenvironment. TAMs have two major 
subtypes, M1 and M2. M1 macrophages are tumour inhibitory, while M2 macrophages are tumour promotive. Repolarising 
TAMs from M2 to M1 is a promising strategy in cancer treatment. M1 and M2 macrophages were generated from murine 
bone marrow-derived macrophages (BMDMs). We found that chloroquine (CQ), an autophagy inhibitor, was able to repo-
larise M2 macrophages to the anti-tumour M1 phenotype. The repolarised macrophages demonstrated higher phagocytotic 
activity towards Hep-2 laryngeal tumour cells and re-sensitised Hep-2 cells to cisplatin (CDDP) treatment in vitro. While CQ 
did not demonstrate cytotoxicity to Hep-2 cells in vitro, CQ treatment reduced Hep-2 laryngeal tumour growth in vivo and 
improved CDDP treatment outcomes. It seems that CQ-induced M2-to-M1 macrophage repolarisation played an important 
role in tumour growth inhibition, and the CQ/CDDP combined therapy might have clinical potential in laryngeal cancer 
treatment.
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Abbreviations
ARG1  Arginase-1
ATCC   American type culture collection
BMDM  Bone marrow-derived macrophage
CDDP  Cisplatin
CM  Conditioned media
CQ  Chloroquine
DMEM  Dulbecco’s modified Eagle medium

FBS  Fetal bovine serum
GAPDH  Glyceraldehyde-3-phosphate dehydrogenase
IFN  Interferon
LC3  Microtubule-associated protein 1 light chain 3
IL  Interleukin
LPS  Lipopolysaccharide
M-CSF  Recombinant human macrophage colony 

stimulating factor
MRC1  Mannose receptor-1
MTT  3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-

nyltetrazolium bromide
NOS  Nitric oxide synthase
PBS  Phosphate buffer saline
qRT-PCR  Quantitative real-time polymerase chain 

reaction
TAM  Tumour-associated macrophage

Introduction

Tumour-associated macrophages (TAMs) are one of the 
major cellular components and key regulators in the 
tumour microenvironment. They are involved in tumour 
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growth, angiogenesis and lymphangiogenesis, tumour 
invasion, metastasis and immunosuppression of many 
cancers, including laryngeal cancer [1–3]. In the last dec-
ade, TAMs were found to contribute to the chemotherapy 
resistance [4]. Chemotherapeutic agents such as pacli-
taxel and platinum disrupt the mitotic process and induce 
apoptosis of the cancerous cells. The death of the tumour 
cells would stimulate TAM expansion and recruit their 
circulating precursors, and the proliferated TAMs would 
secrete cytokines to accelerate cancer stem cell replica-
tion and suppress apoptosis [5]. It has been shown that in 
colon cancer, pancreatic cancer and breast cancer, target-
ing TAMs could suppress tumour progression and improve 
chemotherapy efficacy [5–7].

Macrophages are immune cells that have a high degree 
of phenotypical and functional heterogeneity, but they 
are often simplified into two subtypes. M1 macrophages 
are ‘classically’ activated, pro-inflammatory and tumour-
inhibitory, while M2 macrophages are ‘alternatively’ acti-
vated, anti-inflammatory and tumour promotive [2, 8]. The 
composition of macrophage subtypes in a tumour tissue 
determines the inhibitory or promotive role of TAMs. In 
many cancers, TAMs are dominated by M2 macrophages 
and thus play a tumour-promotive role [1, 3]. Hence, re-
educating TAMs from M2 to M1 phenotype is a promising 
anticancer strategy [9–11].

Autophagy is an essential cellular function for mac-
rophages [12–14]. This process is not only involved in 
intracellular quality control and metabolic adaptation, 
but also crucial for cell differentiation and remodelling 
[14, 15]. It has been revealed that the down-regulation of 
autophagy level limits the M2 macrophage differentiation 
[16]. Based on this knowledge, herein, we hypothesised 
that chloroquine (CQ), an autophagy inhibitor, can repo-
larise TAMs from M2 macrophages to M1 phenotype. 
First, we proved that CQ could repolarise M2 macrophages 
to M1 phenotype in vitro. Then, the effects of repolar-
ised macrophages on Hep-2 laryngeal tumour cells and 
cisplatin (CDDP) resistance were examined. Finally, we 
assessed the effects of CQ treatment in vivo. It was dem-
onstrated that CQ could reduce laryngeal tumour growth 
and effectively enhance CDDP sensitivity, and TAMs were 
successfully repolarised during this process.

Methods

Mice

C57BL/6 mice and nu/nu nude mice were used for mac-
rophage generation and tumour transplantation, respectively. 
Mice were maintained in pathogen-free facilities.

Cell models

Murine bone marrow-derived macrophages (BMDMs) 
were used to generate M1 and M2 macrophages. Murine 
BMDMs were isolated following the published procedure 
[17]. The bone marrow was extracted from femur and tibia 
of 6 to 8-week-old C57BL/6 mice and was dissociated by 
passing through 10 mL syringe with 26 G needle. The cells 
were isolated by passing through a 40 μm strainer, and the 
red blood cells were lysed by incubating in 0.8%  NH4Cl 
(Sigma, St. Louis, MO, USA) solution on ice for 10 min. 
The remaining cells were then grown in BMDM growth 
medium (Dulbecco’s modified Eagle medium, DMEM, 
Gibco), 10% fetal bovine serum (FBS, Gibco), 100 IU 
penicillin (Sigma, St. Louis, MO, USA), 100  μg/mL 
streptomycin (Sigma) and 10 ng/mL recombinant murine 
M-CSF (Invitrogen, Waltham, MA, USA) at 1 × 106 cells/
mL for 7 days to amplify the macrophages. Human laryn-
geal cancer Hep-2 cell line and GFP-labelled Hep-2-GFP 
cells were kept in DMEM supplemented with 10% FBS. 
All the cell lines were tested for mycoplasma contamina-
tion regularly. All the cells were incubated in indicated 
medium at 37 °C in an atmosphere containing 5%  CO2. All 
the mediums were replenished every 2 days.

Macrophage polarisation in vitro

Murine BMDMs were grown in the BMDM growth 
medium at 37 °C and 5%  CO2 to maintain the M0 state. 
The cells were induced with 50  ng/mL interferon-γ 
(IFN-γ) (Thermo, Waltham, MA, USA) and 100 ng/mL 
lipopolysaccharide (LPS) (Sigma) for M1 polarisation and 
10 ng/mL interleukin-4 (IL-4) (Thermo) for M2 polarisa-
tion [17]. The cells were induced for 24 h, after which the 
media were aspirated, and cells were washed with cold 
phosphate-buffered saline (PBS) and collected for tran-
scriptional analysis. To characterise the polarisation state, 
the transcription levels of the genes encoding arginase 1 
(Arg1), mannose receptor 1 (Mrc1I), IL-12 (Il12) and 
nitric oxide synthase (Nos2) were measured using quanti-
tative real-time PCR (qRT-PCR).

Macrophage repolarisation in vitro

M2 macrophages generated from murine BMDMs were 
treated with 20 μM CQ (Sigma) dissolved in PBS for 24 h 
to induce M2-to-M1 repolarisation. PBS was used to treat 
the control group for 24 h. The media were aspirated, and 
resultant cells were washed with cold PBS and collected 
for qRT-PCR, western blot and flow cytometry analysis.
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Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)

qRT-PCR was performed to analyse the phenotype of the 
macrophages. RNA extraction was conducted using RNe-
asy kit (Fermentas Life Sciences). cDNA synthesis was 
conducted using Invitrogen SuperScript™ VILO™ cDNA 
synthesis kit. Primers for mouse Arg1, Mrc1, Il12 and Nos2 
were purchased from Sino Biological. qRT-PCR was per-
formed using 7300 Real-Time PCR System (Applied Bio-
systems, Waltham, MA, USA). Agarose gel electrophoresis 
was performed to confirm the right PCR products. The rela-
tive amounts of target mRNAs in the experimental groups 
were normalised to the amounts of target mRNAs in M0 
macrophages.

Western blotting

Western blot was used for autophagy level analysis and 
macrophages phenotyping. The harvested cells were lysed 
on ice with the lysis buffer (Sigma) supplemented with 
the protease inhibitor cocktail (Sigma). An equal volume 
of 2 × sodium dodecyl sulphate sample buffer (Sigma) was 
added and the lysates were boiled for 10 min. Proteins were 
separated by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis and were transferred to blotting membrane 
using Invitrogen  iBlot® 2 gel transfer device. The membrane 
was blocked with 5% skimmed milk (Sigma) at 4 °C over-
night, and then probed with anti-LC3-I, anti-LC3-II, anti-
GAPDH, anti-ARG1, anti-MRC1, anti-IL12 or anti-NOS2 
primary antibodies (Abcam, Cambridge, UK) for 2 h at room 
temperature. After being washed, the membrane was incu-
bated with horseradish peroxide-conjugated goat-anti-mouse 
IgG secondary antibody (Boster, Wuhan, China) for 1 h at 
room temperature. The membrane was then washed again 
and visualised using chemiluminescence kit  (SuperSignal® 
West Pico Chemiluminescent Substrate from Thermo Sci-
entific). The densitometric analysis was conducted using 
ImageJ (version 1.47).

In vitro phagocytosis assay

In vitro phagocytosis assay was conducted by co-culturing 
the macrophages with Hep-2-GFP cells following the pro-
tocol of [18]. M2 macrophages derived from BMDMs were 
pre-treated with 20 μM CQ or PBS for 24 h. Hep-2-GFP 
cells were incubated in 12-well plates at 5 × 105 cells/well 
for 2 h to allow for adherence, after which 1.5 × 106 mac-
rophages were added to each well, and cells were co-cultured 
for 24 h. After incubation, media were aspirated, and cells 
were washed with cold PBS and resuspended in Hanks’ bal-
anced salt solution (Sigma) supplemented with 1% bovine 
serum albumin (Sigma). Flow cytometry was used to detect 

the phagocytosis of Hep-2-GFP cells by the macrophages. 
Phagocytosis was calculated as the percentage of  GFP+ cells 
among F4/80+ macrophages.

In vitro drug sensitivity assay

In vitro drug sensitivity assay was conducted by cultur-
ing Hep-2 cells with macrophage-conditioned media dur-
ing CDDP (Sigma) treatment. The BMDM-derived M2 
macrophages were pre-treated with 20 μM CQ or PBS for 
24 h, and the conditioned media (CM) were collected. The 
BMDM-derived M1 macrophages were pre-treated with 
PBS for 24 h, and the conditioned media (CM) were also 
collected. Hep-2 cells were incubated in 12-well plates at 
5 × 105 cells/well in five different media: BMDM growth 
medium, BMDM growth medium supplemented with CDDP 
(2.5 μM); PBS-treated M2-CM supplemented with CDDP; 
CQ-treated M2-CM supplemented with CDDP, and M1-CM 
supplemented with CDDP. Cells were incubated for 48 h 
before being analysed by flow cytometry to detect the apop-
totic cells.

3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazo‑
lium bromide (MTT) cell viability assay

Hep-2 cells were inoculated at 1 × 105  cells per mL in 
96-well plate in BMDM growth medium supplemented with 
PBS or 20 μM CQ. After the treatment for 48 h, the media 
were discarded and serum-free media (ThermoFisher) were 
added. MTT assay was then performed to analyse the cell 
viability following the manufacturer’s instruction (MTT 
Cell Viability Assay Kit, Abnova, Taiwan). OD570 nm was 
measured in this assay. The viable cells were calculated 
based on the absorbance-cell number titration.

Tumour growth models

Hep-2 laryngeal tumour models were established on 
6–8 weeks old male nu/nu mice. Tumour growth was ini-
tiated by subcutaneous injection of 2 × 106 Hep-2 cells 
and 10% Matrigel (BD Biosciences, Beijing, China) mix-
ture under the right back skin. The sizes of tumours were 
measured every 2 days using calliper. The volume of the 
tumour was calculated by length × width2/2. Mice started 
to receive treatment when the tumour reached approximate 
50 mm3. Mice were divided into four groups (n = 8 for each 
group) and received injections of: CQ (10 mg/kg mouse 
weight), CDDP (2.5 mg/kg mouse weight), CQ + CDDP (CQ 
10 mg/kg + CDDP 2.5 mg/kg) or PBS. This dosage of CQ, 
if converted to human, would be about 1.59 mg/kg human 
weight [19]. The treatment was given every 3 days for five 
times. Mice were killed 21 days after the first injection, and 
the tumours were surgically sectioned for tumour weight 
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measurement and subsequent assays. The mean volume and 
mean weight of the tumours of each group were used to plot 
the tumour growth curves.

Immunohistochemistry and immunofluorescence

PCNA assay and TUNEL assay were used to detect the pro-
liferating and apoptotic cells in the tumour sections, respec-
tively. Tumours that received various treatments were frozen 
sectioned, fixed with paraformaldehyde (Sigma) and embed-
ded in paraffin (Sigma). PCNA assay was conducted using 
PCNA ELISA Kit (4A Biotech, Beijing, China) following 
the manufacturer’s instructions. TUNEL assay was con-
ducted using One Step TUNEL apoptosis assay kit (Beyo-
time, Shanghai, China). The tumour sections were washed 
with PBS and incubated with proteinase K (Sigma) at room 
temperature for 3 min before being stained following the 
manufacturer’s protocol. The imaging was performed using 
fluorescent microscope (Olympus, Tokyo, Japan), and the 
cell counting was performed using ImageJ.

Autophagy detection

Autophagy activity was compared between macrophages and 
between tumours using western blot against lipidated micro-
tubule-associated protein 1 light chain 3 (LC3-II), an indi-
cator of active autophagy [20]. LC3-I, the soluble form and 
precursor of LC3-II, was also subject to the measurement. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
visualised as loading control. LC3-II levels in the treated 
cells and tumours were normalised to the cells and tumours 
in the control groups.

Flow cytometry

For the characterisation of macrophages from the cell cul-
ture, cells were stained for M1 marker MHCII using anti-
MHCII-APC (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) and M2 marker CD206 using anti-CD206-APC (Santa 
Cruz Biotechnology). For in vitro phagocytosis assay, cells 
were probed with anti-F4/80 primary antibody (Santa Cruz 
Biotechnology) and then allophycocyanin (APC)-conjugated 
secondary antibody (Boster, Wuhan, China). For in vitro 
drug sensitivity assay, cells were stained with annexin 
V-FICT (BD Biosciences) and propidium iodide (BD Bio-
sciences, Franklin Lakes, NJ, USA) at room temperature 
for 15 min in the dark. For the characterisation of mac-
rophages from the tumours, the tumours were minced, and 
single cell suspensions were prepared. The cells were first 
incubated with Fc receptor blocker (Innovex Biosciences, 
Middleton, WI, USA) for 10  min on ice, before being 
probed with anti-F4/80, anti-CD11b, anti-CD206 and anti-
MHCII primary antibodies (Santa Cruz Biotechnology) and 

tetramethylrhodamine isothiocyanate (TRITC) goat-anti-
mouse IgG or fluorescein isothiocyanate (FITC) goat-anti-
mouse IgG secondary antibodies (Boster, Wuhan, China). 
All the stained cells were analysed by flow cytometry (BD 
Biosciences, San Diego, CA, USA). Data were analysed 
using FlowJo software (Tree Star, Ashland, OR, USA).

Statistics

Statistical analysis was performed using SPSS 17.0 soft-
ware. All cell experiments were conducted in triplicates. 
The data were representative of three biological replicates 
and presented as mean ± standard deviation (SD) in a sin-
gle experiment if not indicated otherwise. The Student’s t 
test was performed to determine the significance for differ-
ences between two groups. One-way ANOVA was used to 
compare the differences between multiple groups. Signifi-
cance was determined as p < 0.05 (*p < 0.05, **p < 0.005, 
***p < 0.001, ****p < 0.0001).

Results

M1 and M2 macrophages polarisation in vitro

Murine BMDMs at M0 stage were used to generate M1 
and M2 macrophages. The isolated BMDMs at M0 state 
were induced with IFN-γ and LPS for the M1 polarisation, 
and IL-4 for the M2 polarisation (Fig. 1a) [17]. Cells were 
induced for 24 h, and transcriptional analysis was conducted 
using qRT-PCR to assess the polarisation state. ARG1 and 
MRC1 are characteristic of M2 macrophages, while IL-12 
and NOS2 are characteristic of M1 macrophages [17]. It 
was shown in Fig. 1 that the IL-4-induced macrophages 
expressed Arg1 and Mrc1 significantly higher than the LPS/
IFN-γ induced macrophages (****p < 0.0001) (Fig. 1b, c). 
In contrast, the former expressed Il12 and Nos2 significantly 
lower than the later (****p < 0.0001) (Fig. 1d, e). This con-
firmed that LPS/IFN-γ and IL-4 successfully induced M1 
and M2 macrophage polarisation.

Autophagy inhibitor chloroquine (CQ) repolarises 
M2 macrophages to M1 phenotype in vitro

A higher level of autophagic activity was proposed to be 
a signature of M2 macrophages when compared to M1 
macrophages [16]. In this study, this characteristic of M2 
macrophages was verified by the analysis of the microtu-
bule-associated protein 1 light chain 3 (LC3) in the polar-
ised M1 and M2 macrophages. LC3 associates with the 
membrane of the autophagosome and will be converted 
from a soluble form (LC3-I) to a lipidated form (LC3-II) 
during the autophagy process [20]. Hence, LC3-II level 
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is positively correlated with the autophagic activity in a 
cell. The LC3-II level in different macrophage states was 
examined using western blot (Fig. 2a), and densitometric 
analysis demonstrated that M2 macrophages contained 
significantly higher level of LC3-II than M1 macrophages 
(***p < 0.001) (Fig. 2b), indicating that M2 macrophages 
do have higher level of autophagic activity.

To test whether autophagy inhibition could repolar-
ise M2 macrophages to M1 phenotype, the polarised M2 
macrophages were treated with 20 μM CQ, an autophagy 
inhibitor, for 24  h (Fig.  2c). The qRT-PCR analysis 
revealed that after CQ treatment, the transcription of M2 
characteristic genes Arg1 and Mrc1 was down-regulated 
(**p < 0.005), while the transcription of M1 characteris-
tic genes Il12 and Nos2 was up-regulated (***p < 0.001) 
(Fig.  2d). The changes of the protein level of ARG1, 
MRC1, IL12 and NOS2 agreed with the transcriptional 
changes as well (Fig. 2e). This result indicated that CQ 
induced an M2-to-M1 repolarisation. To further confirm 
the repolarisation of the macrophages, fluorescence-acti-
vated cell sorting (FACS) was used to analyse the resultant 
cell populations for CD206 (M2 marker) and MHCII (M1 
marker), respectively. It was demonstrated that compared 
to the control group, the CQ-treated M2 macrophages 
expressed less CD206 but more MHCII, indicating a skew 
to M1 phenotype (Fig. 2f). These results suggested that 
CQ could be an M2-to-M1 repolarising agent.

M2‑to‑M1 repolarisation increases phagocytotic 
tumour cell killing and restores cisplatin (CDDP) sen‑
sitivity of tumour cells

Given the different roles played by M1 and M2 macrophages 
in the tumour microenvironment, it was proposed that repo-
larising M2 macrophages to M1 phenotype could enhance 
their anti-tumour functions [16, 21]. Herein, human laryn-
geal cancer cell Hep-2 cell line was used to test the anti-
tumour ability of the repolarised macrophages. It was first 
assessed whether M2-to-M1 repolarisation enhances direct 
tumour cell killing by phagocytosis. M2 macrophages 
were pre-treated with CQ for M2-to-M1 repolarisation and 
the repolarised macrophages were co-cultured with GFP-
labelled Hep-2 cells for 24 h (Fig. 3a). Flow cytometry was 
used to detect the GFP signal concurrent with F4/80 pan-
macrophage selection marker. The concurrence of the sig-
nals will indicate the phagocytosis of Hep-2-GFP cell by 
macrophages [22]. It was demonstrated that the occurrence 
of GFP was significantly more frequent for the CQ-treated 
M2 macrophages than the vehicle-treated M2 macrophages 
(Fig. 3b, c), suggesting that the M2-to-M1 repolarisation 
led to more active phagocytosis towards the tumour cells.

Besides the phagocytotic killing of tumour cells, it 
was also assessed whether M2-to-M1 repolarisation 
could increase chemotherapeutic efficacy by the release 
of mediators. The CQ-treated M2 macrophages and the 

Fig. 1  Macrophage repolarisa-
tion assay in vitro. a Schematic 
representation of macrophage 
polarisation assay. BMDMs-
derived murine macrophages 
were treated with LPS/IFN-γ or 
IL-4 for 24 h to induce M1 or 
M2 polarisation, respectively. 
The untreated (or undifferenti-
ated) macrophage is regarded as 
M0 phenotype. b–e Transcrip-
tion level of Arg1, Mrc1, Il12 
and Nos2 in three differ-
ently induced macrophages. 
****p < 0.0001 (versus M1 
macrophage)
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vehicle-treated M2 macrophages were pre-cultured for 
24 h, and the conditioned media were collected to grow 
the Hep-2 tumour cells (Fig. 3d). CDDP, a chemotherapeu-
tic agent, was added to the medium, and the apoptosis of 
Hep-2 cells was measured after 48 h incubation. Annexin 
V/propidium iodide apoptosis assay demonstrated that the 
M2 macrophage (vehicle-treated M2) conditioned media sig-
nificantly reduced apoptosis of Hep-2 cells when compared 
to the non-conditioned media (Fig. 3e, f). It suggested that 
M2 macrophages secreted mediators to de-sensitise Hep-2 
cells to CDDP. However, the repolarised macrophage (CQ-
treated M2) conditioned media significantly increased the 
apoptosis of Hep-2 cells again (Fig. 3e, f). The apoptosis of 
Hep-2 cells was unlikely attributed to the tumoricidal effect 
of CQ in the media, as a control experiment showed that 
CQ treatment had no impact on the viability of Hep-2 cells 
in vitro (Fig. S1). Additionally, the effect of the CQ-treated 
M2 macrophages conditioned media was comparable to the 
M1 macrophages conditioned media (Fig. S2). It seemed 
that although M2 macrophages reduce CDDP sensitivity 
of Hep-2 cells, M2-to-M1 repolarisation could reverse this 

effect and this process is mediated by the molecules released 
by the macrophages to the environment.

Anti‑tumour activity of CDDP, CQ and CQ/CDDP com‑
bined therapy in vivo

The therapeutic potential of CQ was investigated in vivo 
using a mouse model of human laryngeal cancer Hep-2 
cells. The Hep-2 cells were subcutaneously injected under 
the skin of the right back of the nu/nu mice. After the sizes 
of the tumours reached 50 mm3, CDDP, CQ, CDDP + CQ or 
the control treatment was given every 3 days for five times. 
It was observed that CQ alone significantly suppressed the 
tumour volume and the tumour weight growth compared to 
the control group. The CQ/CDDP combined treatment had 
a significantly better tumour suppression effect compared 
to the CDDP group as well (Fig. 4a, b). PCNA analysis and 
TUNEL analysis were conducted to dissect the mechanism 
of the anti-tumour effects (Fig. 4c). Quantitative analysis 
showed that there were less PCNA-positive cells in the 
CQ/CDDP combined treatment group, indicating a more 

Fig. 2  Autophagy inhibition repolarises M2 macrophage towards M1 
phenotype. a Western blot and b densitometric analysis of LC3-II 
levels in M1 and M2 macrophages. GAPDH was used as a loading 
control. ***p < 0.001 (M2 versus M1 macrophage). c Schematic rep-
resentation of macrophage repolarisation assay. d Transcription level 
of Arg1, Mrc1, Il12 and Nos2 in M2 macrophages after CQ or vehicle 

treatment. **p < 0.005, ***p < 0.001 (versus vehicle-treated M2 mac-
rophages). e Western blot of ARG1, MRC1, IL12 and NOS2 in M2 
macrophages after CQ or vehicle treatment. f Flow cytometry demon-
strating expression of CD206 and MHCII on the M2 macrophage at 
the 24  h time point following CQ or vehicle treatment
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effective cell proliferation inhibition (Fig. S3A). Meanwhile, 
there were significantly more TUNEL-positive cells in the 
CQ/CDDP treatment group, indicating an enhanced cell 
apoptosis (Fig. S3B). These data suggested the therapeutic 
potential of CQ, as it inhibited tumour growth and improved 
CDDP efficacy.

CQ treatment inhibits autophagy and repolarises 
TAMs to M1 phenotype in Hep‑2 tumours

To understand how CQ affected the tumour growth in vivo, 
it was then assessed whether CQ altered the autophagy 
level and repolarised TAMs in the tumour tissue. Figure 5b 
illustrates that the level of LC3-II significantly increased 
in the CQ-treated group (***p < 0.001) and the CQ/
CDDP combined therapy-treated group (***p < 0.001). 

CQ blocks lysosome acidification and autophagosome 
degradation, which may lead to the LC3-II accumula-
tion [20]. Thus, the elevated level of LC3-II indicated 
a generally impeded autophagy process in the tumour 
tissue. As for the TAMs, flow cytometry was used to 
detect the  CD11b+F4/80+CD206+ M2 macrophages and 
 CD11b+F4/80+MHCII+ M1 macrophages. It was revealed 
that CQ treatment significantly reduced the percentage of 
M2 macrophages in the cell population by more than 50% 
(CQ: **p < 0.005; CQ + CDDP: ***p < 0.001) (Fig. 5c, d). 
Meanwhile, it increased the percentage of M1 macrophages 
by more than 200% (CQ: **p < 0.005; CQ + CDDP: 
**p < 0.005) (Fig. 5e, f). Taking together, these data indi-
cated that CQ reduced the autophagy in the tumour tissue 
and repolarised M2 macrophages to create an M1-dominated 
TAM population.

Fig. 3  Repolarisation of M2 macrophage enhances the phagocytosis 
of macrophages and increases sensitivity of human laryngeal cancer 
cells to cisplatin (CDDP). a Schematic representation of phagocytosis 
assay. GFP-labelled Hep-2 cells (Hep-2-GFP) were co-cultured with 
pre-treated M2 macrophage. The macrophage phagocytosis of tumour 
cells was examined 24 h post-incubation. b Flow cytometry demon-
strating the signal intensity of GFP in the F4/80 positive macrophage. 
c Quantitative analysis of GFP positive macrophage after incubation. 
***p < 0.001 (versus vehicle-treated group). d Schematic representa-

tion of drug sensitivity assay. The M2 macrophages were pre-treated 
with vehicle or CQ (20 μM) for 24 h; the conditioned medium (CM) 
was collected. Hep-2 cells were incubated with conditioned medium 
(CM) and then treated with cisplatin (CDDP, 2.5 μM) for 48 h. Cell 
apoptosis was examined by annexin V/propidium iodide apoptosis 
assay. e Flow cytometry demonstrating the apoptotic cells. f Quantita-
tive analysis of apoptotic cells. **p < 0.005. ns no significant differ-
ence
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Discussion

TAMs are key components in the tumour microenvironment. 
The two subtypes of TAMs, M1 and M2, are tumour-sup-
pressive and tumour-promotive roles, respectively [2, 8]. M2 
macrophages are the dominant subtype of the TAMs in a 
broad range of cancers, including cervical cancer, colorectal 
cancer, pancreatic cancer, breast cancer, laryngeal cancer, 
liver cancer, etc. There is abundant evidence showing that 
M2 macrophages inhibit cytotoxic T cells, promote tumour 
metastasis and help tumour regrowth after chemotherapeu-
tic treatment [7, 8, 23–26]. Hence, the repolarisation of 
TAMs from M2 to M1 phenotype has been proposed long 
before as a cancer treatment strategy. Previously, M2 marker 

antagonists and plant products have been developed as the 
TAM repolarising agents [22, 27, 28].

Considering that M2 macrophages rely on autophagic 
metabolism more than M1 macrophages [16], autophagy 
inhibitors might be a category of compounds that can be 
used as the TAM repolarising agents. Here, for the first 
time, we identified that CQ, an autophagy inhibitor, is able 
to repolarise M2 macrophages to M1 phenotype both in vitro 
and in vivo. In the Hep-2 laryngeal tumour model in mice, 
CQ treatment converted the M2-dominated TAM popula-
tion to an M1-dominated TAM population. LC3-II expres-
sion analysis demonstrated that the TAM repolarisation 
in vivo was associated with a significant reduction of the 
autophagy level in the tumour tissue. These results indicate a 

Fig. 4  In vivo anti-tumour effect of CQ, CDDP and combined treat-
ment. a Tumour growth curves by various treatments in Hep-2 
tumour-bearing mice (n = 8). **p < 0.005 (CQ group versus PBS 
group, CQ + CDDP group versus CDDP group). b Tumour weights 
of different group at the end of treatments. **p < 0.005 (CQ group 

versus PBS group), ***p < 0.001 (CQ + CDDP group versus CDDP 
group). c PCNA analysis and TUNEL analysis of tumour tissues after 
treatment. The PCNA-positive proliferating cells are stained brown; 
TUNEL-positive cells are green. Scale bar was 20 μm
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correlation between autophagy inhibition and TAM repolari-
sation, suggesting that the TAM repolarising agents could 
be developed from autophagy inhibitors.

Beside the ability of repolarising TAMs, CQ also showed 
therapeutic potential in the laryngeal cancer treatment. The 
CQ/CDDP combined therapy was more effective in Hep-2 
tumour growth inhibition than the CDDP treatment alone, 
and the combined therapy demonstrated significantly 
enhanced cell apoptosis and reduced cell proliferation. The 
repolarisation of TAMs induced by CQ might have played 

an important role in this process, since it was proved in this 
study that the M2-to-M1 repolarisation would enhance the 
phagocytotic activity of macrophages towards Hep-2 tumour 
cells. It was also proved that M2 macrophages secreted 
mediators to de-sensitise Hep-2 cells to CDDP, but this 
effect of M2 macrophages could be reversed by M2-to-M2 
repolarisation using CQ. This finding is consistent with 
the proposed tumour-promoting mechanism of TAMs that 
the M2 macrophages secrete regulatory cytokines to pre-
vent tumour cell apoptosis and promote cancer stem cell 

Fig. 5  Combination therapy inhibits autophagy and repolarises M2 
macrophage in vivo. a Western blot and b densitometric analysis of 
LC3-II levels in tumour tissues after CQ, CDDP or CQ/CDDP com-
bined treatment. GAPDH was used as a loading control. c The ratio 
of  CD11b+F4/80+CD206+ M2 macrophages in tumour tissues at the 
end of treatment. d Bar graph showing the percentage of M2 mac-

rophages in tumour tissues. e The ratio of  CD11b+F4/80+MHCII+ 
M1 macrophages in tumour tissues at the end of treatment. f Bar 
graph showing the percentage of M1 macrophages in tumour tissues. 
Data are shown as mean ± SD (n = 8). **p < 0.005, ***p < 0.001. ns 
no significant difference (versus PBS group)
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proliferation [5, 29]. Therefore, the tumour inhibitory and 
CDDP enhancing effect of CQ might be achieved through 
the repolarisation of TAMs.

CQ might have enhanced CDDP treatment outcomes via 
other mechanisms. It is interesting that although CQ did 
not demonstrate cytotoxicity against Hep-2 cells in vitro, 
CQ treatment significantly reduced tumour growth in vivo. 
Besides TAM repolarisation, another possible explanation 
is that the hypoxic, nutrition-deficient tumour microenviron-
ment makes Hep-2 cells rely more on the autophagic metab-
olism. Thus, the inhibition of autophagy might also limit 
tumour growth under this condition. This proposed mecha-
nism was validated in the pancreatic cancer [20]. The pan-
creatic cancer cells have a high basal autophagy level even if 
cultured in media, and autophagy inhibition directly reduced 
tumour cell proliferation in vitro [20]. It has also been pro-
posed that autophagy enables chemotherapy tolerance by 
reducing cyclin D1 in the cell and delaying cell cycle to help 
the tumour cells avoid apoptosis [29]. It has been proved that 
autophagy inhibition directly abolishes apoptosis evasion 
of prostate cancer cells in vitro [30]. Hence, CQ might have 
directly reduced CDDP tolerance of Hep-2 cells through this 
mechanism. Moreover, it was illustrated by Guo et al. that 
M2 macrophages would secrete IL-17 to stimulate chap-
eron-mediated autophagy in tumour cells to help them avoid 
apoptosis [29]. Together, in this study, the effect of CQ on 
tumour inhibition and CDDP enhancement might involve 
multiple mechanisms, including the TAM repolarisation, 
autophagy inhibition in the tumour cells, re-sensitisation of 
the tumour cells to CDDP, and the mutual amplification of 
the above functions.

In this study, a positive influence of autophagy inhibition 
and TAM repolarisation on Hep-2 laryngeal tumour treatment 
was demonstrated. Whereas, it is still contextual dependent 
whether this strategy should be applied for different cancer 
types and at different cancer developmental stages. First, the 
correlation between TAMs infiltration and overall survival 
rate is non-consistent among different types of cancers and 
different stages of cancer development [8]. For many cancer 
types, TAMs are populated with M2 macrophages, and the 
M2 macrophages are considered responsible for the tumour 
development [7, 8, 23–26]. However, exceptions have been 
observed. The major subtype of the TAMs might be the anti-
tumour M1 macrophages instead of M2 [31]. The composi-
tion of TAMs might change between tumour developmental 
stages [32]. Meanwhile, M1 macrophages might contribute to 
tumour malignancy as well [33]. Second, it has been suggested 
that autophagy inhibition plays different roles across tumour 
developmental stages. On one hand, established tumours rely 
on autophagy to generate energy and resist chemotherapeutics 
[20, 29, 30, 34]. On the other hand, there is evidence showing 
that a normal autophagy level prevents spontaneous tumori-
genesis and early development, especially for liver tumours 

[14]. Additionally, some chemotherapeutic agents kill the 
tumour cells through the autophagic apoptosis activation 
[35, 36]. Moreover, autophagy level and TAMs both regulate 
cytotoxic T cell activity [37], adding further complexity to the 
cell interaction network. To sum up, TAMs and autophagy are 
both complicatedly intertwined with tumorigenesis, tumour 
progression and chemotherapeutic drug sensitivity. Compre-
hensive assessment will be required to determine when and 
where to use the autophagy inhibitors and the TAM repolari-
sation strategy.

Conclusion

In conclusion, TAMs usually emerge as the tumour-promoting 
M2-subtype in many cancers. We demonstrated that CQ, an 
autophagy inhibitor, could repolarise TAMs from M2 to the 
anti-tumour M1 phenotype. CQ treatment reduced Hep-2 
laryngeal tumour growth and greatly improved the CDDP 
treatment outcome in the mouse model. This result might be 
attributed to the CQ-induced TAM repolarisation and direct 
autophagy inhibition in the tumour cells. Further tests are 
required before translating these findings to clinical practice. 
It needs to be investigated whether this strategy is applicable 
to other cancer types and different cancer stages.
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