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Purpose: : Carrimycin is a newly synthesized macrolide antibiotic with good antibacterial effect. Exploratory 

experiments found its function in regulating cell physiology, proliferation and immunity, suggesting its potential 

anti-tumor capacity. The aim of this study is to investigate the anti-tumor effect of carrimycin against human oral 

squamous cell carcinoma cells in vitro and in vivo . 

Methods: : Human oral squamous cell carcinoma cells (HN30/HN6/Cal27/HB96 cell lines) were treated with gra- 

dient concentration of carrimycin. Cell proliferation, colony formation and migration ability were analyzed. Cell 

cycle and apoptosis were assessed by flow cytometry. The effect of carrimycin on OSCC in vivo was investigated 

in tumor xenograft models. Immunohistochemistry, western blot assay and TUNEL assays of tissue samples from 

xenografts were performed. The key proteins in PI3K/AKT/mTOR pathway and MAPK pathway were examined 

by western blot. 

Results: : As the concentration of carrimycin increased, the proliferation, colony formation and migration ability 

of OSCC cells were inhibited. After treating with carrimycin, cell cycle was arrested in G0/G1 phase and cell apop- 

tosis was promoted. The tumor growth of xenografts was significantly suppressed. Furthermore, the expression 

of p-PI3K, p-AKT, p-mTOR, p-S6K, p-4EBP1, p-ERK and p-p38 were down-regulated in vitro and in vivo . 

Conclusions: : Carrimycin can inhibit the biological activities of OSCC cells in vitro and in vivo , and regulate the 

PI3K/AKT/mTOR and MAPK pathways. 
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Oral squamous cell carcinoma (OSCC) is one of the most common

alignant tumors in the oral and maxillofacial region, with a high ten-

ency of local invasion and lymph node metastasis. Currently, the main

reatment is the combined sequence therapy based on surgery. Despite

rogress achieved in diagnostic and therapeutic strategies, the overall

rognosis of the OSCC patients is poor, with the 5-year survival rate

f only 50% − 60% [ 1 , 2 ]. Chemotherapy is an important part of the

ombined sequence therapy, the recommended first-line drug for ad-

anced head and neck cancer is primarily cisplatin, with other agents

eserved mainly for patients who may not tolerate cisplatin. However,

he clinical application of chemotherapy does not always achieve satis-

actory results. The reasons include the toxic and side effects of tradi-

ional chemotherapy drugs and drug resistance of tumors. 

Traditional chemotherapy drugs include alkylating agent, an-

imetabolic drugs, hormone drugs, platinum drugs, botanical drugs, an-
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ibiotic drugs, molecular-targeted drugs, and so on, which are usually

ombined to exert anti-tumor effect. Because of malnutrition, immune

arrier breakdown induced by radiotherapy and chemotherapy, and is-

hemic necrosis in tumor center, patients with malignant tumor are

ore likely to be involved in perioperative infection. Thus, antibiotic

rugs may play a dual role in anti-infection and anti-tumor functions,

ndicating its importance in cancer treatment. However, there are also

pparent systemic toxicities of current anti-tumor antibiotics, for exam-

le, cardiotoxicity and bone marrow suppression of anthracycline drugs,

ulmonary fibrosis induced by bleomycin and cytotoxicity of human

rythrocyte caused by macrolides [3-5] . Thus, there is an urgent need

f finding new drugs with both good anti-tumor activity and low biotox-

city. 

Carrimycin (trade name: Bite, formerly shengjimycin and bite-

piramycin), a new genetic engineering 16-membered macrolide

ntibiotic, is a mixture of isovalerylspiramycin I, II and III,

nd a certain amount of (iso)butyryl/propionyl/acetylspiramycin III

nd(iso)butyryl/propionyl/acetylspiramycin II ( Fig. 1 a) [6] . Completed
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Fig. 1. A) The structure of the mainly ingredients of carrimycin6. (B-D) the effect of carrimycin on cell viability was measured by the Cell Counting Kit-8 assay. 

The growth of HN30,HN6,Cal27 and HB96 cells treated with carrimycin was inhibited in a time and dose dependent manner, and the IC50(48 h) was shown. All 

experiments were performed three times. 
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hase III clinical trial showed an excellent anti-bacterial effect of car-

imycin, as well as good bioavailability and high biosafety. Further in-

estigation found that carrimycin not only acted as an antibiotic but

lso regulated cell physiology, proliferation and other activities, sug-

esting its potential role on tumor suppression. However, the specific

echanism remained unclear. 

In this study, the anti-tumor effect of carrimycin on OSCC was in-

estigated in vitro and in vivo for the first time. Moreover, we prelimi-

arily explored the molecular mechanism, aiming to provide scientific

asis and experimental data for achieving the clinical application of car-

imycin in OSCC. 

aterials and methods 

ell culture 

Four OSCC cell lines of HN30, HN6, Cal27 and HB96 were used in

his study. HN30 and HN6 were from the National Institutes of Health

f the United States of America. Cal27 was purchased from American

ype Culture Collection (ATCC) (Manassas, USA). HB96 was from our

reviously established in vitro cellular carcinogenesis model of OSCC

 7 , 8 ]. All cells were cultured in Dulbecco’s modified Eagle medium

DMEM) (Gibco, USA) supplemented with 10% fetal bovine serum (FBS)

nd maintained in a humidified atmosphere with 5% CO 2 at 37 °C. Cell

ines were authenticated every six month and regularly tested for bac-

erial contamination or mycoplasma infection. 
2 
ell viability assay 

The effect of carrimycin on cell viability was measured by the Cell

ounting Kit-8 assay (CCK-8, Dojindo Laboratories, Japan) according to

he manufacturer’s protocol. Cells were seeded in triplicate in 96-well

lates at a density of 1.6 × 10 3 /well, and treated with carrimycin at a

oncentration gradient of 50 𝜇g/ml, 25 𝜇g/ml, 12.5 𝜇g/ml, 6.25 𝜇g/ml,

.125 𝜇g/ml and 0 𝜇g/ml. After culturing for 24–96 h, cells were incu-

ated with CCK-8 reagents (10 𝜇l/well) at 37 °C for 2 h. The absorbance

t 450 nm was measured by the enzyme-linked immunosorbent assay

eader(Molecular Devices, USA). 

olony formation assay 

Cells were seeded in 6-well plates at a density of 8 × 10 2 /well

nd treated with carrimycin at a concentration gradient of 10 𝜇g/ml,

 𝜇g/ml and 0 𝜇g/ml. After culturing at 37 °C with 5% CO 2 for 2

eeks, during which fresh medium was changed every three days, the

ell colonies were fixed by 4% paraformaldehyde for 30 min, followed

y staining with 0.5% crystal violet solution. Colonies with more than

0 cells were counted. 

ound-healing assay 

Cells were seeded in 6-well plates and incubated at 37 °C with 5%

O until the bottom of the well was completely covered by a monolayer
2 
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f cells. After 12 h starvation in FBS-free DMEM, 10 𝜇g/ml or 0 𝜇g/ml

arrimycin (diluted with 3%FBS DMEM) were added and wounds were

ade using a 10- 𝜇l pipette tip. Photographs of wound closure at 0 h and

5 h were captured. 

ell cycle analysis 

The cell cycle was labeled using cell cycle detection kit (Signalway

ntibody, USA) and analyzed by flow cytometry. Cells were starved in

BS-free DMEM for 12 h, followed by treating with carrimycin at a con-

entration of 10 𝜇g/ml and 0 𝜇g/ml at 37 °C with 5% CO 2 for 24 h. Cells

ere harvested and fixed with 70% cold ethanol for 2 h. 20 𝜇l RNAse was

dded into each tube and incubated at 37 °C for 30 min. Intracellular

NA was labeled with propidium iodide (PI) at 4 °C for 30 min. The sam-

les were assayed by flow cytometer (FACSCalibur TM , BD Biosciences,

an Jose, CA, USA). The results were analyzed by ModFit LT 

TM software

BD Biosciences). 

poptosis assay by flow cytometry 

Cell apoptosis was analyzed by flow cytometry. Cells were treated

ith carrimycin at a concentration gradient of 10 𝜇g/ml, 5 𝜇g/ml

nd 0 𝜇g/ml at 37 °C with 5% CO 2 for 24 h, and harvested for

ouble-staining with the FITC-Annexin V Apoptosis Detection Kit

BD Biosciences, Franklin Lakes, NJ, USA) according to the manu-

acturer’s instructions. The samples were assayed by flow cytometer

FACSCalibur TM , BD Biosciences, San Jose, CA, USA). The results were

nalyzed by FlowJo software (BD Biosciences). 

estern blot assay 

Cells treated with carrimycin at 0 𝜇g/ml, 5 𝜇g/ml, 10 𝜇g/ml for 24 h

ere lysed in RIPA assay buffer (Sigma-Aldrich, St Louis, MO, USA) and

rotein concentrations were determined using a bicinchoninic acid as-

ay (Abcam, USA). Protein lysates (20 𝜇g/lane) were separated by SDS-

AGE (6–12% gels) and then transferred onto PVDF membranes using a

emidry transfer system (Bio-Rad, USA). The membranes were blocked

n 5% skim milk (Becton Dickson, Bedford, MA, USA) in 1xTBST for 1 h

t room temperature and incubated overnight at 4 °C with the primary

ntibody of 𝛽-actin(Cell Signaling Technology, USA), P53(Cell Signaling

echnology, USA), P21(Cell Signaling Technology, USA), Cyclin D1(Cell

ignaling Technology, USA), Bax(Cell Signaling Technology, USA), Bcl-

(Cell Signaling Technology, USA), cleaved- PARP(Cell Signaling Tech-

ology, USA), PI3K(Cell Signaling Technology, USA), phospho-PI3K p85

Tyr458)/p55 (Tyr199)(Cell Signaling Technology, USA), AKT(Cell Sig-

aling Technology, USA), phospho-AKT (Ser473)(Cell Signaling Tech-

ology, USA), mTOR(Cell Signaling Technology, USA), phospho-mTOR

Ser2448)(Cell Signaling Technology, USA), p70 S6 Kinase(Cell Signal-

ng Technology, USA), phospho-p70 S6 Kinase (Ser371)(Cell Signaling

echnology, USA), 4E-BP1(Cell Signaling Technology, USA), phospho-

E-BP1 (Thr37/46)(Cell Signaling Technology, USA), ERK1/2(Cell Sig-

aling Technology, USA), phospho-ERK1/2(Thr202/Tyr204)(Cell Sig-

aling Technology, USA), p38 MAPK(Cell Signaling Technology, USA),

hospho-p38 MAPK (Thr180/Tyr182)(Cell Signaling Technology, USA)

t a 1:1000 dilution. The membranes were then incubated with

uorescent-based anti-mouse or anti-rabbit IgG secondary antibodies

Cell Signaling Technology, USA) at a 1:10,000 dilution for 1 h at room

emperature. Observation and analysis of immunoreactive bands were

erformed using the Odyssey Infrared Imaging System (LI-COR bio-

ciences, USA). 

umor xenograft assay in nude mice 

BALB/c nude mice (nu/nu, n = 24, 4 weeks old, 18.81 ± 0.8 g) were

urchased from Shanghai Laboratory Animal Center (Shanghai, China)

nd housed under specific pathogen-free(SPF) conditions in the animal
3 
are facilities of the Ninth People’s Hospital, Shanghai Jiao Tong Uni-

ersity School of Medicine. Animal welfare and experimental procedures

ere in compliance with the guide for the Care and Use of Laboratory

nimals (the Ministry of Science and Technology of China, 2006) and

he related ethical regulations of the hospital. The Laboratory Animal

are and Use Committees of the hospital approved all experimental pro-

edures. In brief, a total of 2 × 10 6 Cal27 cells were washed three times

n PBS and suspended in 50 𝜇l DMEM mixed with 50 𝜇l Matrigel (Becton

ickson, Bedford, MA, USA) for a total volume of 100 𝜇l per injection

ite. Subcutaneous injection was performed in the right side of the shoul-

er region. When the average tumor volume reached 100–150 mm [3] ,

he mice were divided randomly into the control group and carrimycin

roup ( n = 6 for each group). In the carrimyicn group, the mice were

rally administered carrimycin solution (52 mg/kg) each day, while the

ontrol group were orally administered saline. The tumor volume and

ice weight were measured every 2 days until the length of the tumor

as greater than 1.5 cm, after which the mice were humanely sacri-

ced by euthanasia. The tumor volume (V) was calculated using tumor

ength (L) and width (W) as V = LxW 

2 /2. Xenograft samples were col-

ected and analyzed by immunohistochemistry, western blot assay and

UNEL assay. 

mmunohistochemistry 

Four-micrometer-thick paraffin-embedded tumor sections were de-

araffinized in xylene and rehydrated in decreasing concentration of

thanol. After heating in water bath at 100 °C with citrate buffer solution

pH = 6.0) for 20 min to retrieve the antigen, sections were incubated in

% H 2 O 2 solution to abscise endogenous peroxidase activity and then in

ormal goat serum for 1 h. Next, the tumor sections were incubated with

rimary antibody against Ki-67 (1:200 dilution, Cell Signaling Technol-

gy, USA) overnight at 4 °C, followed by peroxidase-conjugated goat

nti-rabbit antibody (Cell Signaling Technology, USA) for 1 h at room

emperature. Finally, sections were developed in a substrate solution of

AB and counter-stained with hematoxylin and examined under light

icroscopy. The Ki-67 index was determined by the percentage of Ki-

7-positive tumor cells in three random high-power microscopic fields.

UNEL assay 

For terminal deoxynucleotidyl transferase (TdT)-mediated nick-end

abeling (TUNEL) staining, paraffin-embedded tumors from nude mice

ere assayed for DNA fragmentation using a TUNEL assay with the Flu-

rescein (FITC) Tunel Cell Apoptosis Detection Kit (Abcam, USA). The

ections were rinsed in distilled water after deparaffinization and rehy-

ration, and then incubated in 20 mg/L proteinase K (DAKO, Corpora-

ion, Carpinteria, CA, USA) at 37 °C for 20 min. After treating with 0.1%

riton, the sections were incubated in equilibration buffer and then in

dT enzyme solution in a humidified dark chamber at 37 °C for 2 h.

ell nucleus were stained by DAPI for 10 min. Sections were visualized

sing fluorescence microscope (Leica Micro systems). 

tatistical analyses 

All the experiments were performed at least three times. Data are

resented as mean ± SD. Student’s t -test (unpaired, two-tailed) was used

o assess the difference of independent samples. P < 0.05 was considered

tatistically significant. 

esults 

arrimycin inhibited cell proliferation, colony formation and migration 

bility of OSCC cells 

To evaluate the effect of carrimycin on OSCC cells in vitro , CCK8

ssay, colony formation and wound healing assay were performed. The
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Fig. 2. Carrimycin inhibited colony formation and migration abilities of OSCC cells. (A,B) colony formation ability of HN30, HN6, Cal27 and HB96 cells was 

inhibited after treating with gradient concentration of carrimycin for 14 days. (C-F) Carrimycin decelerated the wound-healing rate of treated cells. All experiments 

were performed three times. ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001. 
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rowth of HN30, HN6, Cal27 and HB96 cells treated with carrimycin

as inhibited in a time and dose dependent manner, and the IC50 (48 h)

as shown for further assays ( Fig. 1 B–D). As shown in Fig. 2 A and B,

arrimycin could effectively suppress the colony formation capacity of

SCC cells. In addition, compared with the negative control, wound

ealing assay revealed a significant migration inhibition of OSCC cells

fter treating with 10 𝜇g/ml carrimycin for 15h ( Fig. 2 C–F). 

arrimycin induced cell cycle arrest in G0/G1 phase 

Flow cytometry was used to assess whether carrimycin could induce

ell cycle arrest. After treating with 10 𝜇g/ml carrimycin for 24 h, the
4 
roportion of G0/G1 phase was significantly increased while that of G2

hase decreased. The proportion of S phase was found to reduce in the

N6, Cal27 and HB96 cells, but no significant difference was observed in

he HN30 cells ( Fig. 3 A and B). Western blot showed the up-regulation of

53 and P21, and the down-regulation of Cyclin D1, which was consis-

ent with flow cytometry results ( Fig. 3 C and D). These results suggested

hat carrimycin could induce G0/G1 phase arrest in OSCC cells. 

arrimycin promoted cell apoptosis in OSCC cells 

Annexin-V and PI double staining was used to mark apoptosis cells.

s detected by flow cytometry, the apoptosis rate of OSCC cells was
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Fig. 3. Carrimycin induced cell cycle arrest in G0/G1 phase in OSCC cells. HN30, HN6, Cal27 and HB96 cells were hungered in FBS-free DMEM for 12 h, followed 

by treating with carrimycin at a concentration of 10 𝜇g/ml and 0 𝜇g/ml for 24 h. After staining with PI, cell cycle was assessed by flow cytometry. The expression of 

cell cycle-related proteins was detected by western blot. (A,B) the proportion of G0/G1 phase was significantly increased while that of G2 phase decreased. (C,D) The 

level of P53 and P21 was up-regulated after treating with gradient concentration of carrimycin (0, 5, 10 𝜇g/ml) for 24 h, while that of CyclinD1 was down-regulated. 

𝛽-actin was used as a loading control. All experiments were performed three times. ns p > 0.05, ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001. 
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romoted with the increase of carrimycin concentration ( Fig. 4 A). In

ccordance with flow cytometry results, western blot showed the down-

egulation of Bcl-2 and up-regulation of Bax. As a key protein of cell

poptosis, PARP was markedly cleaved in a dose-dependent manner

 Fig. 4 B and C). These results demonstrated that carrimycin could pro-

ote apoptosis in OSCC cells. 

arrimycin suppressed tumor growth in vivo 

Xenograft model was established by subcutaneously injecting Cal27

ells in nude mice. After treating with carrimycin by intragastric ad-

inistration for 19 days, the tumor volume was significantly sup-

ressed compared with the NS-treated group, while the mice weight

ad no significant decrease ( Fig. 5 A and B). Immunohistochemistry and

UNEL assays were conducted to evaluate the proliferation marker Ki-
5 
7 and apoptosis of xenograft tumor. The results showed that the expres-

ion of Ki-67 was markedly decreased in the carrimycin-treated group

 Fig. 5 C and D), while the apoptosis was significantly enhanced ( Fig. 5 E

nd F). In western blot of protein lysates extracted from xenograft

amples, carrimycin-treated group showed a significant decrease of p-

I3K, p-AKT, p-mTOR, p-ERK and p-p38 compared with NS-treated

roup( Fig. 5 G and H). Taken together, these findings indicated that car-

imyicn could suppress tumor growth in vivo. 

arrimycin inhibited the biological activity of OSCC cells through 

I3K/AKT/mTOR and MAPK signaling pathways 

To investigate whether carrimycin could affect these pathways, total

nd phosphorylation level of PI3K, AKT, mTOR, S6K, 4EBP1, ERK and

38 were detected. In the Cal27 cells, the expression level of total AKT,
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Fig. 4. Carrimycin promoted apoptosis of OSCC cells. HN30, HN6, Cal27 and HB96 cells were treated with carrimycin at a concentration gradient of 0 𝜇g/ml, 

5 𝜇g/ml and 10 𝜇g/ml for 24 h, and harvested for double-staining with the FITC-Annexin V Apoptosis Detection Kit. Cell apoptosis was assessed by flow cytometry. 

The expression of cell apoptosis-related proteins was detected by western blot. (A) the apoptosis rate of OSCC cells was promoted with the increase of carrimycin 

concentration. (B,C) western blot showed the down-regulation of Bcl-2 and up-regulation of Bax. As a key protein of cell apoptosis, PARP was markedly cleaved in 

a dose-dependant manner. 𝛽-actin was used as a loading control. All experiments were performed three times. ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001, ∗ ∗ ∗ ∗ p < 0.0001. 

6 
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Fig. 5. Carrimyicin suppressed tumor growth in vivo. Xenograft model was established by subcutaneously injecting Cal27 cells in nude mice. After treating with 

carrimycin for 19 days, tumor volume and weight of nude mice were recorded. Immunohistochemistry, western blot and TUNEL assay were conducted. (A,B) the 

tumor volume was significantly suppressed compared with NS-treated group, while the mice weight had no significant decrease. (C,D) the expression of Ki67 was 

markedly decreased in carrimycin-treated group. (E,F) the cell apoptosis of xenograft tumors was significantly enhanced in carrimycin-treated group. (G,H) protein 

lysates extracted from xenograft samples of carrimycin-treated group showed a significant decrease of p-PI3K, p-AKT, p-mTOR, p-ERK and p-p38 compared with 

NS-treated group. All experiments were performed three times. ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001, ∗ ∗ ∗ ∗ p < 0.0001. 

7 
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Fig. 6. The major proteins of PI3K/AKT/mTOR pathway and MAPK pathway were analyzed by western blot. (A-C) In the Cal27 cells, the expression level of total 

AKT, p-PI3K, p-AKT, p-mTOR, p-S6K, p-4EBP1, p-ERK and p-p38 significantly decreased after treating with carrimycin for 24 h. The same effect was observed in the 

HN6 cells. In addition, total ERK and total p38 were also down-regulated in the HN6 cells. All experiments were performed three times. ns p > 0.05, ∗ p < 0.05, ∗ ∗ p 

< 0.01, ∗ ∗ ∗ p < 0.001, ∗ ∗ ∗ ∗ p < 0.0001. 
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-PI3K, p-AKT, p-mTOR, p-S6K, p-4EBP1, p-ERK and p-p38 significantly

ecreased after treating with carrimycin for 24 h. The same effect was

bserved in the HN6 cells. In addition, total ERK and total p38 were also

own-regulated in the HN6 cells ( Fig. 6 A-C). Our western blot results

ould partially explain the inhibition effect of carrimycin on OSCC cells.

iscussion 

In our study, we demonstrate that carrimycin can suppress the pro-

iferation, colony formation and migration ability of OSCC cells, as well

s induce cell cycle arrest and apoptosis. Animal experiment verify

he same effect on xenograft tumors in vivo . Carrimycin-induced down-

egulation of PI3K/AKT/mTOR pathway and MAPK pathway may par-

ially explain the potential mechanism of its inhibition effect. 

Anti-tumor antibiotic drugs consist of anthracyclines, macrolides,

lycopeptides, phenylalanine pyrrole, enediyne and quinoxaline, with

igh bioavailability and biosafety. Reviewing previous studies on anti-

umor mechanism of antibiotics, we summarize the mechanism as fol-
8 
ows: destroying the double helix structure of DNA through free radical

amage to interfere DNA replication, suppressing cell mitosis through

nhibiting the depolymerization of tubulin, suppressing the key pro-

eases of tumor cells to inhibit biological activities [9] . When it comes

o macrolides antibiotics, immunosuppressor rapamycin inhibits tumor

rogression through targeting mammalian target of rapamycin (mTOR)

10] . Epothilone binds to microtubulin to suppress mitosis, and its

nalogs were reported to down-regulate the phosphorylation of AKT,

RK and p38 [11–13] . Another macrolides antibiotic tanespimycin(17-

AG), an inhibitor of HSP90, has also been proven to suppress p-ERK

nd p-AKT levels [14-17] . 

Since there’s little study reporting the possible mechanism of

arrimycin on tumor inhibition, based on the theories mentioned

bove, we hypothesize that carrimycin may exert its function through

I3K/AKT/mTOR pathway and MAPK pathway. 

PI3K/AKT/mTOR signaling pathway is one of the major survival

ateways of tumor cells, which serves as a cross point of multiple growth

timuli and regulates several cellular processes that contribute to the ini-
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iation and maintenance of cancer. Over-activation of PI3K/AKT/mTOR

cts on its downstream substrates, leading to tumorigenesis through pro-

otes tumor proliferation, migration and angiogenesis [ 18 , 19 ]. Results

n our study showed that carrimycin could markedly decrease the ex-

ression of p-PI3K, total AKT, p-AKT, p-mTOR, p-S6K, p-4EBP1 in a dose

ependent manner in OSCC cell lines. 

ERK and p38 belong to the mammalian family of mitogen-activated

rotein kinases (MAPKs) [20] . The MAPK pathways can be activated by

iverse extracellular and intracellular stimuli. The main function of ERK

ignaling pathway is promoting cell growth and differentiation, and in-

ibition of p-ERK leads to tumor suppression, which is consistent with

ur study results. The function of p38 MAPK in cancer development is

omplex because of the wide range of cellular responses that it mod-

lates [ 20 , 21 ]. In our study, the phosphorylation of p38 was down-

egulated, suggesting that carrimycin mainly impaired the function of

38 as a tumor promoter. 

When it comes to clinical translation, macrolide antibiotic rapamycin

s limited in its application due to its poor water solubility, poor ab-

orption capacity and low bioavailability [22] . There were several stud-

es about its derivatives, such as everolimus, ridaforolimus and tem-

irolimus. Preclinical studies revealed a tumor inhibition effect of these

rugs. However, the results of clinical trials were discouraging due to

evere side effects and high toxicity. In a small sample phase II trial of

verolimus, no objective responses were seen while three patients with-

rew due to toxicity [23] . Clinical trials of macrolide antibiotics in com-

ination with other drugs also showed poor therapeutic effect or severe

ide effects [24-27] . With good bioavailability and high biosafety con-

rmed by phase I clinical trial (data unpublished), carrimycin showed

 promised future in clinical application. 

However, it is worth noting that carrimycin is a compound whose

ain ingredients include isovalerylspiramycins I, II and III. The anti-

umor mechanism of each component is not clear yet and needs further

nvestigation. 

onclusion 

Our study verifies the anti-tumor effect of carrimycin on OSCC cells

n vitro and in vivo for the first time, and reveals that carrimycin may

xert its effect through PI3K/AKT/mTOR pathway and MAPK pathway.
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