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The tumour microenvironment (TME) encompasses the dy- 
namic interplay of malignant cells with surrounding stroma, 
vasculature, immune cells, and extracellular matrix. Decades 
of work have shown that the TME is far from a passive 
by-stander in oncogenesis; rather, it actively shapes tumour 
evolution, metastatic dissemination, and therapeutic responses 
[ 1 , 2 ]. Immune infiltration—particularly of CD8+ T cells—is a 
favourable prognostic marker in many cancers, but this benefit 
can be erased by co-existent regulatory T-cells (Tregs), tumour- 
associated macrophages, myeloid-derived suppressor cells, and 

up-regulation of immune checkpoint molecules e.g. programmed 

death-ligand 1 (PD-L1), cytotoxic T-lymphocyte antigen-4 (CTLA- 
4), V-domain immunoglobulin suppressor of T cell activation 

(VISTA). Collectively, these constitute an immunosuppressive TME 
[ 1 , 2 ]. This arises from a convergence of tumour-intrinsic and 

host factors that blunt immune recognition and cytotoxic re- 
sponses. Among several molecular circuits, neoangiogenic vas- 
culature expresses aberrant adhesion molecules and may se- 
lectively favour Treg infiltration or exclude cytotoxic T-cells. For 
instance, prostate-specific membrane antigen expression in tu- 
mour neovasculature correlates with features of immune sup- 
pression (reduced cytotoxic T-cell signatures), suggesting that vas- 
cular phenotype can reflect and contribute to an immunosuppres- 
sive microenvironment [ 3 ]. This underscores how distinct molec- 
ular markers can reflect broader immune-landscape states. 

S-Phase kinase-associated protein 2 and 

TME: mechanistic insights and implications 

S-Phase kinase-associated protein 2 (SKP2), an F-box protein com- 
ponent of the S KP 1–CUL1–Fbox (SCF) ubiquitin-ligase complex,
has long been recognised as a canonical oncogene: by tagging 
tumour-suppressor substrates (such as p27, p21, FOXO1) for pro- 
teasomal degradation, SKP2 enables cell cycle progression from 

G1 to S phase, supports proliferation, and inhibits senescence or 
apoptosis [ 4 ]. However, the recent shift is towards understanding 
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ts non-proliferative roles in remodelling the TME and immune 
andscape. Liao et al . propose SKP2 as a dual oncogenic driver
cell-cycle, proliferation) and immunosuppressive regulator, mak- 
ng it a promising immunotherapy-adjunct target [ 5 ]. 

SKP2 inhibition was shown to down-regulate CD47 (a "don’t- 
at-me" signal) in gastric cancer models, thereby enhancing 
acrophage phagocytosis of tumour cells [ 6 ]. While Liao et al .

id not focus on CD47, their pan-cancer analysis demonstrated 

hat SKP2 plays a broadly inhibitory role in the tumour immune
icroenvironment, a finding further validated by multiplex im- 
unofluorescence staining in Skp2 knockout transgenic mouse 
odels, which showed increased immune cell infiltration [ 5 ]. The

ompanion study by Peng et al . showed that SKP2 targets the DNA-
icensing factors CDC6 and CDT1 for degradation; when SKP2 is
nhibited, these factors accumulate, cause replication stress and 

ytosolic DNA fragments, thereby activating the cyclic GMP-AMP 
ynthase/stimulator of interferon genes (cGAS/STING) pathway,
timulating type I interferon responses and promoting CD8+ T-cell 
ecruitment [ 7 ]. 

In Skp2 -knockout tumour models, there was an increase in to-
al F4-80+ macrophages, accompanied by increased expression 

f chemokines (e.g. CXCL9/10) that recruit effector T-cells. Liao 
t al . showed that high SKP2 correlates with a macrophage sig-
ature enriched for immunosuppressive subtypes [ 5 ]. Mechanisti- 
ally, elevated SKP2 expression may contribute to widespread sup- 
ression of MHC molecules and chemoattractant cytokines and 

heir receptors. Overall, recent findings place SKP2 as an immune-
odulatory node. Inhibiting SKP2 in tumour cells triggers replica- 

ion stress (via elevated CDC6, CDT1), which in turn leads to ac-
umulation of cytosolic DNA, activation of the cGAS/STING path- 
ay (or at least a DNA-damage/innate immune sensing signa- 

ure), and enhanced tumour-cell intrinsic immune response [ 5 , 7 ].
n murine tumour models, this translates into improved response 
o immune checkpoint blockade (ICB) [ 7 ]. Thus, SKP2 inhibition

ay unmask tumour cells to immune sensing, converting a ’cold’
umour into a more ’visible’ one. 
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Additional lines of evidence from non-small cell lung can-
er (NSCLC) and osteosarcoma support this notion. In NSCLC
ith loss of LKB1 (STK11)—a known immunotherapy-resistance
ackground—SKP2 acts as the E3 ubiquitin ligase that cataly-
es K63-linked polyubiquitination of PD-L1 (on K136 and K280)
nd thus stabilizes PD-L1 protein [ 8 ]. LKB1 status correlates with
D-L1 protein levels and a "T cell-enriched hot" TME, trans-
ating into better patient responses with LKB1 wild-type and
igher PD-L1 [ 8 ]. Conversely, inhibition of SKP2 (via shRNA or
ompound #25) reduced PD-L1 expression, and in vivo converted
 “hot” TME into a "cold" TME, abrogating benefit from anti-
D-1/PD-L1 therapy [ 8 ]. There is a strong translational message
manating from these findings linking proliferation/ubiquitin-
igase biology with immune-checkpoint regulation: stratification
f patients by LKB1/SKP2 status (and PD-L1) for ICB, followed
y SKP2 targeting may modulate ther PD-L1/immune-checkpoint
xis. Triple Rb1/p53/Skp2 knockout (TKO) in an osteosarcoma
ouse model corroborates this concept, showing increased ex-

ression of immune-microenvironment infiltration genes (espe-
ially macrophage lineage, and to a lesser extent, T cells, B cells,
ascular cells) [ 9 ]. In osteosarcoma patient cohorts, high expres-
ion of the TKO-upregulated gene module (immune infiltration
ignature) correlated with favourable overall survival. Also, SKP2
xpression negatively correlated with macrophage infiltration [ 9 ].
his is strong in vivo evidence that SKP2 controls the ’immune ex-
lusion’ phenotype of the TME. It connects SKP2 activity to not
nly tumour-intrinsic proliferation but also stromal/immune cell
nfiltration in the microenvironment. 

The idea that SKP2 can modulate immune sensing extends be-
ond proliferation. Although it was not tumour-centric, a study of
nti-PD-1 treatment in thyroid cells showed decreased AKT1 and
KP2 levels, leading to enhanced immunosensitivity through PD-
1 downregulation, increased IFN- γ production, and greater CD8+ 

-cell-mediated killing [ 10 ]. SKP2 was found to interact with PD-
1 protein (via immunoprecipitation) in thyroid cells, and SKP2
nhibition mimicked the anti-PD-1 effect in facilitating immune
ecognition of thyroid cells [ 10 ]. Collectively, several lines of ev-
dence culminating in those from Liao et al . position SKP2 as a
romising nexus between tumour proliferation and immune eva-
ion [ 5 ]. SKP2 not only drives cell-cycle progression but also en-
bles tumours to hide from immune attack by controlling check-
oint expression, limiting innate immune sensing, and shaping
he immune-cell infiltration landscape (Table 1 ). 

romising research directions and clinical 
otential 
he findings of Liao et al . raise multiple exciting avenues for in-
estigation and translational exploitation [ 5 ]. From a therapeu-
ic vantage, modulating SKP2 (or its downstream pathways) of-
ers a double-edged benefit: slowing tumour growth and enhanc-
ng immune visibility. First, the fact that SKP2 inhibition en-
ances CD8+ T-cell infiltration and responsiveness to immune
heckpoint inhibitor (ICI) suggests that small-molecule or prote-
lysis targeting chimera (PROTAC)-mediated SKP2 blockade may
onvert "cold" tumours into "hot" immune-responsive ones [ 11 ].
re-clinical synergy of SKP2 inhibitors with anti-PD-1/PD-L1 or
nti-CTLA-4 is warranted. Second, SKP2 expression could serve
s a biomarker not only of proliferative capacity, but of immune-
xclusion phenotype. Patients with high SKP2 might be predicted
o have poor response to ICI alone but improved benefit if SKP2
s co-targeted. Thus, correlating SKP2 with immune-signatures



SKP2 as an immune–proliferation switch | 3

 

d
t
m
t
i
o
c  

c
a  

fl  

S  

t  

v  

b
 

b  

o
m  

s
a
S  

S
t
t

A
P
t
r

C
N

R
1

2

3

4  

5  

 

6  

7  

D
ow

nloaded from
 https://academ

ic.oup.com
/pcm

/article/8/4/pbaf033/8326517 by guest on 13 January 2026
may refine patient stratification. Third, while historic efforts to 
target SKP2 focused on inhibiting its F-box function (e.g. com- 
pounds C25) or disrupting SCF assembly, more recently PROTACs 
that degrade SKP2 (e.g. Skp2-PRO-1) have emerged [ 11 ]. Given the 
immune-remodelling benefit, drug development should prioritize 
tumour models with immune-cold microenvironments. Addition- 
ally, one must assess on-target toxicity given SKP2’s role in normal 
proliferative tissues. Fourth, while the pan-cancer study gives as- 
sociative data and proof-of-concept in murine models, detailed 

mechanistic interrogation is needed in specific human tumour 
types (e.g. bladder, lung, melanoma) [ 5 ]. Determining whether 
SKP2’s immune role is mediated primarily via tumour cells (in- 
trinsic) vs stromal/immune cells (extrinsic) will guide therapeu- 
tic design. One might ask whether SKP2 in tumour-associated 

macrophages independently contributes to immunosuppression. 
Overall, the TME is multifactorial: hypoxia, metabolic dysregula- 
tion, ECM remodelling, and angiogenesis all link to immune sup- 
pression. Investigating how SKP2 intersects with these axes (e.g.,
does SKP2 regulate hypoxia-responsive elements or affect lactate 
metabolism?) may broaden its relevance. Indeed, SKP2’s link to 
glucose metabolism in hepatoblastoma (via isocitrate dehydro- 
genase 1) points to cross-talk between metabolism and immune 
evasion [ 12 ]. Nonetheless, not all cancers may equally depend on 

SKP2 for immune evasion. Exceptions were observed in kidney 
renal clear cell carcinoma and lower-grade glioma, where SKP2 
overexpression correlated with increased immune infiltration and 

possibly better clinical outcomes. These anomalies highlight the 
context-dependent role of SKP2 in shaping the tumor immune mi- 
croenvironment, likely influenced by cancer-specific genetic and 

immunological landscapes. Future research should explore how 

SKP2 interacts with other molecular and immune modulators in 

these tumour types. Using the pan-cancer atlas of Liao et al ., tu- 
mour types with the strongest SKP2–immune signature coupling 
(e.g., head and neck, pancreatic) should be prioritized for transla- 
tional work [ 5 ]. Tailoring strategies by tumour immunophenotype 
will be key. As with many immunotherapy adjuncts, one must an- 
ticipate compensatory resistance mechanisms. Does SKP2 inhibi- 
tion lead to up-regulation of other F-box proteins, or alternative 
immune-escape pathways (e.g. up-regulation of VISTA, TIM-3, or 
alternative metabolic checkpoints)? Pre-clinical modelling of ac- 
quired resistance will be important. 

Clinical translation and challenges 

From a clinical perspective, the concept of targeting SKP2 is com- 
pelling but will face hurdles. Drug specificity, on-target toxici- 
ties (given SKP2’s role in normal proliferative tissues), delivery 
into immune-excluded tumours, and biomarker-driven patient 
selection are all considerations. Recently, a novel high–throughput 
screening system called DEFUSE (death fusion/cell survival es- 
caper) was reported, which converts the degradation of a pro- 
tein of interest into a cell–survival read–out [ 13 ]. Applying this 
to the oncogenic protein SKP2 led to the identification of a small 
molecule degrader named SKPer1. SKPer1 functions by inducing 
proximity between SKP2 and the E3 ligase STUB1, leading to SKP2 
ubiquitination and subsequent proteasomal degradation [ 13 ]. In 

in vivo models, SKPer1 showed tumour–suppressive activity with 

a favourable safety profile [ 13 ]. Furthermore, a 10–amino–acid 

tag derived from SKP2 can serve as a "degradation tag" to con- 
fer induced–proximity degradation capability when fused to other 
client proteins [ 13 ]. This chemical strategy to experimentally ma- 
nipulate SKP2 levels could be harnessed in evaluating how SKP2 
egradation influences immune cell infiltration, antigen presen- 
ation, chemokine expression, or response to immunotherapy in 

odel systems. It therefore offers a potential mechanistic and 

ranslational tool to move beyond correlative bioinformatics find- 
ngs into functional perturbation. Moreover, the immune-effects 
f SKP2 inhibition—though robust in mouse models—must be 
onfirmed in human TMEs and in combination with ICIs in clini-
al trials. Safety in combination with standard of care (chemother- 
py, radiotherapy) must also be assessed, given that SKP2 may in-
uence DNA damage responses [ 7 ]. Nevertheless, the dual role of
KP2 in driving proliferation and immune suppression gives a high
herapeutic index: tumours dependent on SKP2 may be uniquely
ulnerable, as SKP2 may serve as both a mechanistic target and
iomarker. 

The Liao et al . study represents a timely and innovative contri-
ution to the field by positioning SKP2 not solely as a cell-cycle
ncogene but as a regulator of tumour immune microenviron- 
ent [ 5 ]. Future work should aim to delineate the tumour-type

pecificity of SKP2’s immune modulatory role, validate SKP2 as 
 predictive biomarker, and pursue early-phase trials combining 
KP2 modulation and immune checkpoint blockade. If successful,
KP2 might well join the emerging cadre of “immune-modifier”
argets that complement conventional immunotherapy and shift 
he therapeutic paradigm for otherwise refractory cancers. 
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