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The results showed that the PMN-MDSC proportion is 
strongly negatively correlated with the CD8+ T cell pro-
portion (r�=��0.5323; P�=�.0037) (22). Taken together, 
these �ndings demonstrated that MDSCs in the periph-
eral blood of PTC patients display T cell suppressive ac-
tivity in a dose-dependent manner.

PMN-MDSC enhanced cell migration and invasion 
of�PTC

Given the signi�cant role of MDSCs in tumorigen-
esis among various cancer types as well as the clin-
ical and functional relevance of PMN-MDSCs in PTC 
patients demonstrated in our initial experiments, we 
next explored the biologic functions of PMN-MDSCs 
in PTC cells. PMN-MDSCs remarkably increased mi-
gration and invasion of both TPC-1 and BC-PAP cell 
lines compared with PTC lines cultured without PMN-
MDSCs (Fig.� 3A, 3C, and 3D). Moreover, PTC cells 
showed increased wound closure rates when cocultured 
with sorted PMN-MDSCs (Fig.�3B, 3E, and 3F). We also 
generated a pulmonary metastasis model to investigate 
the effects of PMN-MDSCs on cancer cell metastasis 
in vivo. Mice intravenously injected with TPC-1 cells 
cocultured with PMN-MDSCs developed many more 
metastatic lung nodules than those injected with TPC-1 
cells alone (Fig.�3G and 3H). More tumor regions per 
low-power �eld were also visible on H&E staining of 

lung tissue (Fig.�3I). It seems that there is no signi�cant 
effect of MDSCs on cell viability, cell cycle, and apop-
tosis (22).

Collectively, these results support a role of PMN-
MDSCs in promoting PTC cell migration and invasion, 
both in vitro and in vivo, while highlighting that they 
have little to no effect on cell growth and apoptosis.

PMN-MDSCs accelerate invasion and metastasis by 
suppressing miR-486-3p

miRNAs have been shown to drive human tumori-
genesis by affecting differentiation, proliferation, and 
metastasis of tumor cells (24, 25). To explore whether 
MDSCs regulate PTC oncogenicity by modulating 
miRNA expression, miRNA pro�ling was performed 
in untreated TPC-1 cells and TPC-1 cells cocultured 
with PMN-MDSCs sorted from PBMCs of cancer pa-
tients. We identi�ed 19 differentially expressed miRNAs 
in MDSC-conditioned cancer cells, of which 10 were 
downregulated and 9 were upregulated (Fig.� 4A and 
(22). The expression alterations of miR-486-3p, miR-
146a-3p, miR-146a-5p, miR-200b-3p, miR-486-5p, 
and miR-152-5p were further con�rmed by qRT-PCR 
(Fig.�4B and (22). GO analysis of predicted targets of 
the 19 miRNAs showed enrichment of in�ammation-
related response genes (Fig.� 4C). And the KEGG 
pathway analysis reveals that these genes were mainly 
from the NF-�B, PI3K-AKT, and TNF signaling path-
ways, all of which are recognized to regulate cancer de-
velopment (Fig.�4D).

Among the validated miRs, miR-486-3p stood out as 
the most likely regulator of thyroid cancer invasion and 
metastasis. miR-486-3p is known to negatively regulate 
most genes of the NF-�B and TNF signaling pathways, 
which are essential for MDSCs activation (26), while the 
other identi�ed dysregulated miRNAs have little known 
effect on these pathways. Based on these evidences, 
we hypothesized that miR-468-3p plays a vital role 
in mediating the function of PMN-MDSCs in thyroid 
cancer. To con�rm this, we next rescued miR-486-3p 
expression in cells co-cultured with PMN-MDSCs and 
evaluated cell invasion and metastasis. Overexpression 
of miR-486-3p by transfection with miR-486-3p mimics 
repressed MDSCs-induced migration and invasion to 
the level of untreated control group (Fig.�4E and 4F). 
A� similar result was observed in the wound-healing 
assay after miR-486-3p overexpression reversed the ef-
fect of MDSCs (Fig.�4G and 4H).

miR-486-3p has been identi�ed as a tumor suppressor 
associated with cancer cell proliferation and metastasis 
(27, 28). Furthermore, miR-486-3p has been reported to 
be signi�cantly dysregulated in thyroid cancer compared 

Table 1.  Relationship between proportion of 
PMN-MDSCs and clinicopathologic characteristics 
of PTC patients.

Number of PTC 
patients PMN-MDSCs P value

Sex    
  Male 19 (29.69) 13.55�–�7.11 .7569
  Female 45 (70.31) 14.25�–�8.78  
Age (years)    
  <55 52 (81.25) 12.98�–�8.08 .0342
  �55 12 (18.75) 18.64�–�7.79  
Tumor size    
  �2�cm 50 (78.13) 13.09�–�8.11 .1149
  >2�cm 14 (21.87) 17.44�–�8.23  
Invasiona    
  Yes 12 (18.75) 18.46�–�6.13 .0293
  No 52 (81.25) 13.02�–�8.41  
Lymph node 

metastasis
   

  Yes 33 (51.56) 14.37�–�8.65 .7499
  No 31 (48.44) 13.7�–�7.98  
Distant metastasis    
  Yes 3 (4.69) 24.35�–�3.46 .0149
  No 61 (95.31) 13.54�–�8.11  
TMN stage    
  I-II 60 (93.75) 13.43�–�8.14 .0130
  III-IV 4 (6.25) 23.27�–�3.55  

Abbreviation: TNM, Tumor�Nodal�Metastasis stage.
aIncludes capsular and/or extrathyroidal extension. 
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into nude mice intravenously, respectively. Mice injected 
with TPC-1 cells overexpressing miR-486-3p exhibited 
reduced pulmonary metastasis while those injected with 

TPC-1 cells stably expressing miR-486-3p inhibitor ex-
perienced signi�cantly accelerated metastatic growth 
(Fig.�5D and 5E). Tumorigenic activity was con�rmed 

Figure 3.  PMN-MDSCs enhance PTC cell migration and invasion. (A) Migration and invasion were measured by transwell assay in TPC-1 (n�=�5) 
and BC-PAP (n�=�4) cells co-cultured with or without PMN-MDSCs for 48 hours. (B) Wound-healing assay was performed to investigate cell 
migration ability in TPC-1 (n�=�5) and BC-PAP (n�=�5) cells co-cultured with or without PMN-MDSCs for 48 hours. (C, D) The number of migrated 
and invaded cells and (E, F) the area of migrated cells per low �eld was quanti�ed. Data are shown from at least 3 patients and in triplicate. (G) 
Mice (n�=�5) were intravenously injected with TPC-1 cells cocultured with or without PMN-MDSCs. Representative images of murine whole lungs 
are shown. Arrows indicate lung tumor nodules. (H) The number of visible tumor nodules was measured. (I) Representative H&E staining of lung 
tissues. Arrows indicate metastases (magni�cation, ×100). Data are presented as mean�–�SD, **P�<�.01, ***P�<�.001.
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