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Pancreatic ductal 
adenocarcinoma treatment
Pancreatic ductal adenocarcinoma (PDAC) 
remains one of  medicine’s largest areas of  
unmet need. Surgery is the only curative 
option for patients with PDAC; however, 
with late-stage disease presentation, only 
15%–20% of patients are eligible for surgical 
removal of  localized cancer. While targeted 
therapies have improved patient prognosis 
in other cancers, their efficacy is limited for 
patients with PDAC (1). As such, standard 
chemotherapy continues to be the corner-
stone of  treatment, remaining unchanged 
for nearly a decade (1). Thus, alternative 
therapeutic methods for PDAC are desper-
ately needed. Stromal targeting and cell-
based immunotherapies are attractive due to 
the characteristics of  PDAC (2–4).

Stromal targeting and immune 
based therapies in PDAC
Characterized by its dense desmoplasia, the 
PDAC tumor microenvironment (TME) is 

highly immunosuppressive. Largely orches-
trated by stromal pancreatic stellate cells 
(PSCs), the desmoplastic reaction observed 
in PDAC results in tumor hypoxia, a key 
factor in disease aggressiveness and chemo-
therapy resistance (5). Moreover, seques-
tration of  immune cells, including CD8+ T 
cells, B cells, and natural killer (NK) cells, 
limits effective immune surveillance (6–8). 
Consequently, recent trials have investi-
gated stromal targeting agents as well as 
immune cell–based therapies for the treat-
ment of  PDAC. For example, in the phase 
Ib Stromal TARgeting for PAncreatic Can-
cer (STARPAC) trial, all-trans retinoic acid 
(ATRA) was used as a stromal targeting 
agent to render PSCs quiescent, rather 
than eliminate them, as well as modulate 
immune response as measured by pentrax-
in-3 (9, 10). ATRA in combination with 
gemcitabine-Nab-paclitaxel was found 
to be safe and tolerable in patients with 
advanced, unresectable PDAC, leading to 
a phase II trial, STARPAC2 (11). Clinical 

development of  preclinically promising 
stromal-targeting and immune-modify-
ing agents, such as pegvorhyaluronidase 
Aalfa, when combined with standard che-
motherapy regimen (Nab-paclitaxel plus 
gemcitabine) has not lived up to its hope 
(12). Moreover, the spatial distribution of  
immune cells, such as NK cells, can be 
altered in response to stromal targeting 
in murine models of  PDAC (6). Taken 
together, these results suggest that mod-
ulation of  the TME and the subsequent 
cell-cell interactions in PDAC may have  
prognostic implications.

Cellular therapies, such as chime-
ric antigen receptor (CAR) T cells have 
demonstrated striking efficacy in hemato-
logical malignancies and thus have received 
much attention as a potential treatment for 
solid tumors, including PDAC, with targets 
such as CEACAM7 and Claudin18.2 (3, 
13). However, substantial challenges per-
sist, including the effective trafficking of  
CAR-T cells to sites of  malignancy. Fur-
thermore, the heterogeneous PDAC TME 
may result in cellular dysfunction and 
exhaustion upon arrival (14, 15). Notably, 
one of  the largest challenges facing CAR-T 
cell therapy is graft-versus-host disease 
(GvHD) in which the transplanted cells 
react to off-target, normal patient tissue, 
leading to adverse events (16).

Since the development of  autologous 
CAR-T cells is expensive and time con-
suming and further work is required to 
reduce potential GvHD invoked by allo-
genic CAR-T cells, attention has fallen on 
alternative cell types as the foundation for 
cell-based therapies. Thus, NK and natural 
killer T (NKT) cells with a unique opportu-
nity to reduce GvHD, while exhibiting rap-
id inherent cytolytic capabilities, have been 
developed to enhance the safety and effica-
cy of  CAR-targeted cell therapy (17, 18).

The distinct immune cell subset NKT 
cells are characterized by an invariant 
α-chain T cell receptor. Unlike T cells, 
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Prostate stem cell antigen (PSCA) is highly and preferentially expressed 
on the surface of pancreatic ductal adenocarcinoma (PDAC) cells, raising 
the promise of tumor-selective cell-based immunotherapies. In this issue 
of the JCI, Dai et al. harness PSCA for the development of an off-the-shelf 
chimeric antigen receptor (CAR) invariant natural killer T (iNKT) cell–based 
treatment for PDAC. Through in vitro experiments and in vivo models, the 
authors demonstrate selectivity and therapeutic efficacy of PSCA CAR_sIL15 
iNKT cells against both gemcitabine-sensitive and -resistant PDAC cells with 
comparable antitumor activity for freshly produced and frozen off-the-shelf 
PSCA CAR_sIL15 iNKT cells. This development opens another potential 
therapeutic option for pancreatic cancer.
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PSCA dependent, with no upregulation of  
CD69/CD25 observed in response to the 
PSCA– cell line BxPC3. Similar trends were 
noted in PSCA CAR_sIL15 iNKT degran-
ulation, cytolytic function, and cytokine 
release. Metastatic and orthotopic mod-
els further revealed antitumor activity of  
PSCA CAR_sIL15 iNKT cells, with supe-
rior efficacy observed in orthotopic models. 
Notably, Dai et al. also observed the upreg-
ulation of  PSCA in gemcitabine-resistant 
cells and further demonstrated PSCA 
CAR_sIL15 iNKT cell efficacy in gemcit-
abine-resistant PDAC models (25).

Importantly, this work demonstrates 
consistent efficacy between freshly pro-
duced and frozen off-the-shelf  PSCA 
CAR_sIL15 iNKT cells (25). Thus, using 
optimized expansion platforms, large-
scale production of  this cellular therapy 
may be possible for use in clinical trials 
and ultimately patient care. Moreover, the 
authors report similar efficacy between 
off-the-shelf  CAR_sIL15 iNKT cells and 
conventional PSCA CAR_sIL15 T cells. 
Importantly however, unlike mice treated 
with PSCA CAR_sIL15 T cells, those treat-
ed with PSCA CAR_sIL15 iNKT cells did 
not demonstrate resultant GvHD or cyto-
kine release syndrome. Taken together, the 
authors present compelling findings that 
suggest a role for PSCA CAR_sIL15 iNKT 
cells in the treatment of  pancreatic cancer, 
a therapy which may be particularly rele-
vant for gemcitabine-resistant patients (25).

Discussion and future 
directions
While this study presents an elegant design 
and exciting findings, several factors must 
be considered (25). Both the metastatic and 
orthotopic murine models displayed within 
the study are reliant on mice from a Nod-
Scid-Gamma (NSG) background, which 
are not representative of  the complex cell-
cell interactions observed within PDAC 
TME. This paradigm was further rein-
forced using cell-derived xenograft (CDX) 
models, which also relied on NSG mice. 
However, these models lack the cellular 
and stromal heterogeneity observed within 
patient-derived models (13). Indeed, within 
the field of  pancreatic cancer, further devel-
opment of  appropriate murine models is 
necessary to successfully recapitulate and 
investigate the complex TME interactions 
observed within this disease, especially 

overexpression, with almost no expres-
sion in normal tissues (21, 22). Thus, this 
biomarker may also be an effective target 
for cell-based therapy (23, 24).

In this issue of  the JCI, Dai et al. lev-
eraged PSCA to produce invariant CAR 
NKT cells derived from peripheral blood 
mononuclear cells (25). Combined with a 
soluble IL-15 (sIL-15) element, which has 
previously been shown to prevent invariant 
NKT (iNKT) cell inhibition by macrophage 
cells and/or hypoxia, Dai et al. developed 
an off-the-shelf  iNKT product that would 
enhance the natural antitumor effects of  
iNKT cells without inducing toxicity. Their 
elegant design included a truncated epider-
mal growth factor receptor (EGFR) com-
ponent, which would act as a safety switch 
to deplete the PSCA CAR_sIL15 iNKT 
cells upon administration of  cetuximab, 
a monoclonal antibody targeting EGFR. 
In vitro assays revealed that PSCA CAR_
sIL15 iNKT cells expressed higher levels 
of  the activation markers CD69 and CD25 
when compared with CAR_sIL15 iNKT 
cells. Moreover, this effect was shown to be 

NKT cells engage in target recognition 
through engagement of  the CD1d recep-
tor on antigen presenting cells (Figure 1) 
(19). This mechanism of  action limits the 
risk of  GvHD typically induced by major 
histocompatibility complex (MHC) class 
I involvement. NKT cells bridge the gap 
between the innate and adaptive immune 
systems, possessing several NK-like func-
tions, such as rapid cytokine secretion and 
cellular cytotoxicity (17, 18). Additionally, 
these effector cells are capable of  intricate 
cellular crosstalk between cells of  both 
the innate and adaptive immune system, 
promoting activation of  dendritic and NK 
cells, B and T cells, as well as macrophages 
and neutrophils (20). Taken together, these 
attributes make NKT cells a very attractive 
therapeutic option.

PSCA CAR_sIL-15 iNKT cells in 
PDAC
Recent evidence has revealed prostate 
stem cell antigen (PSCA) as a key diag-
nostic biomarker in PDAC, with approx-
imately 30%–60% of  PDAC exhibiting 

Figure 1. CAR-invariant NKT cells engage via the CD1d receptor on malignant and antigen-presenting 
cells. CAR-invariant NKT cells target malignant cells through engagement of their CAR with the target 
antigen present on the cancer cell surface. Binding induces rapid cytokine release, stimulating recruit-
ment of additional immune cell subsets, such as T cells and NK cells. In addition, CAR-iNKT cells induce 
direct tumor cell cytolysis through perforin release. CAR-iNKT cells may also engage with malignant cells 
through invariant NKT TCR engagement with tumor antigens presented via the CD1d receptor. While 
some tumoral cells express CD1d, this receptor-ligand interaction is largely mediated by antigen-present-
ing cells. Signaling through CD1d does not involve engagement of the MHCs and thus prevents induction 
of GvHD, a common adverse event observed in response to allogeneic CAR-T cell treatment.



The Journal of Clinical Investigation   C O M M E N T A R Y

3J Clin Invest. 2025;135(8):e189513  https://doi.org/10.1172/JCI189513

 13. Raj D, et al. CEACAM7 is an effective target for 
CAR T-cell therapy of  pancreatic ductal adenocar-
cinoma. Clin Cancer Res. 2021;27(5):1538–1552.

 14. Uslu U, June CH. Beyond the blood: expanding 
CAR T cell therapy to solid tumors [published 
online November 12, 2024]. Nat Biotechnol. 
https://doi.org/10.1038/s41587-024-02446-2.

 15. Tachibana T, et al. Increased intratumor Val-
pha24-positive natural killer T cells: a prognostic 
factor for primary colorectal carcinomas. Clin 

Cancer Res. 2005;11(20):7322–7327.
 16. Sanber K, et al. Graft-versus-host disease risk 

after chimeric antigen receptor T-cell therapy: the 
diametric opposition of  T cells. Br J Haematol. 
2021;195(5):660–668.

 17. Pillai AB, et al. Host NKT cells can prevent graft-
versus-host disease and permit graft antitumor 
activity after bone marrow transplantation. J 

Immunol. 2007;178(10):6242–6251.
 18. Heczey A, et al. Invariant NKT cells with chime-

ric antigen receptor provide a novel platform for 
safe and effective cancer immunotherapy. Blood. 
2014;124(18):2824–2833.

 19. Casorati G, et al. Invariant natural killer T cells 
reconstitution and the control of  leukemia 
relapse in pediatric haploidentical hematopoi-
etic stem cell transplantation. Oncoimmunology. 
2012;1(3):355–357.

 20. Zhou X, et al. CAR-redirected natural killer T cells 
demonstrate superior antitumor activity to CAR-T 
cells through multimodal CD1d-dependent mech-
anisms. Nat Cancer. 2024;5(11):1607–1621.

 21. Li E, et al. PSCA promotes prostate cancer prolif-
eration and cell-cycle progression by up-regulat-
ing c-Myc. Prostate. 2017;77(16):1563–1572.

 22. Wente MN, et al. Prostate stem cell antigen is a 
putative target for immunotherapy in pancreatic 
cancer. Pancreas. 2005;31(2):119–125.

 23. Gu Z, et al. Prostate stem cell antigen (PSCA) 
expression increases with high gleason score, 
advanced stage and bone metastasis in prostate 
cancer. Oncogene. 2000;19(10):1288–1296.

 24. Saeki N, et al. Prostate stem cell antigen: a 
Jekyll and Hyde molecule? Clin Cancer Res. 
2010;16(14):3533–3538.

 25. Dai Z, et al. Off-the-shelf  invariant NKT cells 
expressing anti-PSCA CAR and IL-15 promote 
pancreatic cancer regression in mice. J Clin Invest. 
2025;135(8):e179014.

 1. BMJ Publishing Group. Pancreatic Cancer. 
https://bestpractice.bmj.com/topics/en-us/265. 
Updated November 19, 2024. Accessed March 
19, 2025.

 2. Yu B, et al. Frontiers in pancreatic cancer on bio-
markers, microenvironment, and immunothera-
py. Cancer Lett. 2025;610:217350.

 3. Tojjari A, et al. Emerging targets in gastric and 
pancreatic cancer: Focus on claudin 18.2. Cancer 

Lett. 2024;611:217362.
 4. Huang Y, et al. The safety and efficacy of  che-

motherapy combined with immunotherapy for 
pancreatic cancer: A meta-analysis. Medicine 

(Baltimore). 2021;100(29):e26673.
 5. Froeling FE, Kocher HM. Homeostatic resto-

ration of  desmoplastic stroma rather than its 
ablation slows pancreatic cancer progression. 
Gastroenterology. 2015;148(4):849–850.

 6. Fincham REA, et al. The interplay between natu-
ral killer cells and pancreatic stellate cells in pan-
creatic ductal adenocarcinoma. Cancer Commun 

(Lond). 2024;45(2):172–177.
 7. Ene-Obong A, et al. Activated pancreatic stellate 

cells sequester CD8+ T cells to reduce their infil-
tration of  the juxtatumoral compartment of  pan-
creatic ductal adenocarcinoma. Gastroenterology. 
2013;145(5):1121–1132.

 8. Delvecchio FR, et al. Pancreatic cancer chemo-
therapy is potentiated by induction of  tertiary 
lymphoid structures in mice. Cell Mol Gastroenterol 

Hepatol. 2021;12(5):1543–1565.
 9. Kocher HM, et al. Phase I clinical trial repur-

posing all-trans retinoic acid as a stromal target-
ing agent for pancreatic cancer. Nat Commun. 
2020;11(1):4841.

 10. Goulart MR, et al. Pentraxin 3 is a stromal-
ly-derived biomarker for detection of  pancre-
atic ductal adenocarcinoma. NPJ Precis Oncol. 
2021;5(1):61.

 11. Kocher HM, et al. Study protocol: multi-centre, 
randomised controlled clinical trial exploring 
stromal targeting in locally advanced pan-
creatic cancer; STARPAC2. BMC Cancer. 
2025;25(1):106.

 12. Van Cutsem E, et al. Randomized phase III trial 
of  pegvorhyaluronidase alfa with nab-paclitaxel 
plus gemcitabine for patients with hyaluro-
nan-high metastatic pancreatic adenocarcinoma. 
J Clin Oncol. 2020;38(27):3185–3194.

since PDAC TME may alter, if  not hinder, 
trafficking of  immune cells. Furthermore, 
although PSCA has been suggested as a 
biomarker for PDAC, the authors note that 
PDAC cell lines exhibit variable expression 
of  PSCA, with Capan-1, MIA-PaCa2, and 
Aspc-1 cells demonstrating high PSCA 
expression, while Panc-1 and BxPC3 were 
classified as PSCA–. With only 30%–60% 
of  patients expressing PSCA, the clinical 
application of  this therapy may be limit-
ed. Nevertheless, Dai et al. (25) provide 
crucial insight into an exciting therapeutic 
for the treatment of  PDAC. With striking 
response rates observed in all models test-
ed, and with 100% survival at day 80 being 
reported, the remarkable efficacy of  PSCA 
CAR_sIL15 iNKT cells is compelling. Dai 
et al. (25) provide a firm foundation from 
which to further explore and validate this 
cellular therapy in additional preclinical 
models. If  these results are replicated, an 
exciting clinical trial will be on the horizon.
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