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Background: To date, a rather substantial body of evidence has accumulated 
indicating that cervical cancer is immunologically heterogeneous and comprises several 
molecular immunophenotypes. A significant proportion of cervical cancers show 
enrichment in intratumoral immune cells, inflammatory microenvironment, high level 
of interferon signaling, accompanied by up-regulation of immune checkpoints and 
immune suppression. However, not much is known about whether such patterns are 
detectable in the early stages of cervical cancer progression, during the 
transition from intraepithelial neoplasia to early-stage invasive carcinoma. 

Methods:  
RNA-sequencing and 
bioinformatics pathway 
analysis, gene co-expression 
network and PPI network 
analysis were performed using 
a panel of 16 surgical samples 
which included non-dysplastic 
cervical epithelium, cervical 
intraepithelial neoplasia (CIN), 
carcinoma in situ (CIS), micro-
carcinoma (FIGO stage IA1), 
stages IA2‒IIB of invasive 
squamous carcinoma of the 
cervix: 

Sample ID Degree / Stage 

Norm_1 
HPV(- morphologically 

normal cervical epithelium 

Norm_2 
HPV(+) morphologically 

normal cervical epithelium 
CIN_1 CIN3 
CIN_2 CIN3 (CIS) 
CIN_3 CIN2/3 
CIN_4 CIN3 (CIS) 
CIN_5 CIN1 
CR_1 IA1 
CR_2 IB1 
CR_3 IA1 
CR_4 IA1 
CR_5 IB1 
CR_6 IB2/IIA1 
CR_7 IIB 
CR_8 IA1 
CR_9 IA2 

R E S U L T S  

A total of 151 significant differentially expressed genes (DEGs) were found between early-stage invasive cancer and pre-invasive high-grade 
neoplasia/CIN (with most of them, 133, being down-regulated, while 18 were seen up-regulated). Pathway analysis revealed enrichment of up-
regulated genes in immune response-associated signalings (namely, innate antiviral defense), while down-regulated genes were expectedly 
enriched in epithelial differentiation pathways. Then samples were examined for their expression of invasion-associated genes (which included 
lympho-/angiogenesis, EMT, ECM disassembly, etc.), and 6 samples (3 CR vs. 3 CIN) were selected for further comparison. 201 DEGs identified 
were screened for immune-related genes, and a significant number of interferon-stimulated genes (OAS1-3, MX1, IRF9, ISG15, IFI44, etc.) were 
found to be up-regulated in a subset of microinvasive and early-stage invasive cancer compared with CIN2-3/CIS (see heatmap). The members 
of various innate immune DNA/RNA-sensing pathways (including TLRs-, NLRs-, AIM2/inflammasome-, IFI16-, RLRs/MAVS-dependent, and 
others) and antiviral response also showed increased expression. Overexpression of proinflammatory chemokines (CXCL9, CXCL10, CX3CL1, 
etc.) in these samples points to the enhanced capacity to recruit activated T/B cells relative to CIS. Although no significant differences in the 
expression of immune checkpoints were detected between invasive cancer and precursor lesions, the development of immune suppression in 
early invasive cancer was evidenced by increased levels of IDO1, LGALS9, IL4R, but decreased levels of IL18, CD24 and many other components 
of T-cell activation/costimulation and antigen-presentation. 

Conclusion: The findings may contribute to a deeper understanding of the role 
of immune-relevant processes in cervical cancer expansion and dissemination, 
which is important for appropriate  
immunotherapy administration.  

CIN_2 CIN_3 CIN_4 CR_1 CR_5 CR_7 
33 52 66 6 2 4  

ENDOU 

2600 2637 3956 1492 532 655 
ANXA1 

3050 3327 928 678 153 162 
SLPI 

67 22 10 0 0 0  
APOB 

134 66 65 52 10 21 
NT5E 

120 61 110 62 29 29 
TGFBR3 

323 639 157 9 6 9  
PKHD1L1 

84 48 24 20 2 2  
BMPR1B 

49 49 41 13 10 8  
DPP4 

326 392 485 313 99 128 
IL1RN 

1343 316 907 367 79 222 
DCN 

176 90 98 89 29 44 
SLC39A8 

58 39 128 39 17 6  
IL18 

135 172 260 138 68 39 
YOD1 

182 96 32 27 11 17 
SAA2 

239 78 64 87 15 13 
SLC7A2 

11 14 48 0 2 0  
EDN3 

43 31 13 4 4 0  
GCNT3 

1734 750 364 540 193 189 
LCN2 

126 50 98 53 20 37 
PCDH18 

154 28 88 25 24 16 
SLIT2 

525 192 96 67 34 8  
AGR2 

19 61 72 27 5 6  
SPNS2 

873 629 1366 873 237 382 
CD24 

118 73 6 2 0 1  
ENPP3 

890 356 155 181 46 96 
IL1R1 

161 85 56 65 10 33 
ANPEP 

144 69 74 74 5 24 
MASP1 

561 298 855 431 250 118 
SERPINB1 

117 56 126 832 242 274 
NSD2 

16 8 17 458 137 33 
CXCL10 

56 37 74 418 252 127 
OAS3 

2 0 0 41 10 40 
IGHM 

61 28 47 430 127 91 
IRF9 

45 22 46 578 346 70 
ITGB6 

52 33 82 627 276 101 
NLRC5 

41 39 36 413 100 111 
HIVEP3 

22 2 25 288 167 54 
CXCL9 

61 42 79 1020 119 180 
NUP210 

123 51 79 356 533 389 
LYZ 

68 78 98 567 264 225 
HMGB2 

49 30 51 226 155 118 
CIITA 

68 40 37 679 127 106 
TNFRSF21 

22 6 22 212 66 40 
CX3CL1 

79 41 52 634 192 93 
PML 

52 64 128 733 217 296 
STMN1 

42 18 23 691 81 71 
LAMP3 

11 14 9 124 77 38 
GPR68 

88 36 63 571 259 94 
OAS2 
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pro-inflammatory 

anti-inflammatory 
ISG 

PCA plot (whole-transcriptome profiles) 

DEGs ‘ Pathway enrichment 
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Number of DEGs 
(adj. Pval<0.05) 

Angiogenesis, 
EMT, invasion 
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201DEGs 

49 ↑ 
152↓ 

MDS plot  

SPEED enrichment  
analysis revealed  
the TLR-, TNF alpha-,  
and IL1-dependent  
signalings among the  
top pathways lying behind  
the alterations of gene expression 
patterns observed at the initial stage 
of invasion. 
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