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Abstract
Background  Diffuse large B-cell lymphoma (DLBCL) is a malignant tumour. Although some standard therapies have 
been established to improve the cure rate, they remain ineffective for specific individuals. Therefore, it is meaningful 
to find more novel therapeutic approaches. Macrophage polarisation is extensively involved in the process of 
tumour development. Recombinant hirudin (rH) affects macrophages and has been researched frequently in clinical 
trials lately. Our article validated the regulatory role of rH in macrophage polarisation and the mechanism of PAR-1 
by collecting clinical samples and subsequently establishing a cellular model to provide a scientifically supported 
perspective for discovering new therapeutic approaches.

Method  We assessed the expression of macrophage polarisation markers, cytokines and PAR-1 in clinical samples. 
We established a cell model by co-culture with THP-1 and OCI-Ly10 cell. We determined the degree of cell 
polarisation and expression of validation cytokines by flow cytometry, ELISA, and RT-qPCR to confirm the success of 
the cell model. Subsequently, different doses of rH were added to discover the function of rH on cell polarisation. We 
confirmed the mechanism of PAR-1 in macrophage polarisation by transfecting si-PAR-1 and pcDNA3.1-PAR-1.

Results  We found higher expression of M2 macrophage markers (CD163 + CMAF+) and PAR-1 in 32 DLBCL samples. 
After inducing monocyte differentiation into M0 macrophages and co-culturing with OCI-Ly10 lymphoma cells, we 
found a trend of these expressions in the cell model consistent with the clinical samples. Subsequently, we discovered 
that rH promotes the polarisation of M1 macrophages but inhibits the polarisation of M2 macrophages. We also 
found that PAR-1 regulates macrophage polarisation, inhibiting cell proliferation, migration, invasion and angiogenic 
capacity.

Conclusion  rH inhibits macrophage polarisation towards the M2 type and PAR-1 regulates polarisation, proliferation, 
migration, invasion, and angiogenesis of DLBCL-associated macrophages.
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Introduction
Non-Hodgkin’s lymphoma (NHL) is a haematologi-
cal malignancy, of which diffuse large B-cell lym-
phoma (DLBCL) is one of the prevalent subtypes [1]. 
Chemotherapy with rituximab is currently a standard 
and effective treatment. The article has shown that 
patients who receive rituximab treatment have an 
overall survival rate of approximately 65% in five years 
[2]. Despite the ability of this chemotherapy modal-
ity to improve patient prognosis, abnormalities in the 
tumour microenvironment continue to influence the 
progression of DLBCL [3]. Consequently, it is impera-
tive to explore additional therapeutic options related 
to cell mechanisms, including T-cells, macrophages, 
stromal cells, and other tumour microenvironmental 
cells for DLBCL diagnosis and treatment.

Macrophages are derived from mononuclear phago-
cytes, which have strong heterogeneity and plasticity. 
They can participate in the organism’s immune regula-
tion. The polarisation state of macrophages in different 
microenvironments has different regulatory functions 
on diseases [4]. As the article states, osteoclasts originate 
from macrophages, which regulate the differentiation 
of osteoblasts and participate in the processes of bone 
injury, healing, and so on, during the process of bone 
injury [5]. In the central nervous system, there are differ-
ent types of macrophages, including microglia, and the 
classification of the polarisation state of macrophages 
correlates with the activation state of microglia [6]. Mac-
rophages exhibit different activation states in response to 
changes in the microenvironment. This is also referred 
to as macrophage polarisation. Macrophages are divided 
into two more typically polarised states, M1 (classically 
activated) and M2 (alternatively activated) [7]. M1 mac-
rophage activation elicits an adaptive immune response 
and releases pro-inflammatory cytokines such as Th1 
cytokines tumour necrosis factor (TNF)-α, interleukin-6 
(IL-6) and IL-1β. M2 macrophages release the anti-
inflammatory factors IL-10, TGF-β and Arginase (Arg) 
during activation, contributing to wound healing [8]. 
The imbalance between M1 and M2 is recognised as a 
causative factor in diseases such as cancer [9], cardiovas-
cular diseases [10], liver diseases [11], and neurodegen-
eration [12]. Studies have illustrated that macrophages 
infiltrating the tumour microenvironment are related to 
poor cancer prognosis [13]. This type of cell is known 
as tumour-associated macrophage (TAM), which pro-
motes the proliferation and migration of tumour cells 
[14]. M2 macrophage is tumour-resistant and immuno-
suppressive [15], and the study of the role of M2 macro-
phages in cancer has been recognised in a large number 
of articles. miRNA-induced polarisation of M2 macro-
phages promotes metastasis in colorectal cancer [16]. In 
ovarian cancer, treatment by targeting M2 macrophage 

polarisation has modulated chemoresistance in patients 
[17]. LncRNA can promote breast cancer development 
and metastasis by increasing M2 macrophage polarisa-
tion [18]. These studies investigated approaches that can 
mediate cancer therapy from the perspective of M2 mac-
rophages. Although there have been articles discussing 
the transcriptomic profiles of macrophages in DLBCL 
[19], as well as advances in novel chemotherapeutic 
approaches based on macrophage polarisation in DLBCL 
[20], the treatments remain chemoresistant. Therefore, 
the discovery of promising macrophage polarisation-
based therapies in DLBCL still requires more exploration.

The process of cancer progression and blood clots are 
strongly linked. Thrombin promotes angiogenesis and 
the growth of cancer cells. Numerous studies have dem-
onstrated that thrombin binds with the protease-acti-
vated receptor-1 (PAR-1) to promote tumour metastasis. 
For example, thrombin stimulating PAR-1 mediates the 
progression of breast cancer [21, 22] and melanoma [23]. 
PAR-1 is linked to distant metastasis and overall survival 
of kidney cancer cells [24]. The effect of chemicals on 
thrombin was explored in a clinical study in lymphoma 
[25]. However, the number of studies on thrombin and 
especially PAR-1 in DLBCL is insufficient. Although, 
drugs that clinically target PAR-1 include Vorapaxar, 
Atopaxar hydrobromide, etc. [26], there is still a need for 
more evidence for PAR-1 inhibitors in cancer. In recent 
studies, we have found rH to be a promising therapeu-
tic modality. Hirudin has been used as an anticoagu-
lant, and recombinant hirudin (rH), an inhibitor with 
a potent coagulation effect, has been shown to inhibit 
the proliferation and metastasis of a wide range of can-
cer cells with rH. In a mouse model of prostate cancer, 
it has been shown to inhibit metastasis of transplanted 
tumours following the addition of rH [27]. Studies have 
demonstrated that in certain types of cancer, such as lung 
cancer [28] and laryngeal cancer [29], rH can inhibit the 
proliferation and spread of cancerous cells. rH has been 
shown to mediate macrophage polarisation to regulate 
vascular function in chronic renal failure [30]. Thus, we 
inferred that rH was able to regulate macrophage polari-
sation. There have been several studies on rH and PAR-1 
demonstrating their key functions in disease. In ovarian 
cancer, rH effectively inhibited PAR-1, thereby suppress-
ing tumour cell growth [31]. In non-small cell lung can-
cer, rH could be a potential therapeutic target as a novel 
ning degree inhibitor [32]. In clinical studies in NHL, it 
was demonstrated that the action of thrombin might be 
altered by the addition of rH [25]. Based on these back-
grounds, we reasoned that rH could act as an inhibitor 
of PAR-1. Therefore, it is imperative to investigate the 
function of PAR-1 and rH in DLBCL. This study aimed 
to assess the functions of rH and PAR-1 in DLBLC and to 
investigate their mechanisms of action in TAM.
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Methods and materials
Clinical samples
32 samples of DLBCL patients and the cancer-adjacent 
tissue were obtained from the First Affiliated Hospital 
of Yunnan Province. The samples were histopathologi-
cally identified and had available survival data. The study 
was reported to and approved by the First Affiliated 
Hospital Ethics Committee of Yunnan Province (Issue 
No. YYLH052). All pieces complied with medical ethi-
cal requirements, and informed consent was signed for 
information collection. The clinical sample information is 
shown in Supplementary Tables S1–S2.

Cell differentiation
In a Transwell system, OCI-Ly10 lymphoma cells 
(Chemicalbook, China) were purchased and co-cul-
tured with the differentiated THP-1 cells. In the loga-
rithmic growth phase, human mononuclear THP-1 
cells (Abiowell, China) were incubated with Phorbol-
12-myristate-13 acetate (PMA) for 48 h, then induced 
to differentiate into M0 macrophages. M1 macro-
phages were obtained after the addition of 100 nmol/L 
PMA, 100 ng/mL lipopolysaccharide (LPS) and 20 ng/
mL IFN-γ cultured for 24  h. M2 macrophages were 
obtained by adding 100 nmol/L PMA, 20 ng/mL IL-4 
and 20 ng/mL IL-13 after 48 h of culture [33, 34].

Cell culture and transfection
Human DLBCL cell line OCI-Ly10 cells were cultured 
in RPMI1640 medium containing 10% fetal bovine 
serum and 1% penicillin/streptomycin with 5% CO2 
at 37  °C. When cell fusion reached 80%, plasmids 
were transfected into the cells using Lipomine3000 
(ThermolFisher, USA) and collected after 48  h. PAR-
1-related plasmids were designed and synthesised by 
GenePharma (China).

RT-qPCR
Following the provided instructions, total RNA was 
taken from cultured cells and clinical sample tissues 
by TRIzol (Invitrogen). RNA was isolated using the 
kit (Yeasen, China). Total RNA was transcribed using 
a cDNA synthesis kit (ThermolFisher, USA). β-actin 

was used as an internal reference for normalisation. 
Results were determined by the dissolution curve and 
then calculated via the 2−ΔΔCt. The primer sequences 
are displayed in Table 1.

Immunohistochemistry (IHC)
The pathological tissue sections were preserved with 
4% paraformaldehyde to prepare paraffin slices, and 
the sample tissues were continuously sliced for 4  μm, 
five consecutive sections were made of each sample tis-
sue. After baking, the paraffin sections were dehydrated 
and antigenic repaired. The antibody-PAR-1 (Abcam, 
ab23374, 1:1000) was added and incubated at 37℃. Then, 
a DAB colour development solution (Beyotime, China) 
was used to develop tissue sections. Use ImageJ to count 
the expression of PAR-1 according to the method in the 
article [35].

Flow cytometry
Macrophages were blown repeatedly with a pipette gun 
to obtain a cell suspension. After PBS washing, centrifu-
gation was performed at 500  g for 5  min. The superna-
tant was removed and 1 × 106 cells were taken and added 
to 100ul of PBS buffer, the antibodies CD68 (Abcam, 
ab192847, 1:100) and CD163 (Abcam, ab182422, 1:60) 
were added and incubated at room temperature. PBS 
was washed and detected by a flow cytometer (Thermol-
Fisher, USA). For the detection of macrophage surface 
marker expression in tissues, 5 sections of each sample 
tissue were made and digested using trypsin according 
to the references [36], the treated cell suspension was 
filtered through nylon mesh and processed by centrifu-
gation at 300 g afterwards and the supernatant was dis-
carded. After being washed with PBS, it can be used for 
subsequent assays. Data processing was completed in 
FlowJo.

Enzyme-linked immunosorbent assay (ELISA)
The sample tissue was taken and transferred into a con-
tainer. PBS were added and ground thoroughly, frozen, 
and thawed twice. The treated sample solution was cen-
trifuged at 5000  g for 5  min, and the supernatant was 
taken for subsequent testing. For cell samples, the cell 
culture solution was centrifuged at 1000  g for 20  min, 
and then the supernatant was used for subsequent test-
ing. The standards were diluted in proportion to the gra-
dient according to the instructions. Then, the 50  µl of 
standards were added to each well separately. The criteria 
and samples were labelled with horseradish peroxidase 
(HRP). The assay plate was placed at 37  °C for 60  min. 
The concentrations of IL-6, TNF-α, IL-1β, IL-10, TGF-β 
and Arg were measured by ELISA kit (ThermolFisher, 
USA).

Table 1  The primer sequences of RT-qPCR
Sequence
Reversed 5’-3’

IL-6 ​G​C​G​C​G​A​C​C​A​C​C​C​C​A​G​A ​A​G​T​G​C​A​G​G​G​T​C​C​G​A​G​G​T​A​T​T
TNF-α ​G​A​G​G​C​C​A​A​G​C​C​C​T​G​G​T​A​T​G ​C​G​G​G​C​C​G​A​T​T​G​A​T​C​T​C​A​G​C
IL-1β ​A​G​C​T​A​C​G​A​A​T​C​T​C​C​G​A​C​C​A​C ​C​G​T​T​A​T​C​C​C​A​T​G​T​G​T​C​G​A​A​G​A​A
TGF-β ​G​G​C​C​A​G​A​T​C​C​T​G​T​C​C​A​A​G​C ​G​T​G​G​G​T​T​T​C​C​A​C​C​A​T​T​A​G​C​A​C
Arg ​A​A​A​G​C​T​G​C​G​A​G​T​C​C​T​T​G​G​T​T​A ​C​G​G​G​A​T​A​C​A​G​G​T​C​C​G​T​G​G​T​A
IL-10 ​T​C​A​A​G​G​C​G​C​A​T​G​T​G​A​A​C​T​C​C ​G​A​T​G​T​C​A​A​A​C​T​C​A​C​T​C​A​T​G​G​C​T
β-actin ​C​C​C​T​G​G​A​G​A​A​G​A​G​C​T​A​C​G​A​G ​G​G​A​A​G​G​A​A​G​G​C​T​G​G​A​A​G​A​G
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Western blotting
Cells were lysed using a configured RIPA protein lysate 
to extract the protein solution. The supernatant was col-
lected by high-speed centrifugation at 4 °C for 3 min at a 
low temperature. Protein concentration was determined 
using an enzyme marker at an OD value 562, and the 
actual concentration of the sample was subsequently cal-
culated by the method in the article [37]. Proteins were 
denatured by 100  °C heat, after which SDS-PAGE was 
added to separate the broken gel by electrophoresis and 
transferred to a PVDF membrane. When transferring 
the membrane finished, 5% skimmed milk was used for 
containment. The primary antibody was PAR-1 (Abcam, 
ab117749, 1:1000). GADPH was used as an internal ref-
erence protein. PVDF membrane cropped on the line 
before incubation with antibody. The original strips are 
shown in the Supplementary File.

5-Ethynyl-29-deoxyuridine (EDU)
Cells were inoculated into 24-well plates and incubated 
with 2ul of EDU (Ribobio, China) for 3 h. This was fol-
lowed by paraformaldehyde fixation and staining follow-
ing the manufacturer’s guidelines.

Cell migration, invasion and angiogenesis assay
For Transwell assay, cells were inoculated into the upper 
chamber of the Transwell (Corning, USA) with medium 
without FBS at the bottom, the cell density was 5 × 105/
ml. Then, medium, including PBS, was added to the 
lower chamber. Incubation was next performed for 24 h, 
and a cotton swab was used to scrape the cells mechani-
cally from the upper chamber. At this time, cells migrat-
ing to the bottom were fixed by paraformaldehyde. After 
crystal violet staining, the cells were processed for count-
ing using ImageJ. For wound healing assay, cells were 
seeded at same density into 6-well plates, when the cells 
were fused to more than 90%, cell scratches were created 
using the tip of a 200  µl pipette. Images were obtained 
by microscopy at 0 and 48 h, with 3 images obtained for 
each group. The wound width was measured and anal-
ysed by ImageJ. For angiogenesis experiments, 96-well 
plates were first pre-cooled until the matrix gel solidi-
fied (ACROBiosystems, China). The cells were digested 
and resuspended. The cell density was 2 × 105, cells were 
inoculated into the plate, and the 96-well plate was trans-
ferred to an incubator and incubated at 37  °C for 8  h. 
Tubular structures could be seen in any 3 fields of view 
in each well were observed and recorded at 100x. The 
photographs taken were quantitatively analysed using the 
ImageJ plug-in.

Database analysis
Correlations between genes and different macrophage 
types were analysed using TIMER 2.0. Differential 

expression of genes in DLBCL was analysed using 
GEPIA.

Statistical analysis
The statistics were provided as mean ± SD (standard 
deviation). The differences between the two groups were 
compared by Students’ t-tests. The statistical method of 
one-way analysis of variance (ANOVA) was used when 
comparing more groups, Tukey’s multiple comparisons 
test was used. GraphPad Prism 8.0 software (GraphPad 
Software, Inc., USA) was used to analyse and visualise the 
data. Data represent replications of three independent 
experiments and have been described separately where 
different. P < 0.05 means statistical significance.

Results
Polarisation of macrophages in clinical samples
We collected clinical information and pathological sam-
ples from 32 patients diagnosed with Diffuse large B-cell 
lymphoma (DLBCL) and tumour-adjacent specimens to 
determine the polarisation of macrophages in DLBCL. 
The expression of CD68 + pSTAT1 + cells (M1 macro-
phages) and CD163 + CMAF + cells (M2 macrophages) 
was first examined in diseased and adjacent tissues. 
From the flow cytometry analysis, the positive rate of 
M1 macrophages decreased significantly in disease sam-
ples, while the opposite trend was for M2 macrophages 
(Fig.  1A, B). RT-qPCR was used for detecting the cyto-
kines, and we found that IL-6, TNF-α and IL-1β expres-
sion was reduced in the disease samples, while IL-10, 
TGF-β and Arg expression increased (Fig.  1C). Subse-
quently, the expression level of PAR-1 was detected by 
IHC in the samples, and we found that PAR-1 was higher 
in DLBCL samples (Fig. 1D).

Effects of OCI-Ly10 lymphoma cells on macrophage 
activity and polarisation
To investigate the mechanism of tumour-associated 
macrophage (TAM), we first established a cellular 
model. We co-cultured OCI-Ly10 cells with human 
mononuclear THP-1 cells to study TAM activity and 
polarisation. As shown in the figure, human THP-1 
cells, before induced differentiation, were in the form 
of suspended spheres. Compared with THP-1 cells, 
PMA-induced differentiated M0 macrophages showed 
adherent growth, gradually increased in size, were oval, 
and had a few pseudopods (Fig.  2A). The proportion of 
CD68 + pSTAT1 + and CD163 + CMAF + positive cells in 
each group was detected by flow cytometry. We found 
that in the M0 + OCI-Ly10 group, there were fewer 
CD68 + pSTAT1 + than in the M0. However, the oppo-
site was for CD163 + CMAF+, as demonstrated by a 
higher positivity rate in the M0 + OCI-Ly10 group than 
in the M0 group (Fig.  2B). Subsequently, we tested the 
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concentrations and mRNA expressions of IL-6, TNF-α, 
IL-1β, IL-10, TGF-β and Arg in the supernatant of each 
group by ELISA (Fig. 2C) and RT-qPCR (Fig. 2D), respec-
tively. It was found that they showed the same trend, and 
the concentration and expression of IL-6, TNF-α and 
IL-1β were lower in the M0 + OCI-Ly10 group than in 
the M0 group. While IL-10, Arg and TGF-β were higher 
in the experimental group than in the M0 group. These 
experiments indicated that our in vitro cellular models 
were established successfully, this was demonstrated by 
marked changes in cell morphology, a decrease in M1 
macrophage markers and an increase in M2 markers, 
with the M0 + OCI-Ly10 group used to simulate TAMs.

Effect of recombinant hirudin (rH) on M0, M1 and M2 
macrophage
To investigate the influence of rH on macrophages, we 
used the M0 + OCI-Ly10 co-culture system, and adjusted 
different concentrations of rH in each of the experi-
mental groups. As could be seen from the experimen-
tal results of cck-8 (Fig.  3A), different concentrations 
of rH did not affect the viability of M0 macrophages. 
We subsequently added IL-4 and IL-13 for polarised 
M2 macrophages. LPS and IFN-γ were used to induce 
M1 macrophages. Flow cytometry showed a consistent 
trend for M1 and M2 macrophages. The proportion 

of CD68 + pSTAT1 + positive cells in the experimen-
tal group increased with increased rH concentration 
(Fig.  3B). However, the ratio of CD163 + CMAF + then 
decreased with the addition of rH (Fig.  3C). The sta-
tistics showed a significant difference (Fig.  3D). Then, 
we examined inflammatory factors’ concentration and 
expression levels (Fig.  4A, B). The results of ELISA and 
RT-qPCR showed that the concentration and expression 
of IL-10, TGF-β, and Arg in M1 and M2 macrophages 
were decreased with increasing rH concentration com-
pared to controls. Expression of IL-6, TNF-α, and IL-1β 
increased with increasing rH concentration compared to 
the control group. We also examined the expression of 
PAR-1, and the results of western blotting showed that 
after increasing the rH concentration, the expression of 
PAR-1 was reduced compared to the control (Fig.  4C). 
These findings showed that rH promoted the polarisation 
of M1 types but inhibited the polarisation of M2 macro-
phages and PAR-1.

Effects of PAR-1 on M2 macrophages
We selected M2 macrophages (IL-4/IL-13: +) transfected 
with sh-PAR-1 and pcDNA3.1-PAR-1 to verify how 
PAR-1 affects macrophage polarisation. Transfection effi-
ciency was shown as western blotting results (Fig.  5A). 
Compared to control, CD68 + pSTAT1 + increased after 

Fig. 1  Macrophage polarisation and PAR-1 expression in clinical samples. A CD68 + pSTAT1 + and CD163 + CMAF + were detected by flow cytometry. The 
supporting images of the gating strategy are shown in Supplementary Fig. S1A. B RT-qPCR for the expression of IL-6, TNF-α, IL-1β, IL-10, TGF-β and Arg. 
C Immunohistochemical (IHC) detection of PAR-1 expression in DLBCL tissue and adjacent tissue, scale bar = 50 μm, n = 5. A T-test was used to compare 
the two groups. ****P < 0.0001
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the knockdown of PAR-1 and decreased after PAR-1 
overexpression. However, CD163 + CMAF + showed 
an opposite trend, with a decrease in the positive rate 
after transfection with sh-PAR-1 and an increase in the 
positive rate after transfection with pcDNA3.1-PAR-1 
(Fig. 5B). The statistical results showed significant differ-
ences (Fig. 5C). We then examined the concentration and 
expression of inflammatory factors by ELISA and qPCR 
(Fig. 6A, B). The results of these two experiments consis-
tently showed that knockdown of PAR-1 led to a decrease 
in IL-10, TGF-β, and Arg, and overexpression instead led 
to an increasing trend in them. IL-6, TNF-α, and IL-1β 
showed the opposite results, with knockdown of PAR-1 
leading to an increase in their levels and overexpression 
of PAR-1 decreasing their levels. These results indicated 
that knockdown PAR-1  promotes the conversion of M2 
macrophages to M1 macrophages.

Effect of PAR-1 on OCI-Ly cells
To further investigate the effects of PAR-1 on TAM, we 
used OCI-Ly10 lymphoma cells. We detected the cell 
viability by EDU, invasion by Transwell, and cell migra-
tion by wound healing and used angiogenesis assay after 
co-culture for calculating the blood vessel formation 
(Fig. 7A-D). The results showed that cell viability, migra-
tion index, cell number and tube number decreased after 
knockdown of PAR-1. However, after overexpression 
of PAR-1, these abilities were enhanced. The statistics 
showed significant differences (Fig.  7E). These results 
suggested that PAR-1 promotes lymphoma cells’ prolif-
eration, invasion, migration, and angiogenic capacity.

Discussion
Diffuse large B-cell lymphoma (DLBCL) is a typical and 
highly aggressive form of lymphoma. Although thera-
peutic approaches, such as CD20 monoclonal antibody 

Fig. 2  Validation of marker and inflammatory factor expression in cellular models. A Cell morphology of monocyte THP-1 before and after induction by 
addition of 160 nmol/L PMA. B Flow cytometry revealed positive expression of CD68 + pSTAT1 + and CD163 + CMAF+. The supporting images of the gat-
ing strategy are shown in Supplementary Fig. S1B. C ELISA results showed the concentration of inflammatory cytokines in the different groups of macro-
phages. D RT-qPCR results showed the expression of IL-6, TNF-α, IL-1β, IL-10, TGF-β and Arg. A T-test was used to compare the two groups. ****P < 0.0001, 
***P < 0.001, **P < 0.01 and *P < 0.05
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Fig. 3  The polarisation of the cell after the addition of rH. A CCk-8 showed that there was no fluctuation in the activity of the cells after the addition of 
different concentrations of rH. B The results of the flow cytometry assay showed a positive correlation between the positivity of CD68 + pSTAT1 + and the 
concentration of rH. The supporting images of the gating strategy are shown in Supplementary Fig. S1C. C The flow cytometry assay demonstrated a 
negative correlation between the doses of rH and the positivity of CD163 + CMAF+. The supporting images of the gating strategy are shown in Supple-
mentary Fig. S1C. D Statistical results of marker positivity. One-way ANOVA was for comparison between more groups. n.s, not significant, ****P < 0.0001, 
and *P < 0.05
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Fig. 4  Effects of different concentrations of rH on the concentration and expression of inflammatory factors and PAR-1. A The ELISA data displayed the 
concentration of cytokines in the various macrophage groups. B RT-qPCR showed the expression of inflammatory factors. C Western blotting expression 
showed that PAR-1 was affected by different concentrations of rH. The image showed a cropped blot, the original blot was included in the Supplementary 
file. One-way ANOVA was used for comparison between multiple groups. ****P < 0.0001 and *P < 0.05. n.s, not significant
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[38], rituximab [39], prednisone (R-CHOP) chemoimmu-
notherapy [40] and cyclophosphamide [41], have greatly 
improved the treatment, poor prognosis remains a chal-
lenge in DLBCL. Thus, it is meaningful to investigate the 
regulatory mechanisms in the pathogenesis of DLBCL 
deeply and explore new therapeutic strategies. This study 
found that rH inhibited M2 macrophage polarisation in 
a cell model co-cultured with THP-1 and OCI-L10 lym-
phoma cells and that PAR-1 regulated cell proliferation, 
migration, invasion and angiogenesis.

Macrophages are vital in regulating tumours and are 
frequently linked to cancer growth, migration, invasion, 
and angiogenesis. Macrophages are typically categorised 
based on the specific cytokines, and M1 and M2 macro-
phages are two frequently used macrophage phenotypes 
in current research. The type of polarisation of macro-
phages is usually linked with a poor prognosis in tumour 
patients. In tumours, both M1 and M2 are present, except 
that there is a greater tendency for M1 macrophages to 
convert to M2 [42]. During tumour development, mac-
rophages undergo a phenotypic transition and eventually 

become M2 macrophages. Many studies [43–45] have 
shown that macrophages predominantly exhibit the M2 
phenotype in malignant tumours. CD163 + is widely used 
to detect M2 macrophages. In colorectal cancer (CRC) 
[46], EMT indications were more expressed in clinical 
samples with high CD163 expression. In this study, we 
found that M2 macrophage was higher in disease samples 
by testing 32 clinical samples.

Tumour-associated macrophages (TAMs) have a strong 
immunomodulatory function, as evidenced by their 
pivotal involvement in several aspects of tumour devel-
opment. Some studies illustrate that TAM produces sub-
stances that inhibit immune responses, such as IL-10 and 
IDO metabolites, thereby inhibiting T-cell activation and 
proliferation [47]. Other studies also demonstrate that 
TAM promotes angiogenesis and the growth of tumour 
cells. In lymphomas, TAM is considered an underlying 
cause. In follicular lymphoma (FL) [48], TAM releases 
soluble mediators that cause sustained activation of the B 
cell receptor (BCR). In a model of cutaneous T-cell lym-
phoma, tumour growth is markedly decelerated with the 

Fig. 5  Effect of knockdown and overexpression of PAR-1 on M2 macrophage. A Western blotting examined the efficiency of transfection of sh-PAR-1 
and pcDNA3.1-PAR-1. The image showed a cropped blot, the original blot was included in the Supplementary file. B Effect on cell polarisation after 
transfection with sh-PAR-1 and pcDNA3.1-PAR-1. The supporting images of the gating strategy are shown in Supplementary Fig. S1D. C Statistical results 
of cell polarisation markers from flow cytometry. One-way ANOVA was used for comparison between multiple groups. n.s, not significant, ****P < 0.0001, 
***P < 0.001 and **P < 0.01
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removal of TAM. Many models of macrophage polarisa-
tion have been established to study how TAM regulates 
tumour cells. In HepG2 liver cancer cells [49], A549 
lung adenocytes [33], and MCF-7 breast cancer cells 
[50], models co-cultured with macrophages were estab-
lished successfully for research. Here, in our article, we 
refer to the model of the article [51], which is that THP-1 

monocyte-induced macrophage co-cultured with tumour 
cells. Then, we used OCI-Ly10 with THP-1 to establish 
a model for the analysis of DLBCL. After co-culture, 
LPS/IFN-γ and IL-4/IL-13 were added to induce M1 and 
M2 macrophages, respectively. In our experiments, we 
detected the markers and the levels of cytokines, proving 

Fig. 6  Effect on M2 macrophage after transfection with sh-PAR-1 and pcDNA3.1-PAR-1. A ELISA measured the concentrations of IL-10, TGF-β, Arg, IL-6, 
TNF-α, and IL-1β. B Expression of IL-10, TGF-β, Arg, IL-6, TNF-α, and IL-1β was obtained by RT-qPCR. One-way ANOVA was used for comparison between 
multiple groups. n.s, not significant, ****P < 0.0001, ***P < 0.001, **P < 0.01 and *P < 0.05
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that the cell model was successful, thus continuing with 
later experiments.

As one of the potent anticoagulants, Hirudin has 
immense value in tumour-related research. However, 
due to the limited availability of natural hirudin, recom-
binant Hirudin (rH) is now used in most studies [52]. 
In human highly metastatic lung cancer cells (95D), rH 
was shown to affect the metastasis and invasion of this 
cell [53]. Research has demonstrated that mitosis in 
pancreatic cancer cells can be inhibited by Rh [54]. In 
addition, apoptosis in hepatocellular carcinoma cells 
(SMMC-7721) was promoted by rH [55]. After success-
fully establishing the cell model, we added different doses 

of rH. In DLBCL, we found that rH inhibited the polar-
ization of M2-type macrophages and PAR-1. The article 
has demonstrated that hirudin ameliorates renal fibrosis 
by affecting macrophage polarization [30]. In an animal 
study, hirudin was found to affect inflammatory pathways 
thereby preventing diabetes-induced kidney damage [56]. 
Our findings may provide a basis for the therapeutic role 
of hirudin in DLBCL.

To further investigate the regulatory mechanism in 
DLBCL, we investigated PAR-1, a promising molecular 
target in cancer. There is growing evidence [57–60] that 
it is involved in tumorigenesis and associated with mac-
rophages. PAR-1 overexpression is associated with distal 

Fig. 7  Regulation of cell viability, migration, invasion and angiogenic capacity by knockdown and overexpression of PAR-1. A EDU examined cell viability 
and found that knockdown of PAR-1 reduced cell viability, with the opposite result for overexpression, scale bar = 20 μm. B Transwell assayed the invasive 
capacity of the cells, and the trend after knockdown and overexpression of PAR-1 was consistent with EDU. C A cell wound healing assay tested the 
migratory capacity of cells and found that PAR-1 regulated the migratory capacity. D Angiogenesis experiments demonstrated changes in the number 
of blood vessels following alterations in PAR-1 expression, x100. One-way ANOVA was used for comparison between multiple groups. n.s, not significant, 
****P < 0.0001, ***P < 0.001 and **P < 0.01
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metastasis of cancer cells in various cancer cell lines [24]. 
Cancer cells’ invasive and migratory capacity is increased 
after overexpression of PAR-1 [61]. PAR-1 is directly asso-
ciated with angiogenesis, its expression and VEGF levels 
[62]. Our article found that PAR-1 is highly expressed in 
lymphoma M2 macrophages. We used publicly available 
databases to analyse the expression results of PAR1. The 
GEPIA database results showed that PAR1 showed high 
expression in DLBCL (p < 0.05) (Supplementary Fig. S2E). 
This is consistent with the finding of high PAR-1 expres-
sion in disease samples in clinical samples. We also found 
that PAR-1 could participate in macrophage polarisation, 
release of immuno-inflammatory factors and regulation 
of cell viability, migration, invasion and angiogenesis. 
Analysis of the correlation between PAR-1 and different 
macrophage types using online databases gave unsatis-
factory results  (Supplementary Fig.  S2A-D). However, a 
large number of articles have shown that PAR1 can regu-
late tumour progression through macrophages and that 
there is a close link between them [63–65]. The article 
has been published demonstrating the role of PAR-1 in 
NHL [25], our study further illustrates that PAR-1 pro-
motes M2 macrophage polarisation and promotes lym-
phoma cell activity.

Overall, we identified the regulatory role of rH in TAM 
and the regulatory pathways. However, this proof-of-
concept study is missing information about the valida-
tion of rH in clinical samples and whether it may affect 
drug resistance. Additionally, this article lacks informa-
tion on the combined effects of hirudin and other drugs 
in DLBCL. It has been suggested that the combination 
of hirudin and paclitaxel may alleviate the inflammatory 
response in cardiovascular disease [66, 67]. Rituximab 
as an effective treatment in non-Hodgkin’s lymphoma is 
a future investigation to be explored regarding whether 
they can be combined for better therapeutic effects.
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