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Abstract. Bone marrow (BM) suppression (also known as 
myelosuppression) is the most common and most severe 
side‑effect of therarubicin (THP) and thereby limits the clinical 
application of this anticancer agent. Lentinan (LNT), a glucan 
extracted from dried shiitake mushrooms (Lentinula edodes), 
exhibits a variety of pharmacological activities. The objectives 
of the present study were to determine the effect of LNT on 
the myelosuppression of THP-treated mice and to examine the 
pharmacological mechanism of these effects. In vivo experi-
ments indicated that non-cytotoxic levels of LNT strongly 
increased blood myeloperoxidase (MPO) activity; improved 
BM structural injuries; increased the numbers of leukocytes 
and neutrophils in the blood and BM; elevated the blood 
levels of granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor (GM-CSF) 
and macrophage colony-stimulating factor (M-CSF); and 
reduced the self-healing period in THP-treated mice. In vitro 
experiments indicated that LNT increased the viability of 
BM-derived macrophages (BMDMs) in a time- and dose-
dependent manner without toxic side-effects and markedly 
increased the release of G-CSF, GM-CSF and M-CSF by 
BMDMs. Further analyses revealed that LNT activated the 
NF-κB and MAPK signalling pathways and promoted the 
nuclear import of p65 and that BAY 11-7082 (a specific inhib-
itor of NF-κB) suppressed the release of G-CSF, GM-CSF and 
M-CSF. Furthermore, we found that U0126, SB203580 and 
SP600125 (specific inhibitors of ERK, p38 and JNK, respec-
tively) markedly inhibited the IKK/IκB/NF-κB-dependent 
release of G-CSF, GM-CSF and M-CSF. In conclusion, LNT 
induces the production of G-CSF, GM-CSF and M-CSF by 

activating the MAPK/NF-κB signalling pathway in BM cells, 
thereby mitigating THP-induced myelosuppression.

Introduction

Therarubicin (THP) is an anticancer agent that acts on the 
chemical structure of DNA to inhibit the abnormal prolifera-
tion of cancer cells. THP is primarily used for the treatment of 
bladder and ureter cancer (1), malignant lymphoma (2), acute 
leukaemia (3), breast (4) and ovarian cancer (5). The most 
common side-effect of THP is bone marrow (BM) suppression 
(as with most anticancer drugs), which primarily manifests 
as granulocytopaenia (6). Recombinant human granulocyte 
colony-stimulating factor (rhG-CSF) is often used to prevent 
granulocytopaenia after radiotherapy and chemotherapy in the 
clinic (7,8). rhG-CSF is associated with high treatment costs 
and adverse reactions (9); therefore, the identification of an 
effective, safe and inexpensive treatment regimen is impera-
tive. Lentinan (LNT) (Fig. 1A), a glucan extracted from dried 
shiitake mushrooms (Lentinula edodes), exhibits pharmaco-
logical effects such as tumour suppression, immune regulation 
and antioxidation both in vivo and in vitro (10). It was recently 
reported that LNT protects against radiation-induced spleen 
cell damage (11) and alleviates the BM damage induced by 
paclitaxel (12). However, no study has reported the role of LNT 
in THP-induced myelosuppression.

Human CSF is mainly secreted by BM cell lines (parti
cularly by BM macrophages) and includes granulocytic 
colony-stimulating factor (G-CSF), granulocytic-macrophage 
colony-stimulating factor (GM-CSF) and macrophage 
colony‑stimulating factor (M-CSF). The secretion of these 
factors by the BM is inducible. As a common inducer, the 
strong inflammatory agent lipopolysaccharides (LPSs) activate 
BM macrophages through multiple signalling pathways, such 
as MAPK, NF-κB (13) and PI3K-AKT (14), thereby inducing 
the production of various inflammatory cytokines (13) and 
colony-stimulating factors (15). CSF receptors (CSFRs) are 
located on the surface of granulocyte-committed haematopoi-
etic progenitor, neutrophils and endothelial cells (16). When 
CSF binds to the receptor, tyrosine phosphorylation of JAK 
family proteins occurs to recruit STAT family proteins. Once 
phosphorylated by JAK, STAT enters the nucleus and binds 
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to the promoter region of target genes, initiating the expres-
sion of effector proteins and inducing the differentiation of 
haematopoietic progenitor cells into mature granulocytes (17) 
to mediate the immune and haematopoietic systems. However, 
the expression of a variety of inflammatory factors induced 
by LPS may increase the risk of immunosuppression after 
chemotherapy. Therefore, researchers are actively searching 
for mild inflammatory immunomodulatory agents to reduce 
this risk.

In the present study, Swiss mouse cells were cultured 
in vitro and used as models to determine the effect of LNT on 
the mitigation of THP-induced myelosuppression. BM-derived 
macrophages (BMDMs) cultured in vitro were used as a model 
to examine the mechanism of LNT-induced CSF production.

Materials and methods

Reagents and animals. THP was purchased from Aladdin 
(Shanghai, China). LNT was purchased from Kanghaipharm 
(Nanjing, China). All antibodies were purchased from Cell 
Signaling Technology (Danvers, MA, USA). Secondary anti-
bodies were purchased from LI-COR Biosciences (Lincoln, 
NE, USA). Inhibitors of ERK, p38, JNK and NF-κB were 
purchased from Sigma‑Aldrich (St.  Louis, MO, USA). 
Swiss mice were provided by Vital River (Beijing, China). 
Six-week-old male and female mice weighing 20±2 g were used 
in the experiments. Swiss mouse programs were implemented 
following a protocol approved by the Institutional Animal 
Care Committee of Shanghai Institute of Biochemistry and 
Cell Biology (Shanghai, China).

BMDMs. The hind femur of Swiss mice was collected. After 
the muscle tissue was removed, BM was obtained by flushing 
the femur with phosphate-buffered saline (PBS) containing 
1% penicillin/streptomycin. Following filtration and centrifu-
gation, an erythrocyte lysis buffer (Beyotime, Shanghai, 
China) was added, and the BM was placed in an incubator. 
BM cells were collected by centrifugation and resuspended in 
RPMI-1640 growth medium containing 1% penicillin/strep-
tomycin, 4% foetal bovine serum (FBS) and 8% L929 cell 
conditioned medium (L929-CM). The medium was exchanged 
every 3 days for the resuspended BM cells. Cells that exhibited 
adherent growth were considered BMDMs. When all BM cells 
were adherent, the medium was changed to BMDM medium 
containing 10% FBS and 10% L929-CM for culture and 
experiments. Cells were counted using a cell counter (18).

L929-CM: L929 cells were purchased from the American 
Type Culture Collection (ATCC; Rockville, MD, USA) at 50% 
confluency and were seeded in RPMI-1640 medium with 10% 
FBS for 5 days. The culture solution was collected and filtered 
through a 0.22-µm membrane filter. The filtrate was stored at 
-20˚C for future usage.

Cell viability assays. Cells were seeded into 96-well plates at 
1x104 cells/well and cultured for 24 h. After 24 h of incuba-
tion with LNT, the medium was exchanged and 10 µl of Cell 
Counting Kit-8 (CCK-8) reagent (Dojindo, Kumamoto, Japan) 
was added. The culture was incubated for another 2 h at 37˚C 
before the absorbance was measured at 450 nm using a micro-
plate reader (Thermo, Waltham, MA, USA).

May-Grünwald and Giemsa (MGG) staining of blood and 
BM smears. The total number of cells in the blood and 
BM was counted using a haemocytometer. Blood and BM 
samples were stained with MGG reagents (Sigma-Aldrich). 
The slides were examined under an inverted microscope at 
a magnification of x100. The relative number of cells was 
calculated (19).

Cytokine assays. Blood samples were collected by cardiac 
puncture. Whole blood was allowed to stand overnight at 4˚C 
and was centrifuged at 12,000 rpm for 20 min to obtain the 
supernatant. Following drug treatment or transfection, the 
cultured cells were centrifuged at 12,000 rpm for 5 min. The 
levels of G-CSF, GM-CSF, M-CSF, TNF-α, IL-6 and IL-1β 
were assayed using Quantikine ELISA kits developed for the 
corresponding mouse cytokines (R&D Systems, Minneapolis, 
MN, USA).

Confocal laser scanning microscopy analysis of p65 nuclear 
import. Following treatment with LNT, BMDMs were 
fixed with 4% paraformaldehyde and incubated with an 
anti-p65 antibody overnight. Cell nuclei were stained with 
4',6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich) for 
20 min. After rinsing with PBS, the nuclear import of p65 was 
examined using a confocal laser scanning microscope (magni-
fication, x2400) (Olympus, Tokyo, Japan).

MPO activity assays in blood and BM cells. Blood samples 
were collected by cardiac puncture, and BM samples were 
obtained by washing the tibiofemoral cavity with PBS. 
Myeloperoxidase (MPO) activity was assayed using an MPO 
Colorimetric Activity Assay kit (Sigma-Aldrich) and is 
expressed as nmol/min/ml (milliunit/ml).

Haematoxylin and eosin (H&E) staining. Mice were 
decapitated, and the complete femur was immersed in 4% 
paraformaldehyde for 24 h, followed by decalcification with 
50% formic acid and 15% sodium citrate for 48 h. The stan-
dard histological technique of paraffin embedding was used to 
create longitudinal 5-µm sections. The sections were stained 
with H&E and examined under an inverted microscope 
(magnification, x40) (IX71; Olympus).

Western blotting. The cells were rinsed with PBS and lysed 
on ice using a lysis buffer (Beyotime) for 40 min. The cell 
lysate was boiled with 2X SDS loading buffer and loaded 
onto a gel for SDS-PAGE. The gels were transferred to a 
nylon membrane and blocked with 5% non-fat milk. The 
membrane was incubated with a primary antibody at 
4˚C overnight, followed by incubation with a fluorescent 
secondary antibody for 2  h. Images were collected and 
analysed using the Odyssey imaging system (LI-COR 
Biosciences).

Statistical analysis. All data are shown as the mean ± standard 
deviation (SD). The results were compared between groups 
using the t-test and one-way analysis of variance (ANOVA). 
P<0.05 was considered to indicate a statistically significant 
result. Statistical analyses were performed with SPSS 19.0 
software (SPSS, Inc., Chicago, IL, USA).
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Results

Ef fect of LNT on colony-st imulat ing factor and 
pro-inflammatory cytokine production in the BMDMs. To 
confirm that LNT was not toxic to BMDMs, we incubated 
BMDMs with various concentrations of LNT (0, 5, 10, 20, 40, 
80, 100, 125, 150 and 200 µM) for 24 h and then determined 
the cell viability by the CCK-8 assay  (Fig.  1B). BMDM 
viability after different periods of incubation (0, 6, 12, 24, 
36, 48, 60 and 72 h) with 40 µM LNT is shown in Fig. 1C. 
LNT exerted no toxic side-effects on BMDMs and increased 
the cell viability over the concentration range of 5-40 µM 
for 6-48 h. We thus defined 10, 20 and 40 µM LNT as low, 
medium and high doses at the cellular level. To evaluate the 
inflammatory and immunomodulatory effect of LNT in the 

BMDMs, we incubated the cells with 10, 20 and 40 µM LNT 
or 200 ng/ml LPS as a positive control group for 24 h. Then, 
we collected the culture supernatant and assessed the secretion 
of the CSFs G-CSF, GM-CSF and M-CSF (Fig. 1D) and the 
pro-inflammatory cytokines TNF-α, IL-6 and IL-1β (Fig. 1E) 
using an ELISA kit. We found that LNT significantly 
stimulated production of G-CSF, GM-CSF, M-CSF and IL-1β 
without affecting TNF-α and IL-6 secretion by the BMDMs. 
The results indicated that LNT significantly stimulated CSF 
production and induced mild inflammation in the BMDMs.

Effect of LNT on NF-κB signalling in the BMDMs. To determine 
the signals upstream to the generation of G-CSF, GM-CSF and 
M-CSF by LNT, we incubated cells with 10, 20 and 40 µM LNT 
for 1 h and determined the activation of IKKα/β, IκBα and p65 

Figure 1. Effect of lentinan (LNT) on colony-stimulating factor and pro-inflammatory cytokine production in BM-derived macrophages (BMDMs). 
(A) Chemical structure of LNT. (B) BMDMs were incubated with various concentrations of LNT (0, 5, 10, 20, 40, 80, 100, 125, 150 and 200 µM) for 24 h, and 
cell viability was then determined by the CCK-8 assay. (C) BMDMs were incubated with 40 µM LNT for 0, 6, 12, 24, 36, 48, 60 and 72 h, and cell viability 
was then determined by the CCK-8 assay. (D and E) BMDMs were incubated with 10, 20 or 40 µM LNT or 200 ng/ml LPS for 48 h. The secretion of G-CSF, 
GM-CSF, M-CSF, TNF-α, IL-6 and IL-1β was measured using an ELISA kit. Data are presented as the mean ± SD of 5 independent experiments; *P<0.05 and 
**P<0.01 vs. the control groups.
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by western blotting. Additionally, an anti-p65 antibody was 
labelled with red fluorescent protein, and the nuclear import 
of p65-NF-κB was examined by laser confocal microscopy. 
We found that LNT activated NF-κB (Fig. 2A) and induced 
the nuclear import of p65-NF-κB (Fig. 2B). To examine the 
relationship between NF-κB and G-CSF, GM-CSF, M-CSF 
in our experimental system, we pre-incubated BMDMs for 
2 h with the NF-κB-specific inhibitor BAY 11-7082 (25 µM). 
After 24 h, ELISA assays were performed to examine the 
effects of the BAY 11-7082 inhibitor on G-CSF, GM-CSF and 
M-CSF secretion (Fig. 4A-C). The LNT-induced expression 
of G-CSF, GM-CSF and M-CSF was mediated by the NF-κB 
signalling pathway.

Effect of LNT on MAPK signalling in the BMDMs. To determine 
the signals upstream of LNT-mediated activation of NF-κB 
signalling, we incubated cells with 10, 20 and 40 µM LNT for 
30 min and determined the activation of ERK, JNK and p38 
by western blotting. We found that LNT activated the MAPKs 
ERK, JNK and p38 in a dose-dependent manner (Fig. 3A). To 
confirm that MAPKs signal upstream of NF-κB-dependent 
production of G-CSF, GM-CSF and M-CSF in our system, the 
levels of the signalling proteins IKKα/β, IκBα and p65 were 
measured after a 1-h treatment with 40 µM LNT. BMDMs were 
pre-treated with the specific ERK inhibitor U0126 (10 µM), 
the specific JNK inhibitor SP600125 (50 µM) and the specific 
p38 inhibitor SB203580 (20 µM) for 2 h. As shown in Fig. 3B, 

Figure 2. Effect of lentinan (LNT) on NF-κB signalling in the BM-derived macrophages (BMDMs). (A) BMDMs were incubated with 10, 20 and 40 µM LNT 
for 1 h, and the activation of IKKα/β, IκBα and p65 was determined by western blotting. (B) BMDMs were incubated with 40 µM LNT for 1 h, an anti-p65 
antibody was labelled with red fluorescent protein, and the nuclear import of p65 NF-κB was examined by laser confocal microscopy. Data are presented as 
the mean ± SD of three independent experiments; **P<0.01 vs. the control groups.
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the suppression of ERK, JNK and p38 phosphorylation also 
decreased the phosphorylation of IKKα/β, IκBα and p65. We 
also measured the effect of U0126, SP600125 and SB203580 
on the production of G-CSF, GM-CSF and M-CSF induced 
by LNT after 24 h. As shown in Fig. 4A-C, the suppression 
of MAPKs decreased NF-κB-dependent G-CSF, GM-CSF 
and M-CSF production. These results indicate that LNT 
increased NF-κB activation by activating the ERK, JNK and 
p38 signalling proteins, which in turn upregulated G-CSF, 
GM-CSF and M-CSF production.

Effect of LNT on serum G-CSF, GM-CSF and M-CSF levels in 
mice treated with THP chemotherapy. MPO, a specific marker 
of myelocytes, is present in the azurophilic granules of cells 
from the myeloid lineage (mainly neutrophils and monocytes). 
To evaluate the effect of LNT on THP-induced myelosuppres-
sion in Swiss mice, we administered various concentrations 
of THP (single dose) by tail vein injection and LNT (one dose 
every 12 h) by intraperitoneal injection after the administra-
tion of THP. Seventy-two hours later, blood samples were 
collected by cardiac puncture to measure serum MPO activity. 
According to the experimental results (Fig. 5A and B), we 
selected 25  mg/kg THP as the toxic concentration and 

20 mg/kg LNT as the therapeutic concentration at the animal 
level. Swiss mice (n=120) were then randomly divided into 
a control group (10 mice), a THP treatment group (55 mice) 
and an LNT + THP treatment group (55 mice). Excluding the 
control group, all of the remaining mice were administered a 
single tail vein injection of THP (25 mg/kg), followed by an 
intraperitoneal injection of LNT (20 mg/kg/12 h). The animals 
were decapitated to obtain bilateral femurs after blood 
sampling by cardiac puncture at 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 
and 21 days. Similarly to the in vitro results, LNT increased 
the levels of G-CSF, M-CSF and GM-CSF in the serum of 
the mice on days 3, 9 and 3 after THP administration, respec-
tively (Fig. 5C-E). These data demonstrated that LNT drove a 
marked increase in the serum levels of G-CSF, GM-CSF and 
M-CSF in mice treated with THP chemotherapy.

Effect of LNT on granulocyte and leukopenia in mice treated 
with THP chemotherapy. As shown in Fig. 6B-E, we evaluated 
the numbers of leukocytes and granulocytes in the blood and 
BM. In the THP treatment group, the numbers of leukocytes 
and granulocytes were markedly reduced at the early stage of 
chemotherapy but returned to normal at 21 days. Compared 
with mice treated with THP, the LNT treatment significantly 

Figure 3. Effect of lentinan (LNT) on MAPK signalling in BM-derived macrophages (BMDMs). (A) BMDMs were incubated with 10, 20 or 40 µM LNT for 
30 min and ERK, JNK and p38 activation was determined by western blotting. BMDMs were pre-treated with U0126 (10 µM), SP600125 (50 µM) or SB203580 
(20 µM) for 2 h and then incubated with 40 µM LNT for 1 h. (B) The activation of IKKα/β, IκBα and p65 was determined by western blotting. Data are 
presented as the mean ± SD of three independent experiments; **P<0.01 vs. the control groups.
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Figure 5. Effect of lentinan (LNT) on serum MPO and G-CSF, GM-CSF, 
M-CSF levels in mice treated with therarubicin (THP) chemotherapy. Swiss 
mice were treated with different concentrations of THP by tail vein injec-
tion and LNT by intraperitoneal injection after the administration of THP. 
(A and B) Seventy-two hours later, blood samples were collected by cardiac 
puncture to measure serum myeloperoxidase (MPO) activity. A total of 120 
Swiss mice were randomly divided into a control group, a THP treatment 
group and an LNT treatment group. Excluding the control group, all of the 
remaining mice were administered a single tail vein injection of THP, fol-
lowed by an intraperitoneal injection of LNT. The animals were decapitated to 
obtain blood sampling by cardiac puncture at 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 and 
21 days. The levels of blood (C) G-CSF, (D) GM-CSF and (E) M-CSF were 
measured using ELISA kits. Data are presented as the mean ± SD of 5 inde-
pendent experiments; *P<0.05 and **P<0.01 vs. the monotherapy THP group.

Figure 4. Effect of NF-κB and MAPK inhibitors on G-CSF, GM-CSF, M-CSF 
in BM-derived macrophages (BMDMs). BMDMs were pre-incubated with 
the NF-κB-specific inhibitor BAY 11-7082 and MAPK-specific inhibitors 
for 2 h, and then incubated with 40 µM lentinan (LNT) for 48 h. ELISAs 
were conducted to examine the effects of this inhibitor on (A) G-CSF, 
(B) GM-CSF and (C) M-CSF secretion. Data are presented as the mean ± SD 
of 5 independent experiments; *P<0.05 and **P<0.01 vs. the control or LNT 
groups.
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reduced the recovery period and maintained a higher number 
of leukocytes and granulocytes. Additionally, H&E staining 
of the BM (Fig. 6A) revealed that in the THP treatment group, 
the BM myeloid/erythroid ratio was markedly reduced at the 
early stage of chemotherapy; acute BM injury began to heal 
at 11 days, and complete recovery was achieved at 21 days. 
The LNT treatment significantly mitigated THP-induced early 
acute BM injury and reduced the healing period to 7 days, with 
complete recovery at 15 days.

Discussion

Therarubicin (THP) is an anthraquinone anticancer drug 
of the adriamycin family. This agent inserts into the DNA 

and interacts with topoisomerase II, thereby blocking DNA 
replication and arresting tumour cells in the G2 phase. As a 
consequence, the tumour cells cannot enter the cell division 
phase, which leads to cell death (20). THP inhibits tumour 
cells with abnormal proliferation and neutrophils with rapid 
cell division. Granulocytopaenia resulting from THP chemo-
therapy often suppresses the immune system, increases the 
risk of infection, extends the treatment period and may be 
fatal (21). Combination therapy with rhG-CSF is commonly 
used to mitigate THP-induced granulocytopaenia in the clinic. 
However, rhG-CSF combination therapy is expensive and asso-
ciated with multiple side-effects (22). Therefore, new strategies 
to prevent or reduce the toxicity of chemotherapy at the level of 
haematopoiesis are essential to improve therapeutic outcome 

Figure 6. Effect of lentinan (LNT) on therarubicin (THP)-induced acute BM injury, granulocytes and leukopenia in mice. (A) The animals were sacrificed 
to obtain bilateral femurs, and the BM structure was stained using H&E and examined with a light microscope (magnification, x400). (B-E) The numbers 
of leukocytes and granulocytes in the blood and BM were evaluated by MGG staining. Data are presented as the mean ± SD of 5 independent experiments; 
*P<0.05 vs. the monotherapy THP group.
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and prognosis for these patients (19). LNT is a β-D-glucan 
extracted from shiitake mushrooms (Lentinus edodes). A role 
for LNT in regulating the immune system has been implicated 
both in vivo and in vitro by several studies (13-22). Moreover, 
LNT has antitumour (23), antioxidation (24) and DNA damage 
repair activities (12). The present study is the first to report that 
LNT significantly stimulates G-CSF, GM-CSF and M-CSF 
production in BMDMs and protects against THP-induced 
myelosuppression in vivo.

Early clinical assessments have demonstrated that the 
major side-effects of THP include leucopaenia and thrombo-
cytopaenia (25,26); patients cannot undergo the second round 
of THP treatment until after 21 days (27,28). As expected, we 
found that 25 mg/kg THP substantially inhibited blood MPO 
activity, reduced the numbers of granulocytes and leukocytes 
in the blood and BM and injured the structure of the BM 
(ruptured BM capillaries and reduced the myeloid/erythroid 
ratio) in Swiss mice. This in vivo study demonstrated that LNT 
significantly mitigated myelosuppression in mice induced by 
THP injection by regulating the numbers of leukocytes and 
granulocytes and by suppressing structural injury in the 
BM. Most importantly, LNT reduced the recovery period of 
THP-induced myelosuppression to 2 weeks, which suggests 
that an LNT injection can simultaneously reduce the radio-
therapy cycle of THP. This finding has great implications for 
the treatment of cancer.

After BM transplantation or chemotherapy, an effec-
tive means to regulate the immune system is to induce mild 
inflammation with polysaccharides  (29,30). The purpose 
of our experiments was to identify a polysaccharide with 
immunomodulatory activity and decreased pro-inflammatory 
activity to reduce the side-effects of chemotherapy. Many 

studies have suggested that LNT can be used as an immune 
modulator to activate the production of various cytokines 
by macrophages  (10,31). In the present study, we isolated 
BMDMs from BM tissue to examine the mechanism of action 
of LNT in regulating myelosuppression after chemotherapy. 
The experiments revealed that non-toxic levels of LNT 
significantly induced the production of G-CSF, GM-CSF and 
M-CSF in BMDMs. Further analysis demonstrated that LNT 
activated the NF-κB signalling pathway in BMDMs in a dose-
dependent manner. After LNT-induced BMDMs were treated 
with NF-κB-specific inhibitors, the production of G-CSF, 
GM-CSF and M-CSF was significantly inhibited; thus, we 
believe that the LNT-induced secretion of G-CSF, GM-CSF 
and M-CSF was due to NF-κB activation. Additionally, the 
present study showed that LNT stimulated the activation of 
the ERK, JNK and p38 MAPK signalling pathways in a dose-
dependent manner. To investigate whether MAPK signalling 
pathway activation was upstream of NF-κB activation in 
our experimental system, we used specific MAPK inhibitors 
that significantly blocked LNT-induced activation of NF-κB 
signalling. More importantly, MAPK inhibitors also blocked 
LNT-induced G-CSF, GM-CSF and M-CSF production by 
BM cells. These results suggest that MAPKs act upstream of 
NF-κB and mediate the production of G-CSF, GM-CSF and 
M-CSF.

In conclusion, the present study is the first to demon-
strate that LNT mitigates myelosuppression caused by THP 
chemotherapy in vivo. In vitro experiments revealed that LNT 
stimulated MAPK and NF-κB signalling to produce G-CSF, 
GM-CSF and M-CSF in BMDMs (Fig. 7). These experiments 
provide conceptual and theoretical support for the treatment of 
granulocytopaenia after clinical chemotherapy.

Figure 7. The mechanism by which LNT mitigates THP-induced myelosuppression.
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