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[ Abstract] The nuclear envelope is a key functional structure of the eukaryotic cell nucleus. Its core components, Lamins and
Emerin, play important roles in cancer by dynamically regulating genome stability, signaling pathway interactions, and nucleo-
cytoskeletal coupling. This review systematically summarized recent advances in the study of nuclear envelope proteins in lung,
liver, colorectal, breast and prostate cancer with a focus on elucidating the molecular mechanisms by which these proteins drive
malignant phenotypes. Key recent findings are highlighted in three areas: (1) In genomic stability, lamin defects have been identified
as a direct cause of nuclear envelope rupture and dysregulated DNA damage response; 2 In epigenetic reprogramming, Lamin B1
has been shown to recruit the EZH2 complex to catalyze H3K27me3 modification, leading to the silencing of tumor suppressor
genes; (3 In signaling network interactions, recent studies have revealed that the Notch-Wnt pathway enhances transcriptional
activity via the HES1/TCF4 complex, while the PI3K/Akt pathway promotes [3 -catenin stabilization by inhibiting GSK33
phosphorylation. A deeper understanding of the dynamic regulatory mechanisms of nuclear envelope proteins may provide novel
strategies for precision cancer therapy. Future research should integrate multi-omics data to systematically elucidate the conserved
and cancer-type-specific aspects of nuclear envelope protein networks, and efforts should be directed toward developing Lamins
isoform-specific inhibitors and combination therapies targeting the nuclear envelope-signaling axis, thereby improving the response
rate to targeted therapy and patient survival outcomes.

[ Key words ] Nuclear proteins; Neoplastic processes; Signal transduction; Lamins; Emerin
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Fig. 1 Functional architecture of nuclear envelope proteins

The nuclear lamina is positioned at the inner nuclear membrane and mainly consists of Lamins. Emerin protein becomes stably anchored at the inner
nuclear membrane through its functional interplay with the barrier-to-autointegration factor and Lamin A. They critically regulates multiple
fundamental cellular processes, including cell proliferation, DNA replication and differentiation, gene expression, nuclear morphology maintenance

and signal transduction.
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Tab.1 Nuclear envelope protein dysregulation is cancer type-specific

Nuclear

membrane Exp ression Cancer association Core mechanism
. alteration
proteins
, Upregulate Prostate cancer, breast cancer PTEN inhibition—PI3K/Akt activation; Nuclear translocation of B-catenin—>EMT
Lamin A/C
Downregulate Colon cancer Chromatin relaxation—Aberrant transcription of oncogenes (e.g. MYC)
Upregulate CRC, NSCLC H3K9me2 deposition by G9a—CDHI1 silencing
Lamin Bl
Downregulate Liver cancer, lung cancer PRC2 disassembly—RET derepression—>MAPK pathway activation
Upregulate Lung adenocarcinoma BCAP31 interaction—Wnt pathway dysregulation
Emerin

Downregulate  Ovarian cancer, breast cancer

B-catenin accumulation—Notch co-activation

NSCLC: Non-small cell lung carcinoma.
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Emerin i 13 45 & B-catenin 1 ] Fo 4% S0 M, i
Emerin ) v 2 40MLJ5T)5 , B-catenin B R f4 B A7 )il
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2.6.2 Lamin B1

5 Lamin A/C#H)2, Lamin B1 7L IRIE 5
FHIHSRENARBUGHAE. FI5E ™ &
P, ZFESE T Lamin B1 %) Neddylation {2 1ffi 7K
IR, A RRE pS3 B R I A B 3KE,
R IE S5 3 B, R BF Lamin B1 5 % 6 A2 4K
LBR 454, #5 MAPK/ERK %5 34 i AH 3¢ 18 %
Il PR 20 P A B A 5% 7, #E [m) Lamin B1 0] #f)
HBE AR
27 A F AR

A1) B A0 A% B S 5 o i e 2 DAL O
HAZ O PN B Lamin 5 25 [ A B 25 45 55
P S e (0 T 25 (] B4 2 . Helfand 25 7 BF5E
KI, TERIS M A 2 b A g e iR Y
GERFNAZA- IR B A T o2, FFIESEAE S P
RIS (AT 91 B9 240 L 34 5 Lamin A/C 9%
i, {HEkZ Lamin B %00, IR A4
£ X & Lamin B il [ 3 45 #4 3 (Lamin B-
deficient microdomains, LDMD). A WF5¢ 5% #&
M, 7E Gleason P IK I HTF B H Lamin A/C 15
HIEKRY, 7 Gleason P47 = U RIS IRdE: 7
Lamin A/C 7EJ 40 0B8R vp g R ik, (HHAE L
IR, LR X & ik, At Lamin
A/C IR SRR GRS | R B G T
FESA I WIS RIR & IS5 2 A0 S A5 30
1 4% PI3K/Akt/PTEN, EMT Fll MET 15 5 i % .
PTEN ;& 5L A, T AE i 51 i 98 v % B PTEN
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Flp110 W IEAG R PI3K, | PIP2 %475 4 PIP3 .,
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p85a Fl pl10a F1iy, {2 PIP2 % 7% 24 PIP3, %
6T Akt, IS5 T Nl asgss . i A4 %
FAZZERIFE, (FTHTH) g 4 M 1) 2 e e &4t
& JE .

341, CRISPR A1) LMNA w5 v] it 35 1
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e 300 5 DL A HE AR Y B AR W2 D fig . S S Al oy
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Tab.2 Pathway atlas of high-incidence cancers

Cancer type Core signaling pathway

Key regulatory protein

Clinical relevance

Lung cancer Wnt/B-catenin, RET, MET

Liver cancer PI3K/Akt, Wnt/B-catenin

Colorectal .
Notch, Wnt/B-catenin
cancer

Breast cancer PI3K/Akt, Notch
PI3K/Akt/PTEN, Wnt/

Prostate cancer .
-catenin

Lamin B1 (cancer suppression),
Emerin

Lamin B1 (oncogenic)

Lamin A/C (biphasic regulation)

Lamin A/C-Emerin complex

Lamin A/C (spatial heterogeneity)

EGFR-TKIs resistance
Early diagnostic biomarker
Stemness maintenance

Nuclear morphological abnormalities and metastatic
potential

Gleason score-associated therapy resistance
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Fig.2 Signaling network of nuclear membrane protein dysfunction in malignant transformation and metastatic spread

A: PI3K/Akt signaling pathway: Elevated Lamin Bl expression coupled with reduced Emerin levels promotes Akt phosphorylation, thereby
modulating downstream genes involved in the proliferation/apoptosis balance. The activated PI3K/Akt pathway facilitates Lamin A/C degradation
and suppresses LMNA transcription. Conversely, Lamin A/C overexpression induces loss-of-function or acquired mutations in PTEN, abrogating its
inhibitory effect on the PI3K complex (p85a-pl110a). This enhances PIP2-to-PIP3 conversion, leading to sustained Akt activation via the PDKI1-
dependent pathway and exacerbating tumor malignancy. B: Wnt/@ -catenin signaling pathway: Lamin A/C and Emerin inhibit GSK-3 activity
through Akt-mediated phosphorylation, resulting in cytoplasmic accumulation and subsequent nuclear translocation of B-catenin. Nuclear 8-catenin
binds TCF/LEF transcription factors to activate proto-oncogenes (e.g. c-Myc, Cyclin D1), driving aberrant cell cycle progression and tumorigenesis.

C: Notch signaling pathway: Dysregulated Lamin A/C and impaired Emerin localization at the nuclear envelope potentiate Notch signaling by
facilitating the release of the Notch intracellular domain (NICD). This upregulates HES/HEY family transcriptional repressors, which suppress pro-
apoptotic genes (e.g. Nur77, Bel-2) while enhancing the activity of cell cycle regulators (e.g. Cyclin D1, CDK4/6), thereby promoting tumor

progression.
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