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IL2-mediated modulation of small extracellular vesicles
secretion and PD-L1 expression: a novel perspective for
neutralizing immune suppression within cancer cells

Cancer cells secrete small extracellular vesicles (SEVSs) to
regulate various cellular functions, like tumor growth and
metastasis, by promoting epithelial-mesenchymal transi-
tion and angiogenesis [1, 2]. Additionally, cancer cells
evade immune surveillance by upregulating the surface
expression of cellular programmed death-ligand 1 (cPD-
L1), which interacts with programmed cell death-1 (PD-1)
on cytotoxic T cells, suppressing immune responses [3].
Moreover, cancer cells release sEVs displaying PD-L1 on
their surface [4]. Cancer-derived exosomal PD-L1 (ePD-
L1), similar to cPD-L1 in cancer cells, can hinder immune
cell activation, inducing an immunosuppressive tumor
microenvironment [5]. Therefore, modulating sEV secre-
tion or PD-L1 expression in cancer cells may be a crucial
strategy for altering the tumor microenvironment.

Herein, we conducted a screening to identify natural fac-
tors regulating sEV secretion from cancer cells and discov-
ered that Interleukin-2 (IL2) predominantly reduces sEV
secretion in B16F10 cells (Supplementary Figure S1). IL2,
a commonly used FDA-approved therapy for melanoma,
typically exerts anticancer effects by activating immune
cells expressing the IL2 receptor complex (IL2R), consist-
ing of IL2RA, IL2RB, and IL2RG [6-8]. Remarkably, IL2R
is also expressed in certain types of cancer cells, includ-
ing melanoma cells. However, the potential impact of IL2
on IL2R-expressing cancer cells has not been thoroughly
investigated.

To explore the effects of IL2 on cancer cells, we uti-
lized mouse and human melanoma cells expressing IL2R
(Supplementary Figure S2A). We treated these melanoma
cells with IL2 and subsequently isolated SEVs to assess
the impact of IL2 on sEV secretion (Supplementary Figure

List of Abbreviations: Con, control; cPD-L1, cellular programmed
death-ligand 1; ePD-L1, exosomal programmed death-ligand 1; IL2,
Interleukin-2; IL2R, Interleukin-2 receptor complex; IL2-T,
Interleukin-2-tethered; PD-1, programmed cell death-1; sEV, small
extracellular vesicle; WT, wide type.

S2B-D). IL2 reduced the number of secreted SEVs com-
pared to the PBS control (Figure 1A) and significantly
decreased the expression of Rab GTPases, which regulate
sEV biogenesis and secretion in melanoma cells (Figure 1B
and Supplementary Figure S2E). This effect presents a dif-
ferent pattern from the previously known effects of IL2 on
sEV regulation in immune cells [9].

In addition to examining the effects of IL2 on cancer
cell-secreted sEVs, we also investigated its impact on
immune checkpoints, which are crucial regulators of
immune surveillance [5]. Interestingly, IL2 treatment
significantly reduced cPD-L1 levels among immune
checkpoints in melanoma cells without affecting cell
proliferation (Figure 1C and Supplementary Figure S3).
IL2 treatment significantly reduced ePD-L1 expression
in melanoma cell-derived sEVs, with equal SEV amounts
confirmed by sEV markers (Figure 1D and Supplementary
Figure S4A-B). Next, we assessed whether regulation of
ePD-L1 by IL2 affects CD8" T cell activity. sEVs from
PBS-treated B16F10 cells significantly reduced Granzyme
B levels in CD8' T cells compared to control, whereas
sEVs from IL2-treated B16F10 cells did not. The inhibitory
effects of SEVs on CD8* T cell activation were abolished
by anti-PD-L1 antibodies (Supplementary Figure S4C).
Furthermore, we observed that IL2-mediated reduction
of ePD-L1 derived from melanoma cells enhanced the
cytotoxicity of CD8" T cells in co-culture with cancer cells
(Supplementary Figure S4D-E). These data suggest that
the decrease in ePD-L1 caused by IL2 promotes CD8t T
cell cytotoxicity and cancer cell death.

Subsequently, we analyzed whether the effects of IL2
in cancer cells depend on IL2R signaling to uncover the
molecular mechanism of IL2 action. The formation of
the IL2RB-IL2RG complex, regardless of IL2RA, is crucial
for IL2 signal transduction [7]. Neutralizing antibodies
against IL2RB and IL2RG restored IL2-mediated reduction
in Rab27a expression, sEV secretion, and expression of
both cPD-L1 and ePD-L1 (Figure 1E-F, Supplementary
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FIGURE 1 IL2 potently reduced sEV secretion and expression of both cPD-L1 and ePD-L1 in melanoma cells. (A-B) B16F1 and B16F10
cells were incubated with 10 IU/mL IL2 for 48 h. (A) The number of SEVs secreted by B16F1 and B16F10 cells was measured by NTA (n = 3).
(B) Protein expression of Rab27a in B16F1 and B16F10 cells was measured by western blotting. (C) Representative immunofluorescence
images of cPD-L1 (green) in mouse melanoma cells. Scale bars: 50 um. DAPI (blue) indicates cell nuclei. Cells treated with PBS were used as a
control (Con). (D) Expression of ePD-L1 from B16F1 and B16F10 cells after 48 h of treatment with PBS or 10 IU/mL IL2. Protein expression of
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Figure S5A-C). Similarly, IL2RB knockdown abolished
IL2-mediated regulation in cancer cells (Supplemen-
tary Figure S5D-F). Next, we explored the intracellular
signaling pathways through which IL2 exerts its effects
in melanoma cells [6-8]. IL2 potently increased ERK
phosphorylation in melanoma cells, while STAT5 and
AKT phosphorylation were unaffected (Supplementary
Figure S6A). Co-treatment of melanoma cells with IL2 and
a MEK inhibitor abrogated the inhibitory effects of IL2
on sEV secretion and PD-L1 expression, unlike treatment
with a STATS5 inhibitor or a PI3K inhibitor (Figure 1G-H
and Supplementary Figure S6B-C). Melanoma cells
expressing dominant-negative ERK1 showed no alteration
in phosphorylated ERK, Rab27a and PD-L1 levels upon
IL2 treatment (Supplementary Figure S6D-F). Further-
more, the increased sensitivity of melanoma cells to T
cell-mediated cytotoxicity induced by IL2 was attenuated
by the MEK inhibitor (Supplementary Figure S6G).
Taken together, these results suggest that IL2 regulates
melanoma cell function through an IL2R-MEK/ERK
axis.

Next, we examined whether the effects of IL2 on can-
cer cells observed at the cellular level extended to mouse
tumor models. Conventional intravenous or intratumoral
injection of IL2 in cancer-grafted mouse models fails to
induce selective activation of IL2R signaling in trans-
planted cancer cells. To address this limitation, we devel-
oped a novel method to analyze the cancer cell-specific

effects of IL2 in vivo by anchoring IL2 to the cancer
cell plasma membrane using a flexible linker, enabling
self-stimulation without diffusion [10] (Supplementary
Figure S7). Applying this method, we observed a remark-
able reduction in tumor growth without changes in body
weight in both IL2-treated and IL2-tethered (IL2-T) mice,
but not in control mice (Figure 1I and Supplementary
Figure S8A-D). Compared to control mice, IL2-T mice,
like soluble IL2-treated mice, showed reduced expression
of Rab27a and cPD-L1 in tumor tissue and decreased lev-
els of ePD-L1 in plasma (Figure 1J-L and Supplementary
Figure S8E-F). This indicates that cancer cell-specific stim-
ulation by IL2 can limit cancer cell activity, such as SEVs
secretion and PD-L1 expression, similar to systemic 1L2
administration.

In the previous syngeneic mouse tumor model, PD-L1
could be expressed in both cancerous and non-cancerous
cells, which led to uncertainty about the origin of plasma
ePD-L1 (Figure 1L). To specifically analyze cancer cell-
derived ePD-L1, human cancer cells were transplanted into
nude mice, and human ePD-L1 levels were measured. As
expected, IL2 significantly suppressed Rab27a and PD-L1
expression in tumor tissues (Figure IM and Supplemen-
tary Figure S9). Consistent with the syngeneic mouse
results, IL2 treatment significantly reduced plasma levels
of human melanoma cell-derived ePD-L1 (Figure IN and
Supplementary Figure S10). These data indicate that IL.2
can decrease cancer cell-derived ePD-L1 in vivo.

ePD-L1 and sEV markers (ALIX, CD63, and TSG101) in cancer cell-derived sEVs was analyzed by western blotting. (E-F) B16F10 cells were
treated with 10 IU/mL IL2 for 48 h, after IL2RB or IL2RG was blocked by probing with neutralizing antibodies, e.g. «IL2RB and «IL2RG for 1
h. (E) Protein expression of Rab27a and cPD-L1 in cells was detected by western blotting. (F) Representative flow cytometric plots (left) and
quantification (right) of ePD-L1 expression (n = 4). (G-H) B16F10 cells were co-treated with 10 IU/mL IL2 and signaling inhibitors (PD98059,
MEK inhibitor; LY294002, PI3K inhibitor; PIMOZIDE, STATS5 inhibitor) for 48 h. Protein expression of Rab27a and cPD-L1 was determined by
western blotting (G). Representative flow cytometric plots (left) and quantification (right) of ePD-L1 expression (n = 4) (H). (I) B16F10-luc-g5
cells (WT), IL2-T, or Thrombopoietin(TPO)-T were transplanted subcutaneously into C57BL/6 mice. TPO-T was used as a control. When the
tumor reached a size of 30 mm?, the WT-transplanted mice were injected intratumorally with PBS or IL2 (50,000 TU/mice) seven times every
2 days. Tumor volume of allografts in C57BL/6 mice (n = 11/group). (J) Representative IHC images of Rab27a (upper panel) and cPD-L1 (lower
panel) expression in tumor tissue. Scale bars: 100 um (zoomed-out) and 25 pm (zoomed-in). (K) Representative immunocytochemistry (ICC)
images (green: Rab27a, red: cPD-L1, blue: DAPI). Scale bars: 100 um. DAPI indicates cell nuclei. (L) Level of ePD-L1 isolated from mouse
plasma was verified by flow cytometry. Representative flow cytometric plots (left) and quantification (right) for ePD-L1 expression (n = 3—5).
(M) SK-MEL-28 xenograft models were established in CAnN.Cg-FoxnlInu/Crl mice. When tumor size reached 30 mm?, PBS or IL2 (50,000
IU/mice) was injected intratumorally daily. Left: Representative western blot bands indicating protein expression of Rab27a and cPD-L1 in
mouse tumor tissues. Middle: Quantification of western blot bands to determine the ratio of Rab27a to -actin using Image J (n = 5). Right:
Quantification of the western blot bands to determine the ratio of cPD-L1 to 3-actin using Image J (n = 5). (N) Level of ePD-L1 isolated from
mouse plasma was measured by flow cytometry. Representative flow cytometric plots (left) and quantification (right) for ePD-L1 expression (n
=11). (O) Protein expression of Rab27a and cPD-L1 in lung cancer cells from seven lung tumor patients after 48 h of treatment with PBS or 10
IU/mL IL2 was detected by western blotting. Left: Representative western blot bands indicating protein expression of Rab27a and cPD-L1.
Middle: Quantification of the western blot bands to determine the ratio of Rab27a to S-actin. Right: Quantification of the western blot bands
to determine the ratio of cPD-LI to B-actin using Image J. The p values of unpaired two-tailed Student’s ¢ test in (A, M, N, O), one-way ANOVA
with Holm-Sidak’s multiple comparisons test in (F, H, L) and two-way ANOVA with Sidak’s multiple comparisons test in (I): *P < 0.05; **P <
0.01; ***P < 0.001; ****P < 0.0001; ns, not significant. Representative data from triplicate experiments. Data are shown as mean + SEM.
Abbreviations: cPD-LI, cellular programmed death-ligand 1; ePD-L1, exosomal programmed death-ligand 1; ICC, immunocytochemistry; IHC,
immunohistochemistry; IL2, interleukin-2; sEV, small extracellular vesicle; WT, wide type.
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To extend these findings to other cancer types, we
investigated IL2’s effects on human lung cancer cells.
IL2 treatment downregulated Rab27a and PD-L1 levels
in IL2R-expressing lung cancer cells, but not in IL2R-
non-expressing lung cancer cells (Supplementary Figure
S11). Additionally, we examined patient-derived lung
cancer cells and found that IL2 significantly decreased
Rab27a and cPD-L1 levels in IL2R-expressing lung cancer
samples from seven donors (Figure 10 and Supplementary
Figure S12). Our data suggest that IL2’s effects on cancer
cells are conserved across human, mouse, and heteroge-
neous cell types, providing new clinical insights into IL2
mechanisms.

Current studies on IL.2 have predominantly focused on
immune cells; however, its key functions in non-immune
cells, particularly cancer cells, remain poorly understood.
This study demonstrates that IL2 acts directly on can-
cer cells, reducing sEV secretion and PD-L1 expression
through the IL2R-MEK/ERK signaling. In mouse tumor
model, melanoma cell-specific IL2 stimulation strongly
inhibited tumor growth and decreased Rab27a and cPD-
L1 expression in tumor tissues, along with ePD-L1 levels
in plasma. Furthermore, the efficacy of IL2 was confirmed
in patient-derived lung tumor cells, suggesting poten-
tial clinical implications for IL2 in patients with IL2R-
expressing tumors. These findings provide insights that
may broaden the clinical applicability of IL2 by suggesting
novel immuno-oncology mechanisms. Further investiga-
tions into the direct effects of IL2 on IL2R-expressing
cancers may warrant reconsideration of IL2 as a significant
treatment option for various cancers.
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