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Cross-cohort identification of proliferative transcriptional programs in
nasopharyngeal carcinoma and mapping of elF4A-related translational regulation:
construction of a 274-gene proliferation candidate set and in vitro validation with

Silvestrol
Xu Lei, Huang Maoling, Zhong Cheng Department of Otolaryngology, First Affiliated Hospital, Army Medical
University (Third Military Medical University) , Chongqing, China

[Abstract] Objective Nasopharyngeal carcinoma (NPC) is characterized by marked geographic
aggregation, Epstein-Barr virus (EBV) association, and biological heterogeneity; local recurrence, distant
metastasis, and acquired resistance remain major obstacles to long-term benefit, while single-gene differential
expression is vulnerable to cohort and platform effects. This study aims to identify transcriptional programs in
NPC with cross-cohort reproducibility and relevance to disease progression, construct a proliferation candidate
gene set supported by independent expression data, and evaluate its relationship with eukaryotic translation
initiation factor 4A (elF4A)-associated translational regulation and the in vitro pharmacological effects of
Silvestrol. Methods (O Bioinformatic analyses of public datasets: Public transcriptomic datasets
(GSE12452, GSES53819, GSE102349, GSE68799, and GSE150430) were integrated. Unbiased gene set
enrichment analysis was performed in GSE12452 and GSES53819 to identify pathways showing concordant
enrichment directions and a false discovery rate (FDR) <0. 05 in both cohorts. Weighted gene co-expression
network analysis was conducted in GSE102349, and stage-stratified Cox models were applied to explore the
associations between module eigengenes and disease progression. A 274-gene proliferation candidate set was
constructed by integrating cross-cohort differential expression with module membership, and Top50, Top100,
and Top150 nested gene sets were then used for Library of Integrated Network-based Cellular Signatures
(LINCS) connectivity and mechanism-of-action analyses. Within-sample associations between translation-
related programs and elF4A-related transcripts were further evaluated and externally assessed in GSE68799.
EIF4A1 functional loss was simulated in malignant cells using scTenifoldKnk to characterize network
perturbation patterns. (2 In wvitro experiments: CCK-8, cell-killing, colony formation, and wound-healing
assays were used to determine the effects of Silvestrol on cultured 5-8F and CNE-2Z cells. Results The
normalized enrichment score (NES) of 5 124 commonly evaluable pathways exhibited a positive Spearman-
rank correlation between the GSE12452 and GSE53819 cohorts (Spearman p, P<2.2x107"°). A total of 314
concordantly activated and 21 concordantly suppressed pathways were identified, characterized mainly by
enhanced cell cycle, DNA replication, and chromosome regulation programs and reduced cilium- and axoneme-
related processes, respectively. Fifteen non-grey modules were identified in GSE102349. Among 68 patients
with complete clinical data, 14 disease progression events were recorded, and the Turquoise, Tan, Blue, and
Pink modules reached nominal P<0.05. Integration of Turquoise-module membership with concordant
upregulation in the 2 external cohorts yielded 274 proliferation candidate genes with cross-cohort expression
support, which were enriched mainly in E2F, G2/M, MYC, DNA metabolism, and chromosome segregation
programs. In the LINCS analysis, connectivity rankings for 8 140 compounds were highly correlated (r=0. 909
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to 0.955). Protein-synthesis inhibitors showed significant negative connectivity in the Top50 and Top100
analyses, with FDR values of 0. 016 and 0. 040, respectively. Translation program analysis indicated process-
selective alterations in NPC rather than coordinated activation of the entire translation system. In the external
GSE68799 cohort, the proliferation-adjusted correlations of EIF4B with general translation initiation and of
PDCD4 with mRNA surveillance/NMD were r=0. 510 and 0. 505, respectively, with FDR=0. 012 for both;
associations between canonical EIF4AI and selected programs were model-sensitive. Single-cell analysis of
GSE150430 showed that EIF4A1 was detectable in 95. 81% of malignant cells. Virtual perturbation signals
were concentrated mainly in RPL/RPS ribosomal-protein genes and mitochondrially encoded transcripts,
whereas the complete proliferation candidate set was not enriched at the high-perturbation end of the ranking
(FDR=1. 000). The half-maximal inhibitory concentrations of Silvestrol were 26 and 12 nmol/L in 5-8F and
CNE-2Z cells, respectively, and Silvestrol reduced cell retention, colony formation, and wound closure.
Conclusion NPC exhibits a cross-cohort reproducible transcriptional state characterized by enhanced

proliferative programs, with elF4A-associated translational regulation prioritized by multi-level analyses as a

candidate intervention mechanism; Silvestrol exhibits nanomolar in vitro inhibitory activity in NPC cells.
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A: Comparison of normalized enrichment score (NES) values for 5 124 pathways jointly evaluable in GSE12452 and GSE53819. Pink

and blue indicate pathways concordantly activated and suppressed, respectively, with a false discovery rate (FDR) <0.05 in both

cohorts; B: Representative pathways selected after gene-overlap-based redundancy reduction; C: Functional networks of concordantly

altered pathways
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Figure 1 Cross-cohort pathway analysis identifies reproducible functional alterations in nasopharyngeal carcinoma (NPC)
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A: Hierarchical clustering dendrogram and module assignments for 10 000 highly variable genes in GSE102349; B: Stage-stratified Cox

analysis of the association between module eigengenes and disease progression; C: Representative functional enrichment of the 4 exploratory

candidate modules
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Figure 2 Co-expression network and exploratory stage-stratified Cox analyses identify functionally distinct candidate modules
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A Cross-cohort validation of tan and turquoise modules; B: Gene-level integration of turquoise-module membership and robust cross-cohort

expression effects; C: Cross-cohort expression effects and module membership of the 30 highest-ranked proliferation-related candidate gene set;

D: Representative functional enrichment of the complete 274-gene candidate set
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Figure 3 Cross-cohort construction and functional characterization of a proliferation candidate gene set
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A: Representative compounds showing consistently negative connectivity across the Top50, Topl00 and Top150 queries; B: Representative

mechanisms of action recurrently prioritized across the 3 query sizes; C: Comparison of median NCSct values between protein-synthesis

inhibitors and all other compounds; D: NCSct values of 7 representative translation-inhibiting compounds across the 3 query sizes
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Figure 4 Connectivity analysis identifies compounds and mechanisms showing inverse transcriptional

associations with the NPC proliferation candidate set
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A: Cross-cohort summary of 9 prespecified translation-related categories in GSE12452 and GSE53819; B: Expression patterns of elF4A-related

factors in GSE12452 and GSES53819; C: Within-sample associations between elF4A-related transcripts and 9 translation programs in

GSE102349; D: External evaluation in GSE68799
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Figure 5 Multi-cohort transcriptomic analyses reveal factor- and process-selective associations between elF4A -related

components and translation programs in nasopharyngeal carcinoma
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A: EIF4A1 expression across 7 581 malignant cells from 11 patients with NPC in GSE150430; B: Network-perturbation ranking of 2 185 non-

EIF4A1 genes in an expanded network constructed from a patient-level cell-count-capped set of 1 485 malignant cells; C: One-sided positive

pre-ranked GSEA based on the complete directed perturbation ranking; D: Sensitivity analyses after sequential removal of cytosolic RPL/RPS

and mitochondrial MRPL/MRPS genes
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Figure 6 Single-cell network virtual perturbation of EIF4A1 primarily involves ribosomal-protein and

mitochondrially encoded transcripts

3 itig

AT 5 38 1o #5 BA 51 TG i 43 M1 1R 81 NPC AR RE ) 448
BTG 5 £F BRI, IR 274 A F R 398 B ok ke
S o FEEME T SR B A A ML B
2H M B LR 14 5 Silvestrol 52 56 4L [R] 3% 3 NPC 4775 LA
WA R b AR B A A S R A1 (1) eTF4A B 128 e 55
Pho ABFFTSEEL T MBS DI REARAS U 1 SRR P 42
e 23 AIL ] T ) 52 56 00 0E 1Y 1% 29K A, 8 NPC B
PRARHS A BL R e AT S 0 1) T TR AL T 4 A A T HEZE .
3.1 ra¥gigh of A2 5 55 & B A NPC 89 7T &

AR RE

REFEA ST 47~ , NPC AN [R] 43—~ 37 2 1] 43 J51) 52 81
200 SR 300 2 R AR A 0 S A5 2R AR MR, CCNDL
P EE CDKN2A {25 1) NPC 81 th, 7] % CDK4/6 1 ]
FI UM ARFSEHE B3 E2F MYC.G2/M
checkpoint . DNA & ifil F1 4% €5 44 98 2 11 7y B T4
I TS 2 kT BA B RS e T A A A ] Ty IR

Ao BFPHE 247 BB B AN R R4 F- 5 6] 24 0] o
5SS — B PP oK 3 58 T g PR ] REAG B NPC A
R R BRI 2 1T A SRR, I8 Turquoise 1 5 4%
e S U P DI R AIL T A 2 AR

NPC (11l RAT Ay [ B 32 1) o Jed SR Ba s e o
YA A FE 48 7R T NPC %M 20 i R G0 75 40 R HR 285 1)
H S FHE R A G I TR S S R E AR
FHOG o ASBIE G Hh G 2 0% AR e 2 A PR i XU Jr 1
5 s WA R, B NPC 1 J ] 58 Bk 1 3% vk 4h
JH 345 BK B 5 i 2 G e A R (R S . o — I
£ B RN 22 R A AN BAF o — BRI, b NPC 43 F
BIScRh 7 T 1 B G5 5o A RS 25 R I 4E 2 5 {H Tan
ARSI 41 DR S IR 1 o SRAS RS 114 1855 BA A R SR, [
W SCATI AR AR R L R B
3.2 MR AW E A B YEEN S TR SN

K

REAE NPC 25 2 N C FNBE IR S [ 5



2766

B 472 R K2 2A 4, 2026,48(19)

http ://aammt. tmmu. edu. cn

A B 5-8F C 5-8F
100-|, = 5-8F Silvestrol — 5 nmol/L 26 nmol/L Silvestrol - 5 nmol/L 26 nmol/L
] 2z A
2
©
= |
©
2
c 504
E CNE-2Z
8 [ | Silvestrol - 2.5 nmol/L 12 nmol/L Silvestrol — 2.5 nmol/L 12 nmol/L
. 4 A /\\
0 T T T T
-2 -1 0 1
Logs[Silvestrol/(umol/L)]
D 5-8F CNE-2Z
Silvestrol 48 h Silvestrol 48 h
= 72 h =72 h
— 5 nmol/L 2 nmol/L P<0.0001 2.5 nmol/L 12 nmol/L P<0.0001
P<0.0001 <0.0001
100 P<0.0001 P<0.0001
P<0.0001

80

w- -
-:- -
N
~

NC 5 nmol/L 26 nmol/L

80 P<0.0001

NC 2.5 nmol/L 12 nmol/L

<

o
<
ce]
<
=
N
~

A: Dose-response curves of 5-8F and CNE-27Z cells treated with Silvestrol; B: Representative crystal-violet staining showing concentration-

dependent suppression of cell growth following Silvestrol treatment; C: Colony-formation assay showing reduced long-term clonogenic capacity

of 5-8F and CNE-2Z cells; D: Representative wound-healing images and quantitative analysis showing delayed wound closure at 0, 48 and 72 h
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Figure 7 Silvestrol suppresses cell viability, clonogenic growth and wound closure in NPC cells
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