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Abstract

The combination of pembrolizumab and chemotherapy is currently used as first-line therapy for recurrent or metastatic head
and neck squamous cell carcinoma (HNSCC) and has demonstrated survival benefit. Despite this advance, the proportion of
patients who achieve clinical responses with this standard-of-care (SOC) regimen remains relatively low. Interleukin (IL)-12 is
a highly active immunostimulatory cytokine that bridges innate and adaptive immune responses and is essential for effective
tumor control. Alum-bound murine IL-12 (mANK-101) has previously shown strong antitumor efficacy in multiple syngeneic
tumor systems, accompanied by heightened immune activation and extended local cytokine persistence. This work examines
the therapeutic potential of adding mANK-101 to SOC therapy in the MOC1 and MOC2 mouse models of HNSCC.C57BL/6
mice implanted with MOC1 or MOC2 tumors received a single intratumoral administration of mANK-101 in combination with
weekly intraperitoneal doses of cisplatin and a-programmed death 1 (PD-1) for a total duration of 3 weeks. Immune responses
in the MOCI1 model were evaluated using flow cytometry and cytokine profiling assays. Multiplex immunofluorescence
analysis was conducted to investigate treatment-induced alterations in tumor immune organization. Gene expression analyses
were performed to enable detailed characterization of macrophage subsets and effector immune cell populations. Treatment
with the triple combination of mANK-101, cisplatin, and o-PD-1 produced the most pronounced suppression of tumor
progression and the greatest frequency of tumor-free survival in both MOC1 and MOC2 models, outperforming either mANK-
101 alone or SOC therapy with cisplatin plus a-PD-1. This regimen also conferred resistance to tumor re-establishment
following rechallenge and limited the growth of non-injected distal tumors. Enhanced antitumor efficacy was associated with
increased infiltration of CD8+ T cells, augmented functional activity of both CD8+ and CD4+ T cells, and reprogramming of
tumor-associated macrophages from an M2-dominant to an M1-dominant phenotype. Sustained elevation of interferon-y levels
was identified as a central contributor to the observed antitumor effects. Additionally, mice treated with mANK-101 in
combination with cisplatin and a-PD-1 developed tertiary lymphoid structure—like immune assemblies in the peritumoral
microenvironment. These findings support the use of alum-anchored IL-12 in combination with cisplatin and o-PD-1 as a
promising therapeutic strategy for HNSCC.
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Introduction diagnosed cases each year at present and forecasts
estimating an increase to nearly 1.08 million new cases

Head and neck malignancies constitute the sixth leading  annually by 2030 [1, 2]. Roughly 90% of these tumors
cancer type globally, with approximately 890,000 newly  arise from the mucosal lining of the oral cavity, pharynx,
and larynx and are collectively classified as head and
neck squamous cell carcinoma (HNSCC) [3]. Established
risk factors for HNSCC include prior infection with
Copyright CC BY-NC-SA 4.0 oncogenic human papillomavirus (HPV) strains,
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care (SOC) consists of the programmed death 1 (PD-1)
inhibitor pembrolizumab, administered either alone or
together with platinum-based chemotherapy and 5-
fluorouracil (5-FU) [4, 5]. While this regimen has
produced durable clinical benefit, objective responses are
observed in only of patients,
underscoring the need to further optimize SOC
approaches for HNSCC.

Interleukin-12 (IL-12) is a  multifunctional
proinflammatory cytokine secreted by antigen-
presenting cells (APCs) that coordinates interactions
between innate and adaptive immune responses. 1L-12
enhances cytotoxic functions of CD8+ T cells, natural
killer (NK) cells, and natural killer T (NKT) cells, while
also promoting T helper 1 (Thl) differentiation [6].
Despite its strong immunostimulatory capacity, clinical
development of IL-12 therapies has been limited by
insufficient efficacy and dose-limiting toxicities
associated with systemic exposure [7]. Consequently,
approaches that prolong IL-12 activity while restricting
systemic toxicity are critically needed. Several tumor-
localized delivery strategies—such as intratumoral (i.t.)
administration of IL-12—encoding plasmids or messenger
RNA, as well as subcutaneous injection of IL-12-based
immunocytokines—have
activity in preclinical models [8] and acceptable safety
profiles in multiple phase I clinical trials [9—13]. Given
its accessibility and tendency toward local recurrence,
HNSCC represents a suitable indication for i.t. delivery
of emerging therapeutic agents [14], including alum-
tethered IL-12 formulations.

More recently, a novel alum-anchored IL-12 platform has
been developed to enable safe and effective cytokine
delivery [15, 16]. This construct consists of recombinant
IL-12 fused to an aluminum-binding peptide (ABP) and
co-expressed with a single kinase (Fam20C), which
mediates site-specific phosphorylation of serine residues
within the ABP. Following phosphorylation, the ABP
exhibits strong affinity for hydroxyl groups on the US
Food and Drug Administration—approved vaccine
adjuvant aluminum hydroxide (Alhydrogel), resulting in
a stable complex. Upon i.t. injection, the IL-12—
ABP/Alhydrogel formulation, termed ANK-101, forms a
localized depot that prolongs intratumoral cytokine
retention and mitigates the rapid clearance typically
observed with i.t. cytokine delivery [15, 16]. The murine
analog of ANK-101, designated mANK-101, has
demonstrated antitumor activity in both immunologically
“hot” (MC38, CT26) and “cold” (4T1, BI16F10)

about one-third

demonstrated antitumor

syngeneic tumor models [15, 16]. Prior studies have also
shown that mANK-101 can act synergistically with
immune checkpoint inhibitors to enhance tumor-free
Mechanistically, mANK-101 treatment
effector cell infiltration, amplified
proinflammatory signaling, and reshaped the tumor
microenvironment (TME) [15, 16].

In the present work, we report for the first time the
antitumor activity of mANK-101 combined with
cisplatin and a-PD-1 in HPV-negative MOC1 and MOC2
murine head and neck cancer models. Relative to
mANK-101 alone or SOC therapy consisting of cisplatin
plus a-PD-1, the combination regimen produced stronger
tumor control and extended survival. The observed

survival.
increased

antitumor effects were closely linked to enhanced CD8+
T-cell infiltration and cytotoxic function, increased
CD4+ T-cell activity, maturation of NK cells, and a shift
in tumor-associated macrophages from an M2 to an M1
phenotype within the tumor microenvironment.
Interferon (IFN)-y emerged as a central mediator of the
immune response induced by the combination therapy.
Moreover, treatment with mANK-101+cisplatin+a-PD-1
promoted the development of tertiary lymphoid structure
(TLS)-like immune aggregates in the MOCI model.
Collectively, these findings establish a preclinical
rationale for incorporating mANK-101 into first-line
SOC regimens for locoregionally relapsed HNSCC to
determine whether patient response rates and overall
benefit can be improved.

Materials and Methods

Cell lines, animals, and reagents

Parental stocks of MOC1 and MOC2 cell lines were
obtained from R. Uppaluri at Washington University (St.
Louis, Missouri, USA) and maintained under previously
reported culture conditions [17]. All cell lines were used
at low passage numbers (<20) and confirmed to be free
of Mycoplasma contamination. Wild-type C57BL/6 mice
were bred and housed at the National Institutes of Health
(Bethesda, Maryland, USA) in pathogen-free
microisolator facilities.

Murine IL-12-ABP (mIL-12-ABP), as described
previously [15], was supplied through a Cooperative
Research and Development Agreement between Ankyra
Therapeutics (Cambridge, Massachusetts, USA) and the
National Cancer Institute (Bethesda, Maryland, USA).
The mANK-101 formulation was generated by
combining 0.25 mg/mL mIL-12-ABP with 2.5 mg/mL
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Alhydrogel (InvivoGen, San Diego, California, USA) in
Tris-buffered saline (TBS) and incubating the mixture for
30 min at room temperature. Prepared complexes were
administered within 4 hours of formulation.

In vivo experiments

All animal experiments were performed under approval
of the NIH Institutional Animal Care and Use Committee
(protocol CIO-2) and adhered to ARRIVE reporting
standards [18]. On day 0, female C57BL/6 mice (8—12
weeks of age) were subcutaneously (s.c.) inoculated in
the right flank with either 5x10° MOCT cells or 1x10°
MOC2 cells combined at a 1:1 ratio with Matrigel. For
bilateral tumor studies, s.c. injections were administered
to both right and left flanks on the same day. In the
majority of experiments, mice received a single
intratumoral (i.t.) injection of mANK-101 (5pug in
20 uL) on day 10, corresponding to a mean tumor volume

of 120-200mm?.  Cisplatin was administered
intraperitoneally  (i.p.) at 5mgkg (West-Ward
Pharmaceuticals, Eatontown, New Jersey, USA),

together with 200 ug a-PD-1 antibody (Clone RMP1-14;
Bio X Cell, Lebanon, New Hampshire, USA), on days
10, 17, and 24.

For immune depletion experiments, mice were treated
i.p. with 100 pg a-CD4 (Clone GK1.5), 100 pg a-CD8
(Clone 2.43), or 100pg a-NK1.1 (Clone PK136)
antibodies on days 6, 7, and 8, followed by weekly dosing
thereafter.  Neutralization studies involved i.p.
administration of 100 pg a-IFN-y (Clone XMG1.2) or
300 ug a-CSFR1 (Clone AFS98) on days —2, 0, and +2
relative to each treatment cycle, followed by dosing three
times per week. All depletion and neutralization
antibodies were sourced from Bio X Cell (Lebanon, New
Hampshire, USA). Tumor volumes were calculated using
the formula lengthxwidth?/2. Animals were euthanized
upon reaching predefined endpoints, including tumor
length of 20 mm, tumor volume exceeding 2,000 mm?,
ulceration affecting 50% of the tumor surface, or body
weight loss greater than 20%.

Flow cytometry

Tumors were excised and processed through combined
mechanical dissociation and enzymatic digestion to
obtain single-cell suspensions. Prior to antibody staining,
Fc receptors were blocked using anti-CD16/32 antibodies
(Clone 2.4G2; BD Biosciences, Franklin Lakes, New
Jersey, USA). Cells were then stained with fluorophore-
conjugated antibodies. BioLegend (San Diego,

California, USA) antibodies included CD44-BV421
(IM7), CD4-BV605 (RM4-5), IFNy-BV785 (XMG1.2),
granzyme B-FITC (GB-11), CD38-BV421 (90), F4/80-
BV605 (BMS8), and CD206-PECy7 (C06802).
Antibodies obtained from BD Biosciences included
CD62L-BV711 (MEL-14), CD8-PerCP-Cy5.5 (53-6.7),
CD3-APC-Cy7 (17A2), CDI11b-PerCP-Cy5.5 (M1/70),
CD49b-PE (DXS5), CD27-PECy7 (LG3A10), CDllc-
FITC (HL3), and CD19-APC (ID3). Invitrogen
(Waltham, Massachusetts, USA) reagents included
CD45-BUV737 (30-F11), FoxP3-PE (FJK-16s), and
Ki67-PECy7 (SolA15).

Antigen-specific CD8+ T cells were identified using H-
2Kb MuLV pl5E Tetramer-KSPWFTTL-APC together
with CD8-PE (Clone KT15), both from MBL
International Corporation (Woburn, Massachusetts,
USA). Intracellular staining was conducted using the
FoxP3/transcription factor staining kit (eBioscience, San
Diego, California, USA) according to manufacturer
instructions. Nonviable cells were excluded using a
fixable live/dead blue viability dye (Thermo Fisher,
Waltham, Massachusetts, USA). Data acquisition was
performed on a BD Fortessa cytometer (BD Biosciences)
using FACSDiva software, and downstream analysis was
completed with FlowJo v10.8.2 (TreeStar, Ashland,
Oregon, USA). Gating strategies involved FSCxSSC
selection followed by FSC-AxFSC-H discrimination.
Immune populations were defined as follows: CD4+ T
cells (live/CD45+/CD3+/CD4+/CD8—/FoxP3—), CD8+
T cells (live/CD45+/CD3+/CD4—/CD8+), regulatory T
cells (live/CD45+/CD3+/CD4+/CD8—/FoxP3+), NK
cells (live/CD45+/CD3—/CD49b+), and macrophages
(live/CD45+/CD3—/CD11¢c—/CD19—/CD11b+/F4/80+).

Multiplex cytokine array

Cytokine profiling of serum and tumor samples was
performed using the LEGENDplex Mouse Inflammation
Panel (BioLegend, San Diego, California, USA)
following the manufacturer’s protocol. Serum samples
were generated from blood collected via mandibular
bleeding. Tumor supernatants were prepared by
homogenizing tissue in phosphate-buffered saline using
a gentleMACS Dissociator (Miltenyi Biotec, Bergisch
Galdbach, Germany).

H&E staining, multiplex immunofluorescence staining,
and multispectral imaging

Resected tumors were fixed in formalin and submitted to
VitroVivo Biotech (Gaithersburg, Maryland, USA) for
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paraffin embedding, sectioning, and hematoxylin and
eosin (H&E) staining. Multiplex immunofluorescence
was carried out using Opal 6-Plex Tyramine Signal
Amplification kits according to manufacturer guidelines
(Akoya Biosciences, Marlborough, Massachusetts,
USA). The staining panel consisted of DAPI, CDl1lc,
CD103, CXCL13, B220, CDI19, and CD8. Slide
preparation  steps, including  deparaffinization,
rehydration, antigen retrieval, and staining, were
automated using the BOND RX Autostainer (Leica,
Nussloch, Germany). Optimal staining conditions were
established through single-marker
immunohistochemistry and immunofluorescence prior to
multiplex application. Whole-slide imaging was
performed using the Penolmager HT scanner (Akoya
Biosciences) at 20x magnification.

Immune aggregate quantification

Immune aggregates were manually counted across entire
tumor sections based on multiplex immunofluorescence
staining. Aggregates were defined by compact clustering
of B220+CD19+ B cells, CD8+ T cells, and CD11c+
dendritic cells expressing CXCL13 and CD103. Regions
containing immune markers without clear cellular
colocalization were excluded from analysis. Aggregate
identification was validated using corresponding H&E-
stained sections.

RNA analysis

Tumors were processed via mechanical disruption and
enzymatic digestion to generate single-cell suspensions.
For each treatment group, equal numbers of viable cells
from individual tumors were pooled. CD45+ immune
cells were isolated using the Mouse CD45 Isolation Kit
(Miltenyi Biotec, Bergisch Galdbach, Germany)
following manufacturer instructions. Total RNA was
extracted using the RNeasy Mini Kit (Qiagen, Hilden,
Germany). Gene expression profiling was conducted
using the nCounter PanCancer Immune Profiling Panel
and the nCounter Mouse Myeloid Innate Immunity Gene
Expression Panel (NanoString Technologies, Seattle,
Washington, USA) at the Genomics Laboratory,
Frederick National Laboratory for Cancer Research. Data
normalization and analysis were performed with nSolver
software v4.0.70 (NanoString Technologies), using
housekeeping genes for normalization and untreated
samples as categorical references. Pathway analysis was
carried out with Ingenuity Pathway Analysis (Qiagen),
applying fold-change thresholds of —1.5 and 1.5. Relative

immune cell abundance was estimated using
ROSALIND with the NanoString Cell Type Profiling
Module.

Statistical analysis

Comparisons involving more than two groups were
performed using one-way or two-way analysis of
variance, followed by Tukey’s multiple-comparisons test
for adjustment. Survival distributions were evaluated
using the log-rank (Mantel-Cox) test. Fisher’s exact test
was employed for pathway-level analyses. Statistical
significance was defined as P <0.05. Data are presented
as mean=+ SEM. All statistical analyses and graphical
outputs were generated using GraphPad Prism version
10.2.3.

Results and Discussion

Combination treatment with mANK-101, cisplatin, and
o-PD-1 produces antitumor activity in MOC1 and MOC2
murine oral squamous cell carcinoma models
Pembrolizumab (a-PD-1) administered with platinum-
based chemotherapy (cisplatin or carboplatin) plus
fluorouracil currently represents the recommended first-
line therapy for recurrent or metastatic HNSCC [4, 5]. To
model this standard-of-care (SOC) regimen in mice,
MOCI tumor—bearing animals were treated with weekly
doses of a-PD-1 combined with cisplatin and 5-FU.
Because clinical data from locally advanced HNSCC
indicate that patients receiving carboplatin plus 5-FU
complete chemotherapy less frequently than those
receiving cisplatin due to toxicity [19], the efficacy of a-
PD-1 combined with cisplatin alone was also evaluated.
Both  cisplatinta-PD-1 (p=0.0105) and 5-
FU+cisplatinta-PD-1 (p=0.0426) induced statistically
significant but limited tumor growth suppression in the
MOCI model (Figure 1a), without detectable treatment-
related toxicity. Based on these findings, cisplatin
combined with a-PD-1 was selected as the SOC
comparator for subsequent experiments.

mANK-101 consists of a single-chain murine IL-12
molecule containing both p40 and p35 subunits, fused to
a C-terminal phosphorylated aluminum-binding peptide
(ABP) and complexed with Alhydrogel [15, 16]. Prior
work demonstrated that intratumoral delivery of mANK-
101 leads to antitumor responses across multiple
syngeneic tumor models, coinciding with prolonged
intratumoral retention of the IL-12 complex. Consistent
with these reports, mANK-101 monotherapy suppressed
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tumor growth in MC38 tumors of varying genotypes,
although efficacy declined as tumor size increased at the
time of treatment (Figure 2).

To assess whether mANK-101 could enhance SOC
efficacy in MOCI tumors, a single intratumoral dose of
mANK-101 was combined with weekly systemic
administration of cisplatin and a-PD-1 (Figure 1a).
Treatment with cisplatinta-PD-1 alone delayed tumor
progression (p<0.0001; Figure 1b) and extended
survival (p=0.0013; Figure 1d) relative to untreated
controls but failed to achieve complete tumor regression
(Figure 1c). In contrast, mANK-101 monotherapy
resulted in improved tumor control compared with
untreated mice (p<0.0001) and SOC-treated mice
(p=0.003; Figure 1b), with 2 of 10 animals remaining
tumor-free at study completion (Figure 1c¢) and
significantly prolonged survival compared with both
untreated (p<0.0001) and SOC groups (p=10.0094;
Figure 1d).

Notably, the combination of mANK-101 with cisplatin
and a-PD-1 produced the strongest therapeutic benefit,
yielding superior tumor growth inhibition relative to
untreated controls (p<0.0001), mANK-101 alone
(p=0.0194), and SOC therapy (p <0.0001; Figure 1b).
This triple-therapy regimen also generated the highest
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combined with cisplatin and a-PD-1 produced antitumor
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included 5-FU (Figures 1c and 1d), supporting the
adequacy of cisplatinto-PD-1 as SOC in the MOCI
model.

Importantly, mice rendered tumor-free by mANK-
101+cisplatinta-PD-1  therapy exhibited durable
protection against tumor relapse, with 66.6% of animals
resisting tumor regrowth following rechallenge with
5%10° MOCI cells (Figure 1e). Prior exposure to the
combination therapy also significantly extended survival
after rechallenge compared with tumor-naive mice
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Figure 1. Antitumor activity of combined mANK-101, cisplatin, and a-PD-1 treatment in murine MOC1 and
MOC?2 oral squamous cell carcinoma models.

(a—d) Female C57BL/6 mice aged 8—12 weeks (n=10 per
treatment arm) were subcutaneously inoculated in the
right flank with 5x10° MOCI1 cells on day 0. When
tumors reached an average size of approximately
200 mm?, a single intratumoral (i.t.) dose of mMANK-101
(5 ng) was administered on day 10. Concurrently, mice
received intraperitoneal (i.p.) injections of cisplatin
(5 mg/kg) and a-PD-1 antibody (200 pg) on days 10, 17,
and 24, as depicted in the treatment scheme (a). Tumor
dimensions were measured longitudinally. (b) Group-
averaged tumor growth kinetics and (c) individual tumor

trajectories are shown. Insets indicate the number of mice
achieving a tumor-free (TF) outcome at study
termination. (d) Overall survival was monitored, with
values in parentheses indicating median overall survival
(mOS).

(e—f) An independent cohort of MOC1 tumor—bearing
mice was treated using the same regimen described in (a).
On day 55, animals that remained tumor-free following
triple therapy were rechallenged with 5x10° MOCI1 cells.
Age-matched naive C57BL/6 mice served as untreated
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controls. (¢) Mean tumor growth following rechallenge
and (f) post-rechallenge survival were evaluated.

(g-h) Female C57BL/6 mice (8—12 weeks old; n=8 per
group) were implanted bilaterally with 5x10° MOCI
cells per flank and treated as outlined in (a). Serum and
primary tumor samples (n=4-5 per group) were collected
on days 15 and 22 and subjected to multiplex cytokine
profiling. Concentrations of (g) IL-12p70 and (H) IFN-y
are shown.

(i) Female C57BL/6 mice (8—12 weeks old; n=8 per
group) bearing 1x10° MOC2 tumors were treated
according to the same protocol described in (a). Tumor
burden was monitored over time, and mean tumor
volumes are presented.

Statistical analyses included two-way ANOVA with
Tukey’s post hoc correction for tumor growth, Mantel—
Cox testing for survival comparisons, and one-way
ANOVA with Tukey’s correction for intergroup
analyses. Error bars indicate SEM. *p<0.05, **p<0.01,
**%p<0.001, ****p<0.0001. Abbreviations: ANOVA,
analysis of variance; IFN, interferon; i.p., intraperitoneal;
mOS, median overall survival; ns, not significant; PD-1,
programmed death 1; TF, tumor-free.

Cytokine profiling demonstrated that the therapeutic
benefit associated with mANK-101+cisplatin+ta-PD-1
coincided with enhanced inflammatory cytokine
accumulation within the tumor microenvironment
(Figures 1g,h). IL-12  levels were
significantly increased in the triple-therapy group at day
15 (p=0.0134) and remained eclevated at day 22
(p=0.0248; Figure 1g). In contrast, circulating IL-12
showed a transient increase at day 15 (p=0.0134) before
returning to baseline by day 22 (Figure 1g). Both
mANK-101 alone  (p<0.0001) and mANK-
101+cisplatinta-PD-1 (p<0.0001) induced robust IFN-y
production in tumors at day 15 relative to untreated
controls (Figure 1h). By day 22, IFN-y levels normalized
in tumors receiving mANK-101 monotherapy, whereas
sustained elevation persisted exclusively in the triple-
combination group (p=0.0018; Figure 1h). Although
serum IFN-y increased by approximately 10-fold at day
15 following both mANK-101 monotherapy and triple
therapy, these changes were not statistically significant
(Figure 1h). Notably, only mice treated with mANK-
101+cisplatin+a-PD-1 maintained significantly elevated
serum IFN-y at day 22 (p=0.0368; Figure 1h). These data

Intratumoral

collectively indicate that the triple regimen establishes a
prolonged pro-inflammatory state within the tumor.
Because immunologically responsive tumors such as
MOC1  demonstrate  heightened sensitivity to
immunotherapy [20, 21], the efficacy of mANK-
101+cisplatinta-PD-1 was further evaluated in the
poorly immunogenic MOC2 model [20]. In this setting,
both mANK-101 monotherapy and cisplatin+a-PD-1
produced only partial suppression of tumor growth
relative to controls (p=0.003 and p=0.0263, respectively;
Figure 1i). In contrast, the triple-combination regimen
significantly inhibited tumor progression compared with
untreated animals (p<0.0001), mANK-101 alone
(p=0.0005), and cisplatinta-PD-1 (p=0.0001). Taken
together, these findings demonstrate that mANK-
101+cisplatin+a-PD-1 sustains intratumoral IL-12 and
IFN-y signaling against both
immunogenic and therapy-resistant oral squamous cell
carcinoma models.

Previous work has established that combining mANK-
101 with a-PD-1 enhances antitumor responses in
multiple murine tumor systems [15, 16]. To determine
whether dual combinations were sufficient in the MOC1
model, mANK-101 was administered together with
cisplatin - or o-PD-1. Although mANK-
101+cisplatin  significantly reduced tumor burden
compared with untreated controls (p=0.00006), its
efficacy did not exceed that of mANK-101 monotherapy
(p=0.8843; Figure 2a). Similarly, mANK-101+a-PD-1
produced strong tumor growth inhibition versus control
animals (p=0.0004), yet did not differ statistically from
mANK-101 alone (p=0.6797; Figure 2b). Consistent
with the results shown in Figure 1, the triple-
combination therapy mANK-101+cisplatinta-PD-1
provided superior tumor control relative to mANK-101
monotherapy (p=0.0393; Figure 2¢) and generated the
highest proportion of tumor-free mice (Figure 2d).
Notably, mANK-101+a-PD-1 treatment resulted in
complete tumor clearance in 4 of 11 animals, indicating
that although maximal efficacy was achieved with the
triple regimen, meaningful therapeutic benefit may also
be obtained with the dual combination. All regimens
evaluated were well tolerated, with no evidence of
treatment-associated toxicity as assessed by stable body
weight (Figure 2e).
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Figure 2. Superior tumor control achieved with mANK-101 combined with cisplatin and a-PD-1 relative to
single-agent or two-drug regimens.

Female C57BL/6 mice between 8 and 12 weeks of age
(n=11-12 per treatment arm) received subcutaneous
implantation of 5x10° MOCI1 cells into the right flank on
day 0. Therapeutic interventions followed the schedule
depicted in Figure 1la, and animals were observed

throughout the study period. (a—c) Average tumor
volume trajectories and (d) individual tumor growth
profiles are shown. Insets specify the number of animals
remaining tumor-free at study termination. (e)
Longitudinal body weight measurements were collected
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as an indicator of treatment tolerability. Tumor growth
comparisons were analyzed using two-way ANOVA
with Tukey’s multiple comparison correction. Error bars
denote SEM. *p<0.05, **p<0.01, ***p<0.001.
Abbreviations: ANOVA, analysis of variance; PD-1,
programmed death 1; TF, tumor-free.

Triple-combination therapy with mANK-101, cisplatin,
and o-PD-1 reshapes antitumor immunity

To investigate treatment-associated immunologic
remodeling within tumors, transcriptomic profiling was
performed on CD45" leukocytes isolated from tumor
tissue 5 days following initiation of therapy, using the
NanoString nCounter Mouse PanCancer 10360 Panel.
Differential expression analysis demonstrated that both
mANK-101 alone and the mANK-101+cisplatin+a-PD-
1 regimen markedly elevated transcripts linked to
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inflammatory signaling, chemotaxis, and immune
effector function, with Ifig emerging as the most strongly
induced gene in both conditions (Figure 3a). Consistent
with these findings, pathway enrichment analysis
identified activation of immune-related signaling
modules, including T-cell receptor engagement, IL-12
signaling, IFN-mediated pathways, and antigen
processing and presentation, in tumors exposed to
mANK-101 monotherapy or the triple-drug combination
(Figure 3b). Computational cell type inference further
revealed an accumulation of cytotoxic T lymphocytes
specifically in tumors treated with mANK-
101+cisplatinta-PD-1, accompanied by reduced
representation of exhausted T cells and Tregs in both
mANK-101—containing treatment groups (Figure 3c).
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Figure 3. Augmentation of immune effector responses following combined mANK-101, cisplatin, and a-PD-1
therapy.
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(a—c) Female C57BL/6 mice (8—12 weeks old; n=5-10
per group) were inoculated subcutaneously with 5x10°
MOCI cells on day 0 and treated on day 10 with mANK-
101 (5 pg, i.t.), cisplatin (5 mg/kg, i.p.), and a-PD-1
(200 pg, i.p.). On day 15, tumor-derived CD45" immune
cells were isolated and subjected to NanoString Mouse
PanCancer 10360 gene expression analysis. Heatmaps
display (a) the ten most upregulated and downregulated
transcripts in the combination therapy group relative to
untreated controls based on fold-change, (b) pathway
enrichment results summarized by z-scores, and (c)
inferred immune cell composition derived from cell type
z-score analysis.

(d—q) Flow cytometric assessment on day 15 quantified
(d) total CD4* T cells, (e) proliferative Ki67* CD4* T
cells, and (f) memory CD4" T-cell subsets. Within the
CD44+*CD4" population, functional profiling evaluated
the proportions of (g) IFN-y—producing, granzyme B-
expressing, and IFN-y*granzyme B* cells. Additional
analyses measured (h) total CD8" T cells, (i) cycling
Ki67" CD8" T cells, and (J) memory CDS8* T-cell subsets.
Functional status of CD44*CDS8" T cells was assessed by
(k) IFN-y and granzyme B expression. Tumor antigen—
specific CD8* T cells were identified using (1) pl5e
tetramer staining, while (m) FoxP3*CD4" regulatory T
cells were enumerated. Ratios of (n) CD4" T cells to
Tregs and (o) CD8* T cells to Tregs were calculated.
Innate immune populations were evaluated by measuring
(p) CD49b* NK cells and (q) mature CD11b* NK cells.
Statistical comparisons were conducted using one-way
ANOVA with Tukey’s post hoc test. Error bars indicate
SEM. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
Abbreviations: ANOVA, analysis of variance; GrzB,
granzyme B; IFN, interferon; i.p., intraperitoneal; i.t.,
intratumoral; N/A, not applicable; NK, natural killer; PD-
1, programmed death 1; Tcm, central memory T cell;
Tem, effector memory T cell; Treg, regulatory T cell.
Flow cytometric characterization of tumor-infiltrating
lymphocytes revealed no statistically significant
differences in the overall abundance of CD4" effector T
cells among treatment groups (Figure 3d). Nonetheless,
the mANK-101+cisplatinta-PD-1 regimen significantly
increased the proportion of Ki67" proliferating CD4" T
cells (p=0.0054; Figure 3e). The distribution of effector
memory (Tem; CD44'CD62L") and central memory
(Tem; CD44*CD62L*") CD4" T-cell subsets remained
largely unchanged across conditions (Figure 3f). In
contrast, functional analyses demonstrated that CD4" T
cells infiltrating tumors from mice treated with mANK-

101 alone or in combination exhibited substantially
enhanced IFN-y and granzyme B production relative to
untreated or SOC-treated animals (p<0.0001; Figure 3g).
Within the CD8* T-cell compartment, a significant
expansion was observed exclusively following mANK-
101+cisplatint+a-PD-1 administration (p=0.0021; Figure
3h), including increased frequencies of Ki67* CD8* T
cells (p=0.0016; Figure 3i) and both effector memory
and central memory CD8" subsets (p=0.0020; Figure 3j).
Further interrogation of CD44"CD8* T cells showed
elevated  IFN-y after mANK-101
monotherapy (p=0.0462) and a more pronounced
increase with the triple-combination therapy (p=0.0005).
Co-expression of IFN-y and granzyme B followed a
similar pattern (p=0.347 and p=0.007, respectively;
Figure 3k). Given that MOCI tumors express the
endogenous retroviral antigen pl5e [20], the marked
enrichment of plS5e tetramer—positive CD8" T cells
observed following mANK-101+cisplatin+a-PD-1
treatment (Figure 31) indicates induction of a tumor
antigen—specific cytotoxic T-cell response.

Within the tumor microenvironment (TME), the
suppressive regulatory T-cell (Treg) compartment was
markedly reduced following administration of mANK-
101 alone (p<0.0001) or the triple therapy combining
mANK-101, cisplatin, and a-PD-1 (p<0.0001; Figure
3m). Despite the drop in Treg numbers, this did not
translate into an improved CD4:Treg ratio (Figure 3n).
In contrast, the concurrent increase in CD8" T cells
observed with the triple combination led to a statistically
significant rise in the CD8:Treg ratio (p=0.0071; Figure
30).

Unexpectedly, NK cell frequency in the TME decreased
following both mANK-101 and triple therapy treatments
(Figure 3p). However, the proportion of mature NK
cells, defined as CD11b*CD27* and CDI11b"CD27-
subsets, increased in the triple therapy group relative to
both untreated controls (p=0.0286) and the mANK-101
monotherapy group (p=0.0236; Figure 3q).

expression

Triple therapy induces TLS-like immune clusters in
MOCI tumors

Tumor-infiltrating immune cells were analyzed 28 days
post-implantation using H&E staining and multiplex
immunofluorescence. H&E sections revealed clusters of
immune cells localized near the tumor periphery,
predominantly in animals treated with mANK-101 alone
or in combination with cisplatin and a-PD-1 (Figure 4a,
right panels). Multiplex staining indicated that these
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aggregates were primarily composed of B220*CD19* B
cells interspersed with CDI11c* dendritic cells and
encircled by CD8" T cells, including CD103* tissue-
resident memory subsets (Figure 4a, middle and right
panels). This architecture mirrors tertiary lymphoid
structures (TLSs) reported in murine and human tumors
[22, 23]. It is hypothesized that pl5e-specific CD8* T
cells identified by flow cytometry (Figure 3l) reside
within these TLS-like aggregates; this will require
validation using tetramer staining on fresh tissue sections
in future studies [24, 25].

Expression of the chemokine CXCL13, known to
facilitate the formation and maintenance of ectopic
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lymphoid structures [26, 27], was detected within the
aggregates. Quantitative assessment confirmed an
increased prevalence of TLS-like clusters in tumors
treated with mANK-101+cisplatin+a-PD-1 (Figure 4b).
Moreover, the augmented B-cell presence and immune
cluster formation coincided with higher circulating anti-
MOCI1 tumor antibody titers in the triple therapy group
(Figure S4). These findings support prior evidence that
TLSs are associated with improved immunotherapeutic
responses [28, 29].
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Figure 4. Formation of immune cell clusters in MOC1 tumors after treatment with mANK-101, cisplatin, and a-
PD-1
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Female C57BL/6 mice (8—12 weeks old; n=8—10/group)
were implanted subcutaneously with 5x10° MOCI1 cells
on the right flank on day 0 and treated following the
protocol outlined in Figure 1a. Tumors were harvested
on day 28 and processed for (a) H&E staining (left
panels) and multiplex immunofluorescence imaging
(middle and right panels). (b) The number of immune
aggregates, defined as dense clusters of B220*CD19* B
cells, CDIl1c* dendritic cells, and CD8" T cells
expressing CD103 and CXCL13, was quantified.
Statistical comparisons were conducted using one-way
ANOVA with Tukey’s post hoc analysis. Error bars
represent SEM. *p<0.05. ANOVA, analysis of variance;
DC, dendritic cell; PD-1, programmed death 1.

Antitumor activity of the triple combination relies on
IFN-y

To determine the immune components required for the
efficacy of mANK-101+cisplatinta-PD-1, targeted
depletion studies were performed. Simultaneous removal
of CD4" T cells, CD8" T cells, and NK cells strongly
impaired tumor suppression (p<0.0001; Figure 5a) and
reduced survival (p<0.0001; figure 5b). Blocking IFN-y
also significantly decreased tumor growth control
(p<0.0001; Figure Sc) and diminished the survival
benefit of the combination therapy (p=0.0001; Figure
5d). These results indicate that both effector lymphocytes
and IFN-y are essential contributors to the antitumor
response, although no single component fully accounted
for the therapy’s effect, highlighting its multifaceted
nature.
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Figure 5. Dependence of mANK-101+cisplatint+a-
PD-1 therapy on effector lymphocytes and IFN-y

Female C57BL/6 mice (8—12 weeks old; n=8—10/group)
received 5x10° MOCT cells on day 0 and were treated as
described in Figure 1a. (a—b) Antibodies for CD4 (100
pg, i.p.), CD8 (100 pg, i.p.), and NK1.1 (100 pg, i.p.)
were administered on days 6, 7, and 8, and weekly
thereafter. Tumor growth and survival were monitored;
numbers in parentheses indicate median overall survival
(mOS). (c—d) IFN-y neutralizing antibody (100 pg, i.p.)
was given 2 days before, on the day of, and 2 days after
treatment, then three times per week. Tumor growth over
time and survival were tracked. Tumor growth
comparisons were performed using two-way ANOVA
with Tukey’s post hoc test; survival was analyzed via the
Mantel-Cox test. Error bars indicate SEM. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001. ANOVA,
analysis of variance; IFN, interferon; i.p., intraperitoneal,
mOS, median overall survival; PD-1, programmed death
1.

Shift of TAMs from M2 to M1 in the TME after therapy

Most tumor-associated macrophages (TAMs) are derived
from circulating monocytes, with MCP-1 being a key
chemokine for recruitment [30, 31]. In mice receiving
mANK-101+cisplatinto-PD-1, MCP-1 concentrations
were significantly elevated in serum (p=0.003) and tumor
tissue (p=0.0007; Figure 6a). mANK-101 monotherapy
also led to a substantial increase in intratumoral MCP-1
(p<0.0001; Figure 6a). Total macrophage numbers in the
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TME remained unchanged (Figure 6b); however, both
mANK-101 alone and the triple therapy increased pro-
inflammatory M1 macrophages (CD38°CD2067; Figure

(CD38CD206*; Figure 6d; p<0.0001 vs control).
Consequently, the M1/M2 ratio improved significantly in
mANK-101 (p=0.0325) and triple therapy-treated groups

6¢) while reducing pro-tumor M2 macrophages (p=0.0013; Figure 6e).
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Figure 6. Triple treatment with mANK-101, cisplatin, and a-PD-1 drives M2-to-M1 macrophage polarization
in the tumor microenvironment

Female C57BL/6 mice (8—12 weeks old; n=8—10/group)
were injected with 5x10° MOCI cells in the right flank
on day 0. Treatments included mANK-101 (5 pg,
intratumoral), cisplatin (5 mg/kg, intraperitoneal), and o-
PD-1 (200 pg, intraperitoneal). On day 15, serum and
tumor samples were collected for the measurement of (a)
MCP-1. Flow cytometry of tumor tissue was used to
evaluate (b) total macrophages (CD11b*F4/80"), (c) M1
macrophages (CD11b"F4/80*CD38*CD2067), (d) M2
macrophages (CD11b"F4/80°CD38 CD206%), and (e) the
M1/M2 ratio.

(f) RNA sequencing of CD45" tumor-infiltrating cells
was conducted using the NanoString Myeloid Innate
Immunity Panel. Heatmaps display (f) the 10 most
upregulated and downregulated genes in the
combination-treated group versus untreated controls, and
(g) pathway enrichment z-scores.

(h) A separate cohort received the same treatment as in
Figure 1a, with CSFR1-neutralizing antibody (100 pg,
intraperitoneal) administered 2 days before treatment, on
the treatment day, and 2 days afterward, repeated three
times weekly. Survival was tracked. Statistical analyses:
one-way ANOVA with Tukey’s post hoc test for group
comparisons, Mantel-Cox test for survival. Error bars:
SEM. *p<0.05. ANOVA, analysis of variance; i.p.,
intraperitoneal; 1i.t., intratumoral; MCP, monocyte
chemoattractant protein; M1, type 1 macrophage; M2,
type 2 macrophage; PD-1, programmed death 1.

RNA data showed that genes linked to M1 macrophage
activity, such as Ifng, Cxcl9, and Cxcl10, were
upregulated in both mANK-101 alone and the triple
therapy group [32] (Figure 6f). Associated pathways,

and regulatory
signaling  and

including antigen presentation
mechanisms  like  LXR/RXR
ubiquitination/deubiquitination, were enhanced (Figure
6g). Triple therapy without macrophage depletion
achieved 100% survival, whereas combining therapy
with macrophage depletion reduced survival to 62.5%
(Figure 6h). Despite significance
(p=0.0628), this trend indicates a substantial contribution
of macrophages to therapeutic outcomes.

not reaching

Abscopal effects of mANK-101+cisplatin+a-PD-1
Previous studies indicated that intratumoral mANK-101
can induce regression of untreated distant tumors in
Ag4l10A, B16F10, and MC38 models [15, 16]. To test
this effect in combination therapy, mice with bilateral
MOCI tumors were injected with mANK-101 in the right
tumor, alongside systemic cisplatin and a-PD-1. In this
model, cisplatinta-PD-1 suppressed both tumors
(p<0.0001; Figure 7a).

In the injected tumor, mANK-101 alone or with
cisplatinto-PD-1 showed enhanced regression compared
to untreated controls (p<0.0001 for both) and SOC
(p=0.0041 and p=0.0011, respectively), but these two
regimens did not differ significantly from each other
(p=0.9834).

For the contralateral, uninjected tumor, mANK-101
alone produced effects similar to cisplatinta-PD-1
(p=0.8324). However, the triple combination
significantly reduced tumor size compared with mANK-
101 monotherapy (p=0.0089) and SOC (p=0.00006),
indicating a clear systemic, abscopal antitumor response.
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Figure 7. mANK-101+cisplatinta-PD-1 combination induces systemic antitumor effects in MOC1 tumors

Female C57BL/6 mice (8—12 weeks old; n=8/group)
were implanted bilaterally with 5x10° MOCI cells in the

right and left flanks on day 0. Treatment followed the
schematic in Figure la, with only the right tumor
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receiving an intratumoral injection of 5 pg mANK-101;
the left tumor remained untreated.

(a) Tumor sizes were tracked for both flanks. On day 15,
tumors were collected for flow cytometry to evaluate: (b)
CD8* T cells, (c) pl5e tetramer” CD8" T cells, (D) M1
macrophages (CD11b"F4/80*CD38*CD2067), and (e)
M2 macrophages (CD11b"F4/80"CD38 CD206%).

(f) In a separate cohort (n=9—10/group), mice underwent
combination therapy alongside CD8* T-cell depletion
(100 pg, i.p.) on days 6-8, then weekly. Tumor growth
on both flanks was monitored, and CD45" tumor-
infiltrating cells were isolated on day 15 for RNA
profiling using the NanoString Mouse PanCancer 10360
panel. (g) Heatmaps displaying enriched pathways in
right (injected) and left (distal) tumors were generated.
Statistical tests: tumor growth via one- or two-way
ANOVA with Tukey’s post hoc test; group comparisons
by one-way ANOVA with Tukey correction. Error bars
indicate SEM. *p<0.05, **p<0.01, ***p<0.001,
***%p<0.0001. ANOVA, analysis of variance; IFN,
interferon; i.p., intraperitoneal; M1, type 1 macrophage;
M2, type 2 macrophage; PD-1, programmed death 1.
Flow cytometry demonstrated that mANK-101
monotherapy and triple therapy increased CD8" T-cell
infiltration (Figure 7b), expanded pl5e tetramer® CDS8*
T cells (Figure 7c¢), enhanced M1 macrophage numbers
(Figure 7d), and decreased M2 macrophage frequency
(Figure 7e) in the injected tumors five days post-
treatment. In the distant, uninjected tumors, mANK-101
alone had negligible effects. However, the combination
therapy increased CD8" T-cell infiltration (p=0.0319;
Figure 7b) and M1 macrophages (p=0.0085; Figure 7d)
in distal tumors, although not to the levels observed in
injected tumors. Cisplatinta-PD-1 alone did not
significantly alter immune populations in either tumor.
To investigate CD8* T-cell involvement in the systemic
(abscopal) effect, mice receiving combination therapy
underwent CD8" T-cell depletion. In injected tumors,
CD8* T cells were not critical for tumor suppression
(Figure 7f). By contrast, depletion in distal tumors
substantially reduced the antitumor effect (p<0.0001;
Figure 7f), indicating that CD8" T cells are key
mediators of the abscopal response.

RNA pathway analysis revealed that combination
therapy activated immune-related signaling in both
injected and distal tumors (Figure 7g). Innate immune
pathways, including NODI1/2, CGAS/STING, and
classical macrophage activation, were upregulated in
both tumor sites. In injected tumors, pathways induced

by combination therapy overlapped with those stimulated
by mANK-101 alone. In distal tumors, pathway
activation differed: while IL-12 and IL-27 signaling were
moderately elevated in both monotherapy and
combination therapy, only the triple therapy promoted
the three innate immune pathways; these were
downregulated in distal tumors of the mANK-101
monotherapy group.

The KEYNOTE-048 trial established that patients with
metastatic or unresectable recurrent HNSCC experienced
improved overall when treated with
pembrolizumab, either alone or alongside chemotherapy
[4, 5]. Following these findings, pembrolizumab
monotherapy is now endorsed as the primary treatment
for PD-L1-positive HNSCC, whereas the combination of
pembrolizumab with cisplatin or carboplatin plus
fluorouracil is recommended irrespective of PD-L1
expression. While these strategies extended median
overall survival compared with cetuximab plus
chemotherapy, they did not significantly impact
progression-free survival or objective response rates.
Further subgroup analyses revealed that the benefit of
pembrolizumab, with or without chemotherapy, was
closely linked to PD-L1 levels. For patients with a PD-
L1 CPS below 1, pembrolizumab-based regimens did not
outperform cetuximab plus chemotherapy [33].
Preclinical studies indicate that mANK-101 can elevate
PD-L1 expression within tumors [16], supporting the
rationale for integrating intratumoral IL-12 with standard
SOC therapies.

Our study provides preclinical data suggesting that ANK-
101 could complement SOC chemotherapy and
pembrolizumab for R/M HNSCC, particularly in PD-L1
CPS<1 settings. In the MOC1 tumor model, combining
mANK-101 with cisplatin and a-PD-1 enhanced tumor
regression and increased the proportion of tumor-free
mice relative to mANK-101 alone or SOC cisplatin+a-
PD-1. The results also imply that evaluating ANK-101
with pembrolizumab alone may be worthwhile, as the
doublet demonstrated measurable antitumor activity in
this model. Although the current experiments utilized
HPV-negative tumors, the approach could be extended to
HPV-positive patients, since current clinical guidelines
for SOC immunotherapy in R/M HNSCC do not
differentiate by HPV status [34]. Future trials should
assess whether HPV status influences ANK-101
response rates in combination with SOC.

These findings corroborate prior work showing that
anchored mANK-101 elicits robust antitumor responses
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across various syngeneic models, whether as
monotherapy or combined with immune checkpoint
inhibitors [15, 16]. The antitumor effect is associated
with prolonged tumor retention of IL-12, which increases
the therapeutic window while minimizing systemic
toxicity. In this study, IL-12 was further maintained in
tumors for longer periods when combined with cisplatin
and o-PD-1 (Figure 1g). Serum IL-12 showed transient
elevations before returning to baseline (Figure 1g);
whether this reflects a self-amplifying feedback loop or
cytokine leakage remains unclear. Notably, no adverse
effects were observed, with body weight remaining stable
(Figure 2e).

The majority of patients with HNSCC present with
locoregional disease, and over two-thirds of relapsed
patients show locoregional recurrence [35]. Like
cutaneous tumors, newly diagnosed or recurrent mucosal
tumors are accessible to intratumoral injection [14].
Although local inflammatory reactions are possible, the
anatomical accessibility supports early-phase clinical
testing of ANK-101 in combination with SOC.

Previous studies demonstrated that mANK-101 enhances
T-cell infiltration and functional activity within tumors
[15, 16]. Phase I trials in canines with advanced oral
(cANK-101)
intratumoral immune infiltration and elevated circulating
IFN-y [36]. Consistent with these findings, the potent
antitumor effect of the mANK-101+cisplatin+a-PD-1
combination in the MOCI model correlated with
heightened CD8" T-cell infiltration and activity (Figure
3) and increased tumoral IFN-y (Figure 1h).
Interestingly, CD8" T-cell depletion alone did not
compromise therapy efficacy; a decrease in antitumor
benefit occurred only when CD4* T cells, CD8" T cells,
and NK cells were concurrently depleted, indicating a
compensatory or cooperative interaction among
lymphocyte subsets. IFN-y, produced by multiple
activated immune cells and known for its role in tumor
regression [37], emerged as a critical mediator of the
antitumor response induced by mANK-101+cisplatin+a-
PD-1, as supported by RNA, flow cytometry, and
depletion studies.

Furthermore, the combination therapy generated a
durable immune memory, protecting mice against both
tumor rechallenge and growth of distant tumors (Figures
1e and 7a). Depletion studies revealed that CD8* T cells
are crucial for the abscopal effect, although p15e-specific
T cells were not detected in distal tumors at the time point
analyzed (Figure 7). It is possible that these T cells

melanoma also revealed increased

infiltrated later, or that other T-cell populations
recognizing neoantigens contributed more prominently
in the distal site. In any case, mANK-101’s capacity to
enhance antigen presentation [15], together with PD-1—
driven T-cell activation, likely worked synergistically to
improve overall antitumor efficacy. Cisplatin may further
sensitize tumor cells to immune-mediated killing [38,
39], which could explain the stronger regression
observed in distal tumors in the triple therapy compared
with mANK-101 alone.

The TME of HNSCC is densely populated with TAM:s,
predominantly of the M2 phenotype, which promote
immunosuppression and tumor progression and correlate
with poor patient outcomes [40, 41]. Thus, the observed
repolarization of TAMs from M2 toward the
antitumorigenic =~ M1  phenotype = by  mANK-
101+cisplatin+a-PD-1 is a key therapeutic feature. MCP-
1, a chemokine driving monocyte recruitment [30, 31],
increased following combination treatment, yet total
macrophage numbers remained unchanged (Figures 6a
and 6b). The role of MCP-1 in guiding M1 versus M2
differentiation is context-dependent, influenced by
cytokine environment, tumor metabolism, and other local
factors [31, 42]. IFN-y is a critical mediator of Ml
polarization and maintenance [43, 44] and also
upregulates CXCL9 and CXCL10 (Figure 6f).
CXCL9/10 derived from macrophages are required for
effective immune checkpoint therapy [45] and likely
contribute to the enhanced antitumor activity seen with
mANK-101 plus SOC in MOCI tumors, as previously
reported in other models [16].

Another important mechanism of the mANK-
101+cisplatin+a-PD-1 response is the induction of TLS-
like immune aggregates. TLSs, defined by B cell-rich
follicles with adjacent mature DCs and T-cell zones, are
associated with effective antitumor immunity [22, 23, 28,
29]. Within these structures, DCs present tumor antigens
to T cells, promoting local priming, T-cell activation, and
memory formation [22, 23]. Previous studies indicate
that B-T cell interactions in TLSs contribute to abscopal
effects in models of intratumoral IL-12 plus CpG [46].
While TLS biology in cancer remains incompletely
understood, these aggregates likely enhance the speed
and efficiency of local immune responses and provide a
niche supporting effector cells [23]. TLS presence
correlates with better survival in several cancer types [47,
48] and improved responses to immune checkpoint
blockade [28, 29]. In HNSCC, TLS signatures are more
prevalent in HPV* patients than in HPV~ cases [49, 50].
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In this study, mANK-101 alone induced TLS-like
structures in HPV- MOCI1 tumors, and combination
therapy further augmented their formation (Figure 4).
Future studies should confirm these structures as bona
fide TLSs by detecting germinal center B cells, follicular
DCs, and high endothelial venules [50, 51]. These
observations are consistent with prior clinical data
showing intratumoral IL-12 promotes peritumoral B-cell
infiltration in HNSCC [52]. The mechanisms by which
mANK-101, cisplatin, and a-PD-1 drive TLS formation,
and potential differences between HPV* and HPV~
tumors, remain to be explored. Additionally, the role of
humoral immunity in mediating the observed antitumor
effect requires further investigation. Prior work has
linked intratumoral IL-12 plus CpG with systemic
antitumor antibodies [46]. In the current study, increased
B-cell infiltration (Figure 4) and activation of the
systemic lupus erythematosus B-cell pathway [53]
coincided with anti-MOCI antibody production in mice
receiving the triple therapy. The specificity and
contribution of these antibodies to the antitumor response
remain to be elucidated.

The ongoing ANCHOR trial, the first-in-human
evaluation of the human analog of mANK-101, will
provide data on safety, tolerability, pharmacokinetics,
and pharmacodynamics, guiding future combination
strategies with alum-tethered IL-12. In this preclinical
study, mANK-101+cisplatin+a-PD-1 therapy enhanced
tumor control, increased effector cell infiltration and
function, promoted TLS-like aggregates, and shifted
TAMs toward an M1 phenotype. Collectively, these
findings support combining alum-tethered IL-12 with
standard HNSCC therapy and indicate potential efficacy
even in patients with low PD-L1 expression.
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