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Introduction: Mannose, a major monosaccharide component of N-glycans, involves in the 
glycometabolism of human body. Recently, mannose has been shown to suppress tumor 
growth through enhancing chemosensitivity and reducing the activity of mannose phosphate 
isomerase (MPI). However, it is largely unknown whether mannose exerts effects on non- 
small cell lung cancer (NSCLC).
Materials and Methods: First, a mannose IC50 assay was conducted to find a suitable 
concentration of mannose for cell experiments. Then, vitro studies including CCK-8 assay, 
scratch wound healing assay, and TUNEL assay were performed to evaluate the effects of 
mannose on A549 cells, and an animal model was established to evaluate the antitumoural 
effect of mannose on NSCLC in vivo. Finally, immunohistochemistry was done to detect the 
expression of MPI by Rabbit Anti-MPI.
Results: In this study, a concentration of mannose, 15mM, was used to explore the 
suppressive effect of mannose on A549 cells. CCK-8 assay demonstrated that mannose 
significantly inhibited the proliferation of A549 cells and enhanced the anti-tumor efficacy 
of carboplatin. Wound healing assay showed that mannose inhibits the migration of A549 
cells, and mannose-induced migration inhibition was more efficient in A549 cells treated 
with carboplatin. TUNEL assay demonstrated that mannose significantly enhanced the 
efficacy of carboplatin to promote apoptosis treated by mannose (15mM) or carboplatin. 
The results of animal experiments revealed that the size and weight of tumors derived from 
A549 cells treated with mannose were smaller than those derived from control cells, and co- 
treatment with mannose and carboplatin had most efficient inhibition on tumor growth. MPI 
expression detection showed that the expression level of MPI in the stage Tis (tumor in situ) 
was the highest, while the stage IV has the lowest.
Discussion: Collectively, our findings suggest that mannose inhibited cell proliferation and 
migration, promoted cell apoptosis and enhanced the efficacy of carboplatin in lung adenocarci-
noma. Preliminary results showed that mannose had less side effect on health. In the future, 
mannose may be a potential candidate drug for adjuvant therapy of lung adenocarcinoma.
Keywords: mannose, NSCLC, cancer

Introduction
Lung cancer is one of the most prevalent cancers and the leading causes of cancer- 
related death worldwide.1 According to the latest Chinese lung cancer report, there 
were 781,500 new diagnosed cases along with 626,400 of the lung cancer-related 
death in 2014.2 Approximately 85% of lung cancer cases are non-small cell lung 
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cancer (NSCLC), and lung adenocarcinoma is the com-
monest subtype of NSCLC.2 Majority of lung cancer 
patients are diagnosed at advanced stages. Nowadays, a 
variety of treatment strategies, including chemotherapy, 
radiotherapy, novel targeted therapy and immunotherapy 
have been developed to improve the survival of advanced 
NSCLC.3 However, the drug resistance remains the major 
cause of treatment failure and relapse in NSCLC.

Mannose is a glucose-related simple sugar. Previous 
studies on infection revealed that mannose and its deriva-
tive, mannoside, were beneficial to motivate the adhesion 
of bacteria in infection.4 Nowadays, it was found that 
mannose could influence tumor growth. Growing tumor 
cells have increased metabolic demands outstrips energy 
supply, while the main resource of energy is saccharides. 
Recently, a research reported that mannose could impair 
tumor growth and enhance chemotherapy response in 
solid-tumor xenografted model without obvious side 
effects.5 The anti-tumor effect of mannose was depended 
on the expression of mannose phosphate isomerase (MPI). 
As a major enzyme In glucose metabolism, MPI was more 
effective in tumors with relatively lower MPI expression.6 

And MPI inhibitor restored the sensitivity of MPI-over-
expressed tumors to mannose.5 All these previous findings 
indicated that mannose might be useful in the treatment of 
human malignances.

In the present study, we aimed to investigate the effect 
of mannose on lung adenocarcinoma both in vitro and in 
vivo.

Materials and Methods
Reagents
RPMI-1640, fetal bovine serum (FBS) and penicillin/ 
streptomycin were purchased from Thermo Fisher 
Scientific, Inc. (Waltham, Ma, USA). Cell counting Kit-8 
(CCK-8) was purchased from Dojindo molecular 
Technologies, Inc. (Kumamoto, Japan). Rabbit Anti-MPI/ 
Mannose Phosphate Isomerase antibody (bs-18654R) was 
purchased from Bioss, Inc. (Beijing, China).

Cell Culture
The human lung adenocarcinoma cell line A549 was pur-
chased from the Cell Bank of the Chinese Academy of 
Science (Shanghai, China), and cultured in RPMI-1640 
medium supplemented with 10% FBS, 1x10 µg/mL peni-
cillin and 1x10 µg/mL streptomycin at 37 °C under a 
mixture of 95% air and 5% CO2.

IC50 and CCK-8 Assay
Mannose (purity>99%; Aladdin, Shanghai, China) was 
stored in solid form and dissolved in RPMI-1640 to differ-
ent final concentrations (4, 8, 12, 16, 24, 32, 40, 48mM). 
A549 cells were plated into 96-well plate, and then incu-
bated with various concentrations of mannose for 24h to 
48h. Following addition of CCK-8 reagent to each well of 
plate, and 1h incubation at 37 °C, the absorbance at a 
wavelength of 450 nm was measured with a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
Then IC50 was calculated and the concentration less than 
IC50 was used for CCK-8 assay. The steps of CCK-8 assay 
were similar to the above. There were four groups [Control; 
15mM mannose (group M); 8mg/L carboplatin (group C); 
15mM mannose+8mg/L carboplatin (group MC)].

Scratch Wound Healing Assay
To measure the effect of mannose on cell migration ability, 
scratch wound healing assay was applied. A linear wound 
was made by scraping a nonopening pipette across the 
confluent cell layer, 24h after treatment with mannose 
(15mM) or carboplatin (8mg/L). There were four groups 
[group control; 15mM mannose (group M); 8mg/L carbo-
platin (group C); 15mM mannose+8mg/L carboplatin 
(group MC)]. Cells were washed twice to remove detached 
cells and debris. And then, the size of wounds was 
observed and measured under the microscope at the indi-
cated times. The results were analyzed by IMAGE J soft-
ware (1.48, National Institutes of Health).

TUNEL Assay
On reaching 75% confluence, A549 cells were treated with 
15mM mannose or 8mg/L carboplatin for 48h. Then fixed 
with 4% paraformaldehyde and permeabilized with 1% 
Triton X-100. DNA fragmentation was determined by 
TdT-mediated dUTP nick end-labeling (TUNEL) as 
described by the manufacturer. There were four groups 
[group control; 15mM mannose (group M); 8mg/L carbo-
platin (group C); 15mM mannose+8mg/L carboplatin 
(group MC)]. Then, fluorescent images were taken by an 
EVOS fluorescent microscope (Nikon Corp., Tokyo, 
Japan). The results were analyzed by IMAGE J software.

In vivo Experiment
Six-week old female BALB/c nude mice purchased from 
KeyGEN BioTECH Corp., Ltd. (Jiangsu, China) was raised 
in specific pathogen-free environment with 12-hour light/dark 
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cycles. A549 cells (1x106) were suspended in 100µL PBS and 
injected subcutaneously in the left armpit of each mouse. 
When tumors reached a minimum volume of 1 cm3, 16 
Mice were randomly divided into 4 groups of 4 each. The 
mice were injected intraperitoneally with different reagents 
[5% glucose (group G/control); 5% mannose (group M); 5% 
glucose+0.5mg/mL carboplatin (group GC); 5% mannose 
+0.5mg/mL carboplatin (group MC)] at 7 p.m. every day.7 

Detailed scheme is showed in Figure 1. The total injection 
time for all reagents was 30 min. To evaluate if high-dose 
exogenous mannose intake would affect the health of mice, 
we detected the weight and blood glucose of mice. The weight 
of the mice and the tumor sizes were measured before and 1 
day after treatment. And the blood concentration of blood 
glucose were measured every 14 days. At the 29th day after 
the first treatment, nude mice were sacrificed by cervical 
dislocation with no anaesthetic, and tumors were peeled off 
and weighed. And a portion of each tumor body was made a 
pathological section for Immunohistochemical tests for the 
detection of MPI. In the experiment, there were no multiple 
tumors in nude mice. All protocols were approved by the 
Animal Ethics Committee of the Medical School, Southeast 
University (Nanjing, China), and followed the Regulations for 
Ethical Review of Laboratory Animals in Southeast 
University for the welfare of the animals. All the experiments 
were carried on at the Specific Pathogen Free (SPF) Animal 
House of the Medical School, Southeast University.

MPI Detection
Each stage (Tis; I; II; III; IV) of lung adenocarcinoma 
pathological sections and normal lung tissue pathological 
sections were obtained from Department of pathology of 
Zhongda Hospital and the quantities of each were about 20 

From January 2018 to December 2019. Then immunohis-
tochemistry was done to detect the expression of MPI by 
Rabbit Anti-MPI. The results of immunohistochemistry 
were recorded by fluorescence microscope (Nikon Corp., 
Tokyo, Japan) and analyzed by Image-Pro Plus software 
(6.0, MEDIA CYBERNETICS).

Statistical Analysis
All the experiments were performed in triplicate on three 
independent occasions. All the data are presented as the 
mean±standard deviation of three independent experi-
ments. One-way analysis of variance (one-way ANOVA) 
were used to analyze the data obtained from multiple 
groups. Differences were considered statistically signifi-
cant at P<0.05.

Figure 1 Detailed schemes of animal experiments.

Figure 2 The IC50 assay results of mannose in A549 cells.
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Results
Mannose Inhibits the Proliferation of 
A549 Cells and Enhances the Efficacy of 
Carboplatin
As shown in Figure 2, the IC50 of mannose was 32.4mM. A 
lower concentration of mannose, 15mM, was used to explore 
the suppressive effect of mannose on A549 cells. CCK-8 
assay demonstrated that mannose significantly inhibited the 
proliferation of A549 cells and enhanced the anti-tumor 
efficacy of carboplatin after 48h of treatment (Figure 3).

Mannose Inhibits the Migration in Parental 
A549 Cells and Carboplatin-Treated A549 
Cells
Wounding healing assay showed that mannose inhibits the 
migration of A549 cells. More importantly, mannose- 
induced migration inhibition was more efficient in A549 
cells treated with carboplatin (8mg/L) for 24h (Figure 4). 
The results showed that significant differences were observed 
between 4 groups.

Mannose Enhances the Efficacy of 
Carboplatin to Promote Apoptosis in 
A549 Cells
Results of TUNEL assay demonstrated that mannose sig-
nificantly enhanced the efficacy of carboplatin to promote 
apoptosis treated by mannose (15mM) or carboplatin 
(8mg/L) for 48h (Figure 5). The results showed that sig-
nificant difference was observed between group C and 
MC. No difference was observed between group NC (nor-
mal control) and group M, but the apoptosis rate of group 
M was higher than group control.

Figure 3 The CCK-8 assay results of mannose in A549 cells. A549 cells were 
treated with four different intervention conditions for 48h. The inhibition rate was 
detected by CCK-8 assay. OD, optical density. Data were presented as the mean 
±standard deviation (n=3); *P<0.05, **P<0.01. CCK-8, Cell Counting Kit-8.

Figure 4 The results of wounding healing assay revealed that mannose in A549 cells. A549 cells treated with four different intervention conditions for 48h (A). The scratch 
closure rate was detected by IMAGE J software (B). Data were presented as the mean±standard deviation (n=3); **P<0.01, ***P<0.001.  
Abbreviations: M, mannose; C, carboplatin; MC, mannose+carboplatin.
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Mannose Suppresses Tumor Growth in 
vivo and Enhances the Efficacy of 
Carboplatin
Animal experiments were designed to further prove 
whether mannose inhibited the growth of NSCLC tumor 
and enhanced the efficacy of carboplatin in vivo. The 

results revealed that the size and weight of tumors derived 
from A549 cells treated with mannose was smaller than 
those derived from control cells. Additionally, co-treat-
ment with mannose and carboplatin had most efficient 
inhibition on tumor growth (Figure 6). According to 
ANOVA and Dunnett’s test, significant differences were 
observed between group M and group G, and significant 
differences were also observed between group C and 
group MC. To monitor the health status of mice, the 
body weight and blood glucose were detected regularly 
(Figures 7 and 8). According to ANOVA and Dunnett’s 
test, no difference was found between four groups.

MPI Expression in Lung Adenocarcinoma
In order to assess MPI expression level and its effect on 
prognosis, lung adenocarcinoma tissue sections were 
investigated by immunohistochemistry. The positivity of 
MPI was found to be negatively correlated with tumor 
stages. The expression level of MPI in the stage Tis 
(tumor in situ) was the highest, while the stage IV has 
the lowest (Figure 9).

Discussion
Previously, researches have been carried on to study the 
role of mannose in affecting normal monosaccharide. 
Decades ago, mannose was used as medicine to treat 
urinary tract infection.8 Recently, a special application of 
mannose for suppressing tumor growth was found and 
none of the other monosaccharide had the function of 
impairing tumor growth.6

Mannose has been proven to impair tumor growth and 
enhance chemotherapy when the expression level and 

Figure 5 The results of TUNEL assay in A549 cells mannose treated with four different 
conditions for 48h (A, B). TUNEL staining was performed on histological sections of 
tumor tissue to detect apoptotic cells. Positive TUNEL staining was observed as light 
green granules in the cytoplasm. Data were presented as the mean±standard deviation 
(n=3); ***P<0.001.  
Abbreviations: M, mannose; C, carboplatin; MC, mannose+carboplatin; TUNEL, 
transferase dUTP nick end-labeling.

Figure 6 The results of Animal experiments illustrated the effect of mannose on tumor growth. The nude mice that were transplanted with A549 cells were randomly 
divided into four groups (A). Treatment was administered by intraperitoneal injection of drugs for 28 days. The tumors in each group were dissected and imaged. The 
measurements of tumor weight were presented (B). Data were presented as the mean±standard deviation (n=3); *P<0.05.  
Abbreviations: G, glucose/control; M, mannose; GC, glucose+carboplatin; MC, mannose+carboplatin.
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activity of MPI was low among several cancer cells.6 

According to that experimental results, we were interested 
in that whether mannose could influence lung cancer cells. 

In the present study, our experimental results showed that 
mannose can inhibit the proliferation and migration of 
A549 cells and enhance the efficacy of carboplatin in 
A549-xenografted tumors. Cell apoptosis was significantly 
increased with the co-treatment of mannose and carbopla-
tin both in vitro and in vivo.

And we evaluated the mice health through detecting 
the body weight and blood glucose of mice and did not 
find significant difference between groups. There was no 
visible influence occurred on mice during experimentation. 
And the tumor tissue loss had significant difference 
between groups. Mannose suppressed lung adenocarci-
noma cell growth possibly by interfering with glucose 
metabolism in cancer cells.5,9 Researches had proved that 
the effect of mannose for suppressing cancer was nega-
tively related to the expression level of MPI.5 Moreover, 
the level of MPI was found to be lower in tumor tissues at 
advanced stage. The expression level of MPI may be 
connected with the growth and death of cancer cells. As 
previously reported, MPI loss induced p53 and suppressed 
the Warburg effect of tumor cells.10 Additionally, studies 
had found that mannose could stimulate Treg cell differ-
entiation in human and mouse cells by promoting TGF-β 
activation in vitro, which might enhance immune function 
of body.11 And the significant association between high 
level of d-mannose and better prognosis was determined in 
patients with esophageal adenocarcinoma receiving 
chemotherapy.12 Therefore, increased plasma mannose 
level maybe a protective factor against cancer.

In conclusion, our findings demonstrated that mannose 
inhibited cell proliferation and migration, promoted cell 
apoptosis and enhanced the efficacy of carboplatin in lung 
adenocarcinoma. Preliminary results showed that mannose 
had less side effect on health. Therefore, mannose could 
probably solve the problem of drug resistance during 

Figure 7 The body weight of mice were measured at 29th day of injection, the 
mice body weight was measured. Data were presented as the mean±standard 
deviation (n=3).

Figure 8 The blood glucose of mice was detected at 29th day of the animal 
experiment, the mice blood glucose was measured. Data were presented as the 
mean±standard deviation (n=3).

Figure 9 The results of MPI detection of each stage of lung adenocarcinoma tissues. Twenty tissues were collected from lung adenocarcinoma patients in different stage (TIs, 
I, II, III, IV) and used to detect relative positivity of MPI. The immunohistochemistry results imaged by fluorescence microscope (A). The MPI expression level was detected 
by Image-Pro Plus software. IOD, integrated optical density (B). Data were presented as the mean±standard deviation (n=20); **P<0.01, ***P<0.001.
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chemotherapy. In the future, mannose may be a potential 
candidate drug for adjuvant therapy of lung adenocarci-
noma. The present research had a number of limitations. 
The specific mechanism through which mannose inhibited 
cell proliferation and migration, promoted cell apoptosis 
remain unclear. Much more study will be carried out to 
explore the mechanism by which mannose and MPI regu-
lated the chemosensitivity in lung adenocarcinoma.
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