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Lung cancer is the second most common cancer in the world. Myeloid-derived suppressor cells (MDSCs) 
are important cell populations in the microenvironment of lung cancer, which affects the development 
and treatment of lung cancer. A large number of studies have shown that miRNA can regulate MDSCs, 
promoting tumor development. Here we aim to explore the role of miR- 150 on MDSCs in lung 
tumors. We established lung tumor models by injecting miR- 150 knock-out (miR- 150 KO) mice with 
LLC subcutaneously. MiR- 150 deletion promoted tumor growth and increased the ratio of MDSCs 
in tumors. In addition, knockdown of miR- 150 resulted in high serum levels of IL- 6 and G-CSF and 
promoted the expression of suppressive-associated molecules in MDSCs. In vitro, inhibition of miR- 
150 led to increased expression of ROS, IRE1α and P-STAT3 in MDSCs. In vivo administration of STAT3 
inhibitor significantly inhibited tumor growth in miR- 150 KO mice and reduced ROS level in tumor 
MDSCs. Our results indicated that miR- 150 deletion promotes lung tumor growth by upregulating 
P-STAT3 and ROS in MDSCs, suggesting that STAT3 inhibitors are effective in blocking the production 
of ROS in MDSCs lacking miR- 150.
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MDSCs are immunosuppressive cells that can be divided into two subsets, polymorphonuclear MDSCs (PMN-
MDSCs) and monocytic MDSCs (M-MDSCs). Review 1:31.. The phenotypic characterisation of MDSCs in mice 
were defined as CD11b+Ly6G+ and CD11b+Ly6 C+respectively2. Review 1 and 2: Accordingly, the markers of 
humans have been identified as CD33+CD11b+CD15+CD66b+ and CD11b+CD14+ HLA-DRlow/neg3. MDSCs 
inhibit T cell activity and form an immunosuppressive state in tumors mainly through Arginase1 (Arg1), 
inducible nitric oxide synthase (iNOS), and indoleamine2,3-dioxygenase (IDO) Review 1:34. Moreover, MDSCs 
are usually exposed to oxidative stress, resulting in high levels of intracellular reactive oxygen species (ROS). 
MDSCs also utilize ROS for inhibitory function Review 1:35,6.

MiRNAs are short single-stranded noncoding RNAs that are approximately 22 nucleotides in length and 
regulate target gene expression through post-transcriptional regulation Review 1:37,8.. A large amount of 
evidence discovered that miR- 150 had necessary regulatory roles in both normal and malignant hematopoiesis9. 
MiR- 150 is intimately associated with acute myeloid leukemia10,11. The expression of miR- 150 in MDSCs was 
reduced in a mouse model of sepsis, and miR- 150 supplementation was found to reduce the expression of pro-
inflammatory cytokines IL- 6 and anti-inflammatory cytokines TGF-β, IL- 10 and Arg1 in MDSCs12. However, 
little is known about the effects of miR- 150 on lung tumor development by regulating MDSCs.

Review1 and Review2: Lung cancer is the second most common malignancy in the world. Overall lung 
cancer is divided into two types, non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC 
accounts for the majority13,14. MiR- 150 has been shown to effectively inhibit tumor growth when delivered to 
lung cancer cells through liposomes and nanoparticles15. In mice with sepsis, the expansion of MDSCs was 
accompanied by a reduction of miR- 15012. We hypothesized that the loss of miR- 150 in the MDSCs would 
promote lung tumor growth.

In this study, we detected the effect of miR- 150 on MDSCs in transplanted lung tumor mice models, and 
explored the regulatory mechanism of miR- 150 in MDSCs.
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Materials and methods
Mice and cell lines
Conventional miR- 150 knockout mice in C57BL/6 background and WT C57BL/6 mice were purchased from 
The Jackson Laboratory (Stock No: 007750, Bar Harbor, ME) and were raised in the Medical Laboratory Animal 
Center of North China University of Science and Technology. After reviewing by the Animal Welfare Ethics 
Committee of North China University of Science and Technology (2023-SY- 059), the experimental procedures 
on mice were carried out in accordance with the regulations of the Animal Management Committee of North 
China University of Science and Technology. The mice used in the experiment were 6–10 week old males. Lewis 
Lung Carcinoma (LLC) Review 2: which was widely used to study the mechanism of lung cancer development 
was purchased from FuHeng Biology (Shanghai, China). When the cell density reached 90 percent of the T25 
cell culture flask, the cells were digested and injected subcutaneously into mice. Reviewer 1 :1. 1 × 106 LLC were 
resuspended in 100 μl PBS. Each mouse was subcutaneously injected with 100 μl suspended cells.

ROS detection.
The cellular ROS level was measured with a dichlorodihydro-fluorescein diacetate (DCFH-DA) fluorescence 

kit (Beyotime). The experiments were conducted according to the instructions. Overall, DCFH-DA was diluted 
at a ratio of 1:1000 with serum-free medium RPMI. 1 × 106 Review 2:BM-derived MDSCs were incubated with 
the diluted DCFH-DA probe in a 37 °C incubator for 30 min, then washed with PBS three times, and detected 
the mean fluorescence intensity by Beckman Coulter MoFlo XDP.

BM-derived MDSCs isolation and culture.
The cells were isolated from the bone marrow of naïve C57 mice. These cells were incubated in RPMI 1640 

medium containing 10% FBS, 20 ng/ml GM-CSF, 20 ng/ml IL- 6 and 50μM2-ME Review 2:and were induced 
into MDSCs16.. Transfection was performed after three days of incubation in a 37 °C incubator supplied with 
5% CO2.

Flow cytometry.
The spleen, bone marrow, tumor and peripheral blood of tumor-bearing mice isolated and prepared into a 

single-cell suspension incubated with Fc block (clone 2.4G2). Then, the samples were labeled with Percp anti-
mouse CD11b, PE anti-mouse ly6G, PE anti-mouse ly6 C,PE anti-mouse ly6G and ly6 C, APC anti-mouse ly6G 
to identify MDSCs on ice. All mAbs were from BD Biosciences or eBioscience™. After 30 min, stained specimens 
were washed three times with PBS and fixed with 4% paraformaldehyde. The analysis was performed using a 
Beckman Coulter MoFlo XDP. Data were processed FlowJo software.

MiRNAs transfection.
MiR- 150 mimics, mimics NC, and miR- 150 inhibitors, inhibitors NC were synthesized by ZHONGSHI 

TON TRU(Tianjin, China). Briefly, Review 2:1 μl Lipo2000(M5 Hiper Lipo2000 Transfection Reagent) was 
diluted with 50 μl Ultra-MEM(EallBio Life Sciences) and mixed with miRNAs. 6 × 105BM-derived MDSCs were 
transfected with a final concentration of 100 nM miRNAs in vitro. After 48 h, the transfected cells were collected 
for subsequent experiments.

RNA extraction and RT-qPCR.
Total RNA was extracted from bone marrow-derived MDSCs transfected with miR- 150 mimics, NC 

mimics or miR- 150 inhibitors, NC inhibitors MDSCs Review 2: using Superbrilliant® 6 min High-quality RNA 
Extraction Kit. The cDNAs were synthesized by MonScript™ RTIII Super Mix with dsDNase(Two-Step) or 
Superbrilliant® TaqMan miRNA Reverse Transcription Kit. Primer sets for arg1,ido1,csf3,inos were used. β-actin 
was used as the internal control for the mRNA expression, while RNU6B was utilized as the internal control for 
the miRNA expression. Relative gene expression was determined by using 2XM5 HiPer SYBR Premix EsTaq 
(with Tli RNaseH) or Superbrilliant® TaqMan miRNA Real Time PCR Mix on a LightCycler 480 quantitative 
PCR machine (Eppendorf Mastercycler ep realplex). The primers were from Sangon Biotech (Shanghai, China). 
The primers used are shown in Table 1.

Genes Primer (5’- 3’)

IRE1α
​T​A​A​G​G​A​C​A​A​C​C​C​T​A​C​C​T​A​C​A​C

​A​A​T​T​C​A​C​G​A​G​C​A​A​T​G​A​C​G

Nos2
​G​A​G​C​G​A​G​T​T​G​T​G​G​A​T​T​G​T​C

​G​A​G​G​G​C​T​T​G​G​C​T​G​A​G​T​G​A

CSF3
​A​G​A​G​G​C​G​C​A​T​G​A​A​G​C​T​A​A​T

​A​A​G​C​A​A​G​T​C​C​A​A​G​G​T​G​G​G

IDO1
​C​A​G​T​C​C​G​T​G​A​G​T​T​T​G​T​C​A

​C​T​T​T​C​T​C​G​G​T​T​G​T​A​T​C​T​T​T​C

Arg1
​G​C​T​T​G​C​G​A​G​A​C​G​T​A​G​A​C​C

​C​A​T​C​A​C​C​T​T​G​C​C​A​A​T​C​C​C

β-actin
​C​T​G​T​C​C​C​T​G​T​A​T​G​C​C​T​C​T​G

​A​T​G​T​C​A​C​G​C​A​C​G​A​T​T​T​C​C

Table 1.  Sequence of primers.
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ELISA assay
Reviewer 1 :2. Serum was collected from miR- 150 KO and C57 mice bearing tumors. IL- 6, G-CSF and TGF-
β from Reviewer 1 :2. serum and culture supernatants were detected with ELISA kits supplied by Shyanzun 
(Shanghai, China) according to the manufacturer’s instructions.

Western blot analysis
MDSCs after 48 h-transfection with mimics or inhibitors were collected and mingled with RIPA Buffer 
supplemented with protease inhibitors and phosphatase inhibitors to lyse the cells on ice for 30 min. After 
then, The NanoDrop 2000 was used to measure protein concentration. 10% SDS-PAGE gel (One Step SDS-
PAGE Gel Fast Preparation Kit)was used to separate different groups of proteins in equal amounts. The loading 
holes were divided into 15 by the comb. MDSCs transfected with miRNA was divided into four groups and 
added to the pore successively. BM-derived MDSCs of miR- 150 KO and C57 mice were added to the pore, 
respectively. Proteins were transferred to PVDF membranes, blocked with TBST with 5% skim milk, and 
incubated with anti-phosphor-STAT3(Tyr705) (ab76315, Abcam), anti-STAT3(ab68153, Abcam), anti-IRE1α 
(A17940, ABclonal) primary antibodies overnight at 4  °C. After incubation with the primary antibody, the 
PVDF membrane containing the protein was washed three times with TBST and incubated with the anti-rabbit 
HRP-IgG(ReportBio) secondary antibody for 1 h at room temperature. The results were finally detected on a 
chemiluminescence imaging instrument(Bio-Rad) using the BeyoECL Plus (Beyotime, Shanghai, China).

STAT3 inhibitor S3I- 201 administration.
On the ninth day after the subcutaneous injection of LLC tumors into mice, 5 mg/kg S3I- 201(cayman) or 

PBS was injected intraperitoneally and continued for two weeks. The drug was injected every other day17,18.
Statistics.
All data analyzed in this experiment were expressed as mean ± SD. Prism 8 was used for statistical analysis, 

two independent samples t-test or one-way ANOVA was used for analysis. The value of 0.05 was considered 
statistically significant.

Results
MiR- 150 deletion promoted lung tumor growth

It has previously been reported that a decrease in miR- 150 expression in MDSCs in sepsis leads to the 
expansion of MDSCs and an increase in Arg1 production12. Hence, we hypothesized that the progression of 
tumors would be affected in the miR- 150 KO mice. MiR- 150 KO mice (Figure. 1a) and the same age of WT 
mice were subcutaneously inoculated with LLC. We discovered the tumor growth rate of miR- 150 KO mice 
was significantly faster than that of WT mice (Figure. 1b). At 21 days, there was a significant change in tumor 
volume, with the tumor volume from miR- 150 KO mice being larger than that from WT mice(Fig. 1c, d). These 
results suggested that the disappearance of miR- 150 in mice promoted tumor development.

MiR- 150 deletion resulted in an increase in MDSCs.

Fig. 1.  The tumor growth rate of miR- 150 KO mice was significantly accelerated. (a) PCR is used to identify 
the genotype of mice. (b) Comparison of tumor growth curves between miR- 150 KO mice and WT mice. (c-
d) Comparison of tumor size differences at 21 days. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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In addition, We also examined the changes in MDSCs in the tumor. Compared with WT tumor-bearing 
mice, the M-MDSCs of tumors in miR- 150 KO tumor-bearing mice were obviously increased (Figure. 2a, b). 
Knockout of miR- 150 also caused amplification of PMN-MDSC in tumors (Figure. 2c, d). M-MDSC had stronger 
immunosuppressive activity than PMN-MDSC19. IL- 6 can increase the mRNA expression of Arg1 in MDSCs20. 
G-CSF can not only regulate the migration of MDSCs but also promote the differentiation and development of 
BM cells towards MDSCs21. The serum of tumor-bearing mice was collected to measure the changes of IL- 6 and 
G-CSF. In miR- 150 KO tumor-bearing mice, these two cytokines were apparently elevated (Figure. 2e, f). These 
results revealed that ablation of miR- 150 resulted in an increase in MDSCs, thereby accelerating tumor growth.

MiR- 150 inhibits the expression of factors with suppressive activity in MDSCs.
To determine whether miR- 150 affected the expression of factors with suppressive activity in MDSCs, miR- 

150 mimics or inhibitors were transfected into BM-derived MDSCs isolated from WT mice in vitro. After 48 

Fig. 2.  The percentage of MDSCs increased in miR- 150 KO tumor-bearing mice. (a-b) Flow cytometry was 
used to measure the proportion of M-MDSCs in tumors from miR- 150 KO and WT mice, respectively. Gating 
CD11b+ cells for analysis. (c-d) The percentage of PMN-MDSCs in miR- 150 KO and WT tumor-bearing mice. 
(e–f) ELISA was used to detect changes in serum IL- 6 and G-CSF levels in mice with miR- 150 KO and WT 
bearing tumors. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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h of transfection, the expression of miR- 150 in MDSC was significantly increased or decreased (Fig. 3a). We 
detected changes in Arg1, G-CSF, iNOS, and IDO1 within its cells. Overexpression of miR- 150 significantly 
reduced the expression levels of inhibitory factors, such as Arg1 (Fig. 3b), iNOS (Fig. 3c), IDO1 (Fig. 3d), and 
G-CSF (Fig. 3e). Consistent with previous research findings, the increase of miR- 150 in MDSC resulted in the 
loss of its ability to inhibit T cell proliferation and low expression of Arg112. In contrast, the mRNA expression 
of these inhibitors was significantly elevated after miR- 150 was inhibited (Fig. 3 f-i).

MiR- 150 suppresses the generation of ROS in MDSC.
The upregulation of ROS in MDSC may inhibit the response of antigen-specific CD8 + T cells Review 1:322.. 

ROS can also regulate the differentiation of MDSCs, and high levels of ROS can prevent the differentiation of 
MDSCs into mature cells23. High levels of intracellular miR- 150 in MDSCs reduced ROS production (Fig. 4a, 
b), while inhibition of intracellular miR- 150 increased ROS production (Fig. 4c, d). We also isolated MDSCs 
derived from BM of miR- 150 KO and WT mice. Consistent with the transfection results, the BM-induced 
MDSCs in miR- 150 KO mice exhibited higher levels of ROS (Fig. 4e, f). These results suggested that miR- 150 
is involved in the regulation of intracellular ROS production in MDSCs cells.

MiR- 150 decreases the expression of IRE1α and phosphorylated STAT3 in MDSC
In myeloid cells lacking STAT3, both induced and produced spontaneously ROS were significantly lower than in 
their wild-type control cells, and STAT3 directly regulates ROS production in myeloid cells24. Inositol-requiring 
enzyme- 1 A (IRE1α) is one of the pathways through which unfolded protein response (UPR) mediates cellular 
adaptation to endoplasmic reticulum stress. IRE1α is a dual enzyme with serine/threonine protein kinase and 
ribonuclease activity25. The phosphorylation of STAT3 may occur when UPR is activated23. Previous studies 
have shown that IRE1a can interact with STAT3 and maintain its activation26. IRE1α has been proven to be 
a target of miR- 150 in human bronchial epithelial cells27. Therefore, we aimed to investigate whether miR- 
150 influenced the changes of IRE1α in MDSCs, which affected the expression of P-STAT3. P-STAT3 plays an 
important role in the survival and immunosuppressive function of MDSCs. We tested the expression of IRE1α 
in MDSCs transfected with miR- 150 mimics or inhibitors. The mRNA expression of IRE1α decreased after 
transfection with miR- 150 mimics, while increased after transfection with miR- 150 inhibitors (Fig. 5a, b). We 
also measured the protein levels of IRE1α, which were the same as the mRNA changes(Fig. 5c). The deletion of 
miR- 150 upregulated the expression of IRE1α (Fig. 5d). The changes of P-STAT3 in MDSC were consistent with 
IRE1α. When the expression of miR- 150 was upregulated, the phosphorylation level of STAT3 was significantly 
reduced. However, while miR- 150 was downregulated at the intracellular level, the expression of P-STAT3 
was elevated (Fig. 5e). Changes have been observed in BM-derived MDSCs from WT and miR- 150 KO mice 
(Fig. 5f). IRE1α and P-STAT3 from BM-derived MDSC of miR- 150 KO mice showed higher expression (Fig. 5g-
h). These outcomes implied that miR- 150 had an influence on the expression of IRE1α and P-STAT3 in MDSCs.

Fig. 3.  MiR- 150 inhibits the expression of prominent factors with suppressive activity in MDSC. (a) qRT-
PCR was used to detect the expression of miR- 150 in MDSC after transfection. (b-e) Overexpression of 
miR- 150 inhibits the production of immunosuppressive factors in BM-derived MDSCs. (f-i) The inhibition of 
miR- 150 expression conducted more immunosuppressive factors in MDSC. Representative of 3 independent 
experiments. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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STAT3 inhibitor S3I- 201 suppresses tumor growth by decreasing MDSCs
The above results displayed that P-STAT3 was elevated in MDSCs with low miR- 150 expression levels. Previous 
studies have shown that P-STAT3 exerts an influence on the immunosuppressive function of MDSCs. To 
determine whether the dysregulation of P-STAT3 caused the advance of tumor growth in miR- 150 KO mice, 
we administered the P-STAT3 inhibitor S3I- 201 in vivo. Surprisingly, the speed of tumor growth of miR- 150 

Fig. 4.  MiR- 150 reduces the production of ROS in MDSCs. (a-b) The production of ROS was reduced in 
MDSC transfected with miR- 150 mimics. (c-d)The downregulation of miR- 150 in MDSCs led to an increase 
in ROS production. (e–f)Compared with WT mice, BM-derived MDSCs of miR- 150 KO mice showed a 
significant increase in ROS. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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KO mice slowed down (Fig. 6a). The difference in tumor size between miR- 150 KO and WT mice was also 
completely eliminated (Fig. 6b, c).

MDSCs from tumors, peripheral blood, and BM of miR- 150-KO, miR- 150-KO S3I- 201 or WT, and WT 
S3I- 201 mice were harvested for tests. The M-MDSCs of tumors were strikingly reduced in miR- 150 KO 
S3I- 201 (Fig. 6d, e), while PMN-MDSC did not diminish in peripheral blood (Fig. 6f, g) and BM (Fig. 6h, i). 
However, the treatment of S3I- 201 failed to reduce the proportion of PMN-MDSC in blood and BM. there 
was an enhancement in PMN-MDSCs of the blood and BM. However, there was a notable amplification of 
PMN-MDSCs in the BM of WT S3I- 201 mice. This may point out that MDSCs could also expand in a STAT3-
independent way. MDSCs were capable of expansion without relying on STAT327. These outcomes suggested 
that S3I- 201 abolished the difference in tumor growth between miR- 150 KO mice and WT mice and the 
proportion of M-MDSCs was declined in tumors.

The generation of ROS is declined in MDSC from miR- 150 KO mice treated with S3I- 201
Meanwhile, we also detected the generation of ROS in MDSC. Interestingly, both intracellular ROS in M-MDSC 
(Fig. 7a, b) and PMN-MDSC(Fig. 7c, d) showed a remarkable reduction in production in miR- 150 KO mice 
treated with S3I- 201 compared to their untreated control group. These in vivo results were consistent with 
the previous in vitro results (Fig. 4). These results indicated that miR- 150 in MDSC had an impact on ROS 
production by regulating P-STAT3, further affecting its immunosuppressive function.

Discussion
In this study, we found that the growth rate of LLC was significantly accelerated in miR- 150 KO mice. There was 
a prominent increase in MDSCs at the tumor site, and PMN-MDSCs in the BM and blood were also dramatically 

Fig. 5.  The disappearance of miR- 150 augmented the expression of IRE1α and P-STAT3 proteins in MDSCs. 
(A-B)qRT-PCR was used to analyze BM-derived MDSC transfected with miR- 150 mimics or inhibitors. (C) 
Western blot was used to detect the expression of IRE1a and P-STAT3 in BM-derived MDSCs transfected 
with miR- 150 mimics or inhibitors. (D-E) Statistical analysis of IRE1α or P-STAT3. (F) qRT-PCR validated 
the lower expression of miR- 150 in BM-derived MDSCs of miR- 150 KO. (G) Protein analysis of IRE1α and 
P-STAT3 in BM-derived MDSC from WT and miR- 150 KO mice. (H) Analysis of IRE1α or P-STAT3 in BM-
derived MDSC from WT and miR- 150 KO mice. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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increased in miR- 150 KO mice. IL- 6 plays a necessary role in increasing the immunosuppressive capacity of 
MDSC and other myeloid cells28. G-CSF can drive bone marrow cells to differentiate into MDSCs, promote 
MDSC proliferation, and induce MDSC’s anti-apoptotic effect21. We discovered the levels of IL- 6 and G-CSF 
were augmented in the serum of miR- 150 KO mice, which coincided with the previous study that reported 
IL- 6 was downregulated in HK- 2 cells transfected with miR- 150 - 5p agomir treatment with LPS29. The 
downregulation of miR- 150 - 5p and miR- 543 - 3p in MDSC resulted in high levels of G-CSF in the serum 
of mice30. We further detected the expression of G-CSF mRNA in BM-derived MDSCs to determine whether 
miR- 150 influenced the expression of G-CSF in MDSCs. Our results indicated that miR- 150 could reduce the 
expression of G-CSF mRNA in MDSCs. Meanwhile, miR- 150 also reduced the expression of other MDSCs-
associated suppressive factors, such as Arg1, iNOS, and IDO.

ROS could trigger antigen-specific T cell immune tolerance. The production of ROS is the main mechanism 
by which bone marrow cells in tumors inhibit T-cell responses24. The levels of ROS were strikingly decreased 
in BM-derived MDSCs transfected with miR- 150, which indicated that miR- 150 could inhibit tumor growth 
by regulating ROS levels in MDSCs. Therefore, we investigated the regulatory pathways of miR- 150 on ROS 
production. Many detrimental conditions in the tumor microenvironment(TME) such as hypoxia, nutrient 

Fig. 6.  The administration of STAT3 inhibitor S3I- 201 reduced the proportion of M-MDSCs in tumors from 
miR- 150 KO mice. (a) The administration of S3I- 201 delayed the growth of tumors in miR- 150 KO mice. (b-
c)The treatment of S3I- 201 eliminated the difference in tumor size between miR150-KO and WT mice. (d-e)
The ratio of MDSC in tumors from miR- 150 KO, WT and their administration groups. (f-g) Flow cytometry 
was used to analysis for MDSCs in peripheral blood from miR- 150 KO, WT and their administration groups. 
(h-i) The changes in the percentage of MDSC in BM of treated or untreated with S3I- 201 groups. MiR- 150 
KO S3I- 201 represented the miR- 150 mice treated with S3I- 201 group; WT S3I- 201 represented WT mice 
treated with S3I- 201 group. *P < 0.05, **P < 0.01, ***P < 0.001; ns, no significance.
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deficiency, and increased free radicals in the tumor environment can easily disrupt the protein folding ability 
of the endoplasmic reticulum (ER), thereby inducing ER stress. MDSCs show objective signs of ER stress 
response31. The accumulation of misfolded proteins triggers the unfolded protein reaction (UPR). IRE1α is one 
of the three classic pathways to UPR25. STAT3 is involved in the production of ROS in MDSCs32. ER stress is 
closely associated with the STAT3 signaling pathway33.

Reports have shown that MDSCs derived from tumor sites have a higher degree of ER stress, expression of 
IRE1α and its phosphorylated protein, and ability to inhibit T cell proliferation compared to MDSCs derived 
from the spleen34. ROS scavenging attenuates the total and phosphorylated levels of IRE1α, resulting in reduced 
expression of iNOS and Arginase1 in vitro35. Deletion of IRE1α completely abolished the inhibitory activity of 
PMN-MDSCs in spleen and tumors. Tumor-associated M-MDSCs significantly upregulated Erp72, a protein 
downstream of IRE1α and ATF6 pathways36. In HBECs, miR- 150 - 5p targets IRE1α, which is one of the 
ER stress sensor proteins27. Overexpression of miR- 150 repressed the expression of IRE1 protein. MiR- 150 
targeted the expression of IRE1α protein in MDSCs. IRE1α-STAT3 axis assists pro-tumorigenic polarization 
in macrophages37. IRE1α maintains the activation status of STAT3, and phosphorylation activation of IRE1α is 
not a necessary condition for interaction with STAT326. To further explore whether miR- 150 targeting IRE1α 
in MDSC influenced the expression of P-STAT3 protein, we detected the P-STAT3 protein in MDSCs. After 
overexpression of miR- 150, P-STAT3 protein was decreased. MiR- 150 targeting IRE1α had an impact on the 
expression of P-STAT3 in MDSCs. Previous studies have found that P-STAT3 can bind to the ARG1 promoter 
and regulate ARG138. Reviewer 1:3. Recent studies have also shown that STAT3 signaling is essential for MDSC 
expansion, Arg1 secretion and polyamine production39. The elimination of miR- 150 led to an increase in IRE1α 
and P-STAT3 levels, which may increase the levels of Arg1, iNOS, and IDO mRNA in MDSCs, as well as an 
increase in ROS production.

Melanoma patients with high levels of activated STAT3 expression in M-MDSCs exhibit shorter progression 
free survival. In vitro, another inhibitor of STAT3, Napabucasin, can eliminate the inhibitory ability of human 
M-MDSCs production40. Anal squamous cell carcinoma (ASCC) mice with high STAT3 treated with S3I- 201 
had a reduced tumor burden and a reduced population of MDSCs and tumor-associated macrophages (TAMs)41. 
To investigate whether STAT3 plays an important regulatory role in miR- 150 deficient MDSCs, we treated 
miR- 150 KO and WT mice bearing LLC with S3I- 201, P-STAT3 inhibitor. Administration of S3I- 201 in miR- 
150 KO mice significantly reduced M-MDSCs in tumors, and it also slowed down the lung tumor growth of 
miR- 150 KO mice. The result revealed that STAT3 was important for the suppressive function and expansion 
of M-MDSC. Nonetheless, there was no decrease in PMN-MDSCs in miR- 150 KO mice. There was a slight 
amplification of PMN-MDSCs in the BM of WT mice treated with S3I- 201. MDSCs may also have STAT3-
independent pathways for expansion. Research has shown that the deletion of STAT3 strengthened Fms-like 
tyrosine kinase 3 (FLt3L)-mediated MDSCs expansion42.

Fig. 7.  The administration of S3I- 201 downgraded ROS in MDSC from miR- 150 KO mice. (a-b) Detection of 
ROS in M-MDSC utilizing DCFH-DA probe. (c-d) Flow cytometry was used to detect the average fluorescence 
intensity of ROS in PMN-MDSC.
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Intriguingly, the generation of ROS in MDSCs was significantly weakened after treatment with S3I- 201 in 
miR- 150 KO mice. MiR- 150 attenuated the generation of ROS by inhibiting P-STAT3. Further study is needed 
to explore the distinctions in miR- 150 regulation of PMN-MDSC and M-MDSC. More researches are needed to 
clarify the fine regulation of MDSC by miR- 150 in tumors.

In summary, our study suggested that the accelerated lung tumor growth caused by miR- 150 deletion was due 
to an increase in MDSCs. Silencing miR- 150 not only led to increased MDSCs in tumors, but also the expression 
of immunosuppressive molecules such as ROS and Arg1, as well as the levels of IL- 6 and G-CSF in serum. The 
downregulation of miR- 150 led to an increase in IRE1α, which in turn increased the phosphorylation of STAT3. 
Inhibiting the expression of STAT3 in miR- 150 KO mice slowed down lung tumor growth, reduced M-MDSCs 
in tumors, and ameliorated ROS production in MDSCs. MiR- 150 deletion promotes lung tumor growth by 
upregulating IRE1α, P-STAT3 and ROS in MDSCs.

Data availability
All data generated or analysed during this study are included in this published article.
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