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ABSTRACT

Despite the advance of immunotherapy, only a small subset of patients gains long-term survival
benefit. It warrants a compelling rationale to develop immuno-PET imaging that could predict
tumor response to the immunotherapy. An increasing number of studies have shown that tumor-
specific major histocompatibility complex Il (tsMHC-I1) associates with improved responses to
targeted immunotherapy. The aim of this study was to investigate the potential of tsMHC-II protein
expression and its dynamic change upon treatment with interferon y (IFNy) as a new target for
immuno-PET to predict response to immunotherapy. Methods: Major histocompatibility complex
I (MHC-II) antibody was radiolabeled with DOTA-chelated ®*Cu to derive an MHC-11 immuno-
PET tracer. Two melanoma models models (B16SIY, B16F10), which are respondent and non-
respondent to PD1/PD-L1 checkpoint inhibitor, respectively, were used. Both tumor models were
treated with anti-PD1 and IFNy, which enabled observation of dynamic change of tsMHC-II.
Small-animal PET imaging, biodistribution and histological studies were performed to validate the
correlation of tsSMHC-II with the tumor response to the immunotherapy. Results: FACS analysis
of the two tumors supported the consensual recognition of tsSMHC-II correlated to the tumor
response to the immunotherapy. The in vivo PET imaging revealed higher basal levels of tsMHC-
Il in the responder, B16Sl1Y, than in the non-responder, B16F10. When treated with anti-PD1
antibody in animals, B16S1Y tumors displayed a sensitive increase of tsSMHC-II compared to
B16F10 tumors. In IFNy stimulation groups, the greater magnitude of tsSMHC-II was further
amplified when the IFNy signaling is activated in the B16SIY tumors, which positively upregulates
tsSMHC-I1 in the tumor immunity. Subsequent histopathological analysis supported the correlative
characteristics of tsSMHC-IlI with tumor immunity and response to cancer immunotherapy.
Conclusion: Collectively, the predictive value of tsSMHC-II immuno-PET was validated for
stratifying tumor immunotherapy responders vs. non-responders. Monitoring sensitivity of
tSMHC-I1 to IFNy stimulation may provide an effective strategy to predict the tumor response to

immunotherapy.
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GRAPHIC ABSTRACT

We describe herein a tumor-specific MHC-1I (tsSMHC-II) immuno-PET imaging to provide
predictive value of tumor response to immunotherapy. This tool may guide oncologists in the
selection of patients for immunotherapy.
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INTRODUCTION

The discovery of immune checkpoint molecules utilized by cancer cells to evade the patient’s
immune system, have spurred development of immune checkpoint inhibitors (ICI) to disrupt
inhibitory ligand-receptor interactions (1). The primary ICI molecules, cytotoxic T-lymphocyte
antigen 4, programmed cell death 1 (PD1), and programmed cell death ligand 1 (PD-L1), facilitate
a blockade strategy that unleashes antitumor T-cells to recognize and eradicate tumor cells across
multiple types of cancer. ICI-modulated immunotherapy, which is now FDA-approved for the
treatment of a broad range of tumor types, has revolutionized the cancer treatment landscape.
Unfortunately, only a small subset of patients gains long-term survival benefit from the I1CI therapy,
while a sizable number of patients do not experience a durable clinical response (2,3). The variable
success of ICI-modulated therapy provides a compelling rationale for the development of
predictive tools to identify ICI-responder vs. ICI-non-responder patients to optimize resource

utilization, improve clinical outcomes, and avoid unnecessary toxicity.

A predictive biomarker for ICI therapy is PD-L1 expression; current clinical practice relies
on excisional biopsies to sample patient tumors and test for PD-L1 (4). Since the assay requires
invasive sampling of tumor tissue and is compromised by sampling errors and tumor heterogeneity,
it is not ideal. In addition, immune checkpoint molecule expression is dynamic and can be
upregulated by host immune response and inflammatory cytokines. Given the recently emerged
reports that patients without PD-L1 expression also respond to PD1/PD-L1 axis targeted ICI

therapy (5), new biomarkers that accurately predict ICI therapy outcome are needed.

PET imaging, which permits noninvasive whole-body visualization of tumor and immune
cell characteristics, provides unique insights into the mechanisms of action, and failure, of ICI
immunotherapy (6). For instance, 8F-fluorodeoxyglucose (*®F-FDG) PET/CT scan can potentially
predict patient response to ICI therapy (7-9). Routinely used in oncology for staging and
monitoring cancer patients, ®F-FDG PET has proven useful. However, a major challenge in
delineating immunotherapy response with ®F-FDG PET is that the uptake of F-FDG can be
complicated by glucose metabolism modulators, which is not specific to immunotherapy. Another
approach is to use immuno-PET that combines PET radioisotopes with targeting antibodies (Abs)
to image immune checkpoint biomarkers. This approach enables noninvasive assessment of

immune checkpoint biomarker expression levels in both primary tumors and metastatic lesions



(6,10). The expression of immune checkpoint molecules may correlate with therapeutic response,
thereby improving patient selection for ICI therapy. The availability of ICI molecules, including
targeting antibodies, engineered fragments, or binders for PD1/PD-L1 immune checkpoint axis,
have fueled development of ICl-targeted PET tracers (4,11-13). As an additional advantage,
imaging tumor-associated immune components with the immuno-PET may offer useful

information about the patient’s tumor microenvironment (14,15).

Tumor-specific major histocompatibility complex 1l (tSMHC-I1) expression has been
reported to associate with prognosis of PD1/PD-L1 immunotherapy and major histocompatibility
complex Il (MHC-I1I) molecules are required for tumor antigen presentation. The downregulation
of MHC-I1 in numerous malignancies implicates the immune system control of cancer progression
and evolution (16,17). The expression of tsSMHC-I1I is a critical biomarker for tumor antigen
presentation in melanoma and may predict anti-PD1/PD-L1 therapy response (18). The promising
role of MHC-11 neoantigens in tumor immunity provided a compelling rationale for us to develop
an MHC-Il immuno-PET tracer that detects tsSMHC-I1 and to investigate its predictive value for
tumor response to immunotherapy. PET imaging was attempted to image MHC-11 expressed on
myeloid cells which associated with tumor microenvironment for immune response prediction (19).
We geared the effort to develop PET imaging for noninvasively assessment of tsMHC-II

expression and validate its predicative value to immune responses (14,20,21).
MATERIALS AND METHODS
DOTA Conjugation and Radiolabeling

MHC-II Ab (0.2 ml; 7 mg/mL) was added to 200 pL DOTA-NHS-Ester phosphate-
buffered saline solution (PBS) solution (0.15 mg, 0.75 mg/ml). NaOH (10 uL; 0.1M) was added
to adjust to pH 8~9. The reaction mixture was stirred in the dark at 0 °C for six hours. The crude
product was purified by PD-10 chromatography. The DOTA-MHCII fraction was collected and

used for radiolabeling. Conjugation of DOTA on MHC- ab was confirmed by mass spectrometry.

For radiolabeling, ®*Cu-Acetate (**Cu-Cu(OAc)2), %“CuCl, (185 MBq in 0.1 M HCI) was
combined with 300 pL 0.1 M ammonium acetate (pH 5.6), vortexed, and incubated for 15 min at
room temperature. DOTA-MHCII (50 pL) in PBS (200 pL) was mixed with ®*Cu- Acetate (37-74
MBq), and incubated at 30°C for 60 min. ®*Cu-DOTA-MHCII was purified by PD-10



chromatography; radiochemical yield = 55~70%. Calculated specific activity was 92.5-118.4
MBg/mg.

Murine B16 Melanoma Models

Murine B16F10 melanoma cells (American Type Culture Collection) and B16SIY cells
engineered from B16F10 to express SIYRYYGL (SIY) antigen were treated similarly, i.e.,
Dulbecco’s Modified Eagle Medium supplemented with 10% fetal bovine serum. Cells were
cultured in 5% CO> at 37 °C and used at 75% confluence.

All animal studies were approved by the Institutional Animal Care and Use Committee of
the Houston Methodist Research Institute. To generate the murine melanoma models, 1 x 10° cells
were harvested and suspended into 100 uL Matrigel diluted with 1:1 PBS, and subcutaneously
injected into the left flank of mice. Each melanoma model, B16F10 and B16S1Y, was challenged
with vehicle (Ctrl group), anti-PD1 (anti-PD1 group), and IFNy (IFNy group). Briefly, the anti-
PD1 challenged group received three consecutive intraperitoneal injections of anti-mouse PD1
antibody (120 pg per mouse) every other day after which the tumor was ~100-200 mm?. Post-anti-
PD1 treatment mice (bearing tumors ~600 mm?®) were used for PET imaging and the subsequent
biodistribution study. For IFNy stimulation, mice with tumors at ~600 mm?® were each given a
single intraperitoneal injection of 10 pg recombinant mouse IFNy at 24 h before PET imaging.
Basal level tsMHC-I1I expression in mice was based on PET images when tumors reached ~600

mm?,
Small-animal PET/CT Imaging and Biodistribution Study

Small-animal PET/CT scans were performed and analyzed using Siemens Inveon PET/CT
imaging system. Approximately 3.7 MBq *Cu-DOTA-MHCII (33 pg Ab) was intravenously
injected into tumor-bearing mice (n = 6) via the tail vein. In-line PET and CT scans were acquired
at 24 h and 48 h post injection (p.i.) and images were obtained using manufacture’s 2-dimensional
ordered-subsets expectation maximum algorithm. Two control PET imaging studies were
performed to validate the specificity of the radiotracer with the following blocking agents: (a) non-
radiolabled MHC-II antibody; and (b) non-radiolabeled rat 1gG2b isotype control. Detailed
blocking study and PET/CT image processing were described in Supplemental Materials. After

the 48 h p.i. imaging scans, mice were sacrificed to evaluate radiotracer biodistribution between



major organs. The radioactivity accumulated in each tissue was measured using 2470 Wizard?2
Automatic Gamma Counter (Perkin EImer) and calculated as radioactivity divided by tissue weight

and decay-corrected injected dose to express as %ID/g.
Histopathological, Western Blotting and Flow Cytometry Assays

Tumor tissues were collected after terminal PET/CT scans and fixed in 4%
paraformaldehyde for overnight, followed by processing, paraffin embedding, and sectioning into
4-5 um tissue sections. The sections were deparaffinized in xylene, a series of ethanol solutions,
then treated with 0.3% hydrogen peroxide for 20 min, followed by incubation in 5% horse serum
block for 10 min prior to addition of MHC-II primary antibody. Detection was performed with
HRP-conjugated respective secondary system followed by diaminobenzidine and counter staining
with  hematoxylin  solution. For immunofluorescence staining, the sections were
immunofluorescence stained with Texas Red anti-rat IgG. Images were captured using an inverted

fluorescence microscope.

Tumor tissues from a separate cohort (n = 6) were collected for western blotting of tsMHC-
Il expression. Briefly, fresh tumor samples were collected, homogenized, and lysed in 0.1 Triton
X-100 buffer. The lysed samples were electrophoresed in SDS-PAGE gels (Bio-Rad) following
protein quantification by BCA Protein Assay according to manufacturer’s protocol with equivalent
protein amounts loaded for each group. Proteins were blotted onto PVDF membranes by wet
transfer. The membranes were probed with MHC-II antibody and secondary antibody and were
developed using enhanced chemiluminescence reagent; images were acquired using the ChemiDoc

gel documentation system.

Another cohort (n = 6) was used to analyze tumors by flow cytometry. The tumor tissues
were freshly harvested and ground into small bits in 2% FBS supplemented RPMI11640 medium.
The cell suspension was filtered through a 40 um cell strainer, washed with 1% BSA supplemented
PBS, and centrifuged at 500 x g for 5 min. The cell pellet was collected and re-suspended for
subsequent antibody staining. 100 pl/tube of 10° cells suspended in 1% BSA PBS were incubated
with fluorescent mAbs specific to anti-mouse MHC-II (FITC anti-mouse MHC-I1, BioLegend,
#107606), PD-L1 (PE anti-mouse PD-L1, BioLegend, #124308), and CD-45 (APC anti-mouse
CD45, BiolLegend, #103112) at RT for 30 minutes. Tubes were washed twice with 1 mL 1% BSA



PBS and centrifuged at 500 x g for 5 minutes. The stained cell data were acquired and analyzed

using BD LSRFortessa Flow Cytometer.

Statistics

Quantitative data was expressed as mean = SD. Means were compared using the Student t
test. 95% confidence level was chosen to determine the significance between groups, and P value
of less than 0.05 was considered statistically significant.

RESULTS

We first sought to validate the correlation of tsMHC-II with its immune response in
melanomas. FACS analysis revealed the basal level and dynamic change of tsSMHC-I1 expression
in two distinct murine melanomas, B16F10 and B16SIY, low and good responder , respectively
(14,20,21). The leucocyte-associated biomarker, CD45, was used to segregate tumor cells (CD45")
from other immune cells (CD45%). CD45/MHC-II* population was considered as tsMHC-II
population. The FACS result showed a mildly higher (*P=0.0382) basal level of tSMHC-II in
immune-responder B16S1Y (46.8% * 5.1%) compared with immune-non-responder B16F10 (33.3%
+ 3.6%) (Fig. 1). Importantly, the tsMHC-II in B16SIY increased (81.6% + 9.8%) following
stimulation by the immunity activator, IFNy, which also increased tsMHC-11 in B16F10 (51.0% +
5.8%); however, the magnitude of increase was less profound than that in B16SIY. In contrast,
treatment of tumors with anti-PD1 antibody increased tsMHC-I11 over basal levels in B16F10 (48.1%
+5.4%) and B16SIY (60.9% + 6.8%). Meanwhile, tsMHC-I1 expression levels in anti-PD1-treated
remained higher in B16SIY than that in B16F10. Of note, the increase of tsSMHC-II was more
profound following IFNy stimulation vs. anti-PD1 treatment in the immunity-responding B16S1Y
tumor, whereas the difference between IFNy stimulation and anti-PD1 treatment in the immunity-
non-responding B16F10 tumor was absent. These data confirmed the positive correlation of
tsSMHC-I1 with tumor-immune response. More importantly, compared to immunity non-responder,
upregulation of tsMHC-II in immunity-responder tumors was more sensitive to immunity

perturbation, particularly, IFNy stimulation.

In addition, PD-L1 expression in tumor was analyzed in the same cohort. Both basal
expression and change of PD-L1 were similar between B16F10 and B16SIY in several ways: 1)
baseline expression of PD-L1 in B16F10 was 24.3% + 4.2% and in B16SIY, it was 29.4% + 5.6%;



2) the PD-L1 expression was similarly increased to 38.8% * 5.6% and 40.8% + 6.2% for B16F10
and B16SIY tumors, respectively; 3) notably, when stimulated with IFNy, increased PD-L1
expression in B16F10 and B16SIY correlated similarly with tsMHC-11 expression, 69.7% + 9.8%
and 74.7% £ 10.1%, respectively. However, there was no distinctive change between B16F10
tumors and B16SIY tumors, in PD-L1 expression in either baseline (P=0.34) or anti-PD1/INFy-
stimulated groups. Comparison of tsMHC and PD-L1 in B16F10 and B16SIY (Fig. 1B) reveal that
tsSMHC-I1 manifests as a sensitive correlation with tumor response to the immunotherapy, whereas
a similar correlation was not found in the assessment of PD-L1 expression in tumor. Therefore,
we reasoned that tsMHC-11 and its preferential induction by IFNy immune perturbation have better

predictive value for therapeutic inhibition of the PD1/PD-L1 axis.

To noninvasively image the tsMHC-II, murine MHC-I1 Ab was chemically modified with
DOTA chelator. After conjugation, the reaction was quenched and analyzed using mass
spectrometry to confirm chelator conjugated on MHC-I1 Ab following literature procedure (22).
Immunofluorescence staining and western blot assays revealed no significant change in the
immunoreactivity of the antibody toward the MHC-II target upon chemical conjugation (Fig.
Supplemental Figure 1-3). Afterwards, the DOTA conjugated MHC-1I1 Ab was radiolabeled with
®4Cu isotope to obtain a MHC-II immuno-PET tracer (%*Cu-DOTA-MHCII) for noninvasive in
vivo imaging of tsSMHC-11 in murine B16F10 and B16SIY tumor models. Higher baseline %Cu-
DOTA-MHCII uptake was observed in B16SIY vs. B16F10 tumors (Fig. 2). After IFNy
stimulation, ®*Cu-DOTA-MHCII uptake increased more in immune-responder B16SIY vs. non-
responder B16F10 tumors, whereas anti-PD1 treatment increased tumor uptake, with a magnitude

that was less prominent than that of IFNy.

ROI analysis of tumor uptake (Fig. 3A) confirmed the distinctive tsMHC-1I expression
pattern in the two tumor models: 1) #*Cu-DOTA-MHCII uptake was 2.75 fold higher (**P=0.0082)
in B16S1Y (1.1 £ 0.2 %ID/g) than in B16F10 tumors (0.4 £ 0.1 %ID/g) in control groups; 2)
likewise, B16SIY exhibited higher uptake of *Cu-DOTA-MHCII in tumor (1.8 + 0.3 %ID/g) than
that of B16F10 (0.7 £ 0.2 %ID/g) when treated with anti-PD1 antibody (**P=0.0035); 3) IFNy
stimulation further amplified “Cu-DOTA-MHCII uptake in B16SIY tumor (3.2 + 0.4 %ID/g),
which is 2.9 fold higher than that of B16F10 (1.1 £ 0.2 %ID/g) (***P=0.0002). By comparing the
tumor uptake of ®*Cu-DOTA-MHCII tracer in control groups with IFNy stimulated groups, the



dynamic change of tsMHC-II expression was derived. We saw that the change of tsMHC-II
induced by IFNy in B16SIY (*#P=0.0003) was greater than that in B16F10 (*P=0.034). Similar
change by anti-PD1 treatment in real time was also analyzed. However, no significant change was
observed in B16F10 (P=0.0862) and a less potent difference was observed in B16SIY (P=0.0092).

Biodistribution analysis further confirmed distinctive tumor uptake of the %4Cu-DOTA-
MHCII tracer in B16F10 and B16SIY at baseline as well as under the anti-PD1 and IFNy treated
conditions (Fig. 3B). IFNy stimulation and anti-PD1 treatment upregulated systemic MHC-II in
both tumor models (Fig. 3C and 3D). The distinctive imaging pattern of tumor uptake of the ®*Cu-
DOTA-MHCII tracer in B16F10 and B16SIY confirmed that noninvasive imaging of tsMHC-II at
baseline and IFNy-induced dynamic change may be used to distinguish immune-responder vs.

non-responder tumors.

Specificity of the tracer was thoroughly tested using additional controls (Supplemental
Figure 4-6). Blocking study using excessive non-radiolabeled MHC-II Ab showed obvious
reduction of tumor-uptake signal, which supported the specific binding of %4Cu-DOTA-MHCII
tracer in the PET imaging. In addition, blocking study with excessive non-radiolabeled 1gG was
performed, and showed no dramatic effect of the tumor uptake. It ruled out significant non-specific
uptake of the radiotracer resulting from Fc receptor. When we closely examined biodistribution
change of the radiotracer in the blocking studies, excessive blocking with non-radiolabeled MHC-
I1 Ab seemed diminished the accumulation of radiotracer in liver and spleen. But the changes were
not deemed significant within the current dataset. As for the blocking using 1gG isotype, no
significant change was observed in biodistribution of the radiotracer.

Western blot assay showed a higher tsSMHC-II expression at baseline in B16SIY vs.
B16F10 tumors in the control samples (Fig. 4A-B). Anti-PD1 treated and IFNy stimulated B16STY
vs. B16F10 tumors expressed more tsMHC-I11. Notably, the tsSMHC-I1 expression was increased
when induced by anti-PD1 treatment and IFNy stimulation and the dynamic change was
prominently higher in B16SIY tumor than in the B16F10 tumor. Similar tsMHC-II expression

pattern was also observed in the immunohistochemistry assay (Fig. 4C).

We further performed immunofluorescence staining to examine the origin of the MHC-II
positive cells. The majority of MHC-II positive cells are CD45 negative (Fig. 5A), supporting the

conclusion that different MHC-I11 expression patterns were due to tumor cells. When the quantified



MHC-I1 fluorescence was normalized by the CD45 negative cell numbers, a positive correlation
of tsMHC-I1 with the response of tumor to immunotherapy was derived, which was consistent with
the results obtained in the in vivo PET imaging as well as the FACS analyses (Fig. 5B). By
noninvasive imaging, the histopathological study supported that: 1) immune-responsive tumors
exhibit a high level of tsMHC-II expression even at baseline; 2) expression is sensitive to immune
perturbation and could be preferentially elevated by IFNy stimulation; 3) tsSMHC-Il immuno-PET
noninvasively assessed the basal tsSMHC-II as well as its dynamic change upon immunity
stimulation, which provided promising predictive value for identifying tumor responding to

immunotherapy from the non-responders.
DISCUSSION

Recent clinical studies have revealed that the specific haplotype of MHC-II, HLA-DR,
expressed on tumors represented tumor-autonomous phenotype and associated with its response
to the targeted immunotherapy (18, 23, 24). Currently, no in vivo PET imaging targeting the HLA-
DR has been reported to further validate the idea. Herein, we selected two murine melanoma
tumors with distinctive responses to immunotherapy to investigate the predictive value of tsMHC-
Il immuno-PET imaging (14,20,21). Commercially available anti-mouse MHC-II antibody was
used to target the tsSMHC-II, and its specificity was validated in the binding assays prior to the in
vivo PET imaging. Worthy noting is that specific HLA-DR immuno-PET tracer can be developed

to further translation to human studies.

Our FACS analysis showed a consistent result with the report that tsSMHC-I1I positively
correlates with tumor response to cancer immunotherapy (18,23). Furthermore, the in vivo tsMHC-
Il immuno-PET imaging clearly distinguished B16S1Y and B16F10 tumors by noninvasively
assessing tsSMHC-II. This observation was further corroborated by ex vivo histopathological
studies and biochemical assay of the tumor tissue collected from the same cohort used in the in
vivo studies. Collectively, these data support the hypothesis that tsMHC-11 expression is associated
with tumor response to immunotherapy, and that noninvasive imaging of tsMHC-II using the

immuno-PET delineates the characteristic tsMHC-11 expression.

Cells and molecules that regulate the immune system are dynamically changed upon
immune stimulation. PD-L1 is involved in the anti-PD1/PD-L1 axis blockade immunotherapy and

thereby rationalized as a biomarker to distinguish responding tumors from non-responders



(4,13,24,25). However, some tumors were identified with negligible PD-L1 expression at basal
level but preferentially induced dynamic increase of PD-L1 expression in tumor by immune
response, and thereby, may still benefit from the immunotherapy. Therefore, the sensitivity of
tSMHC-II to dynamic change in tumor immunity, specifically, raised by therapeutic anti-PD1
blockade that targets PD1/PD-L1 immunotherapy axis, was also examined in this study. Whereas
the B16SIY tumor still had a higher level of MHC-II positivity and *Cu-DOTA-MHCII PET
signal than that of B16F10 tumor, the dynamic changes stimulated by anti-PD1 treatment were not
as significant when compared to the basal levels. Tumor immunity and inflammation often involve
IFNy signaling, and IFNy preferentially induces upregulation of MHC-I1 expression on tumor cells
to promote tumor immunity (26-29). PET imaging is a useful tool for monitoring response to
tumor immunotherapy (11). So, we additionally examined the dynamic change of tsMHC-11 upon
IFNy stimulation. This comparison determined that a greater magnitude of IFNy-induced increase
of MHC-II expression on tumor cells occurred in the B16SIY tumor with the better immunity
response than that in B16F10 tumor with a lower immunity response. These findings suggest that
tSMHC-Il immuno-PET imaging could be used to monitor tSMHC-II at basal level and IFNy-
stimulated dynamic change, raising the possibility that the combined high manifestations could be

used as a reliable prospective indicator of good response to cancer immunotherapy.
CONCLUSION

In conclusion, we uncovered a correlation between tsMHC-II and tumor immunity with
response to checkpoint inhibitor immunotherapy in murine melanoma by PET. The newly
developed %“Cu-DOTA-MHCII PET tracer captured the characteristic tsMHC-11 in melanoma and
provided noninvasive imaging of dynamic tsMHC-II expression. The distinctive tsSMHC-II
immuno-PET images from immune-responder and immune-non-responder tumors revealed that
tsSMHC-I1 is a promising predictive biomarker for tumor response to cancer immunotherapy.
Monitoring tsSMHC-II at baseline and IFNy-stimulated dynamic change could be used to
effectively identify immune-responder patients from non-responders before immunotherapy to

avoid unnecessary side effects.
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KEY POINTS

QUESTION: A new immuno-PET tracer was developed to predict tumor response to

immunotherapy

PERTINENT FINDINGS: TsMHC-II and its dynamic modulation was validated to correlate
with tumor response to immunotherapy. MHC-II antibody derived immuno-PET imaging showed
in vivo assessment of tsSMHC-II and thereby provided predictive value of tumor response to the

immunotherapy.

IMPICATIONS FOR PATIENT CARE: Monitoring tSsMHC-II at baseline and IFNy-stimulated
dynamic change could be used to effectively identify immune-responder patients from non-

responders before immunotherapy to avoid unnecessary side effects.
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FIGURE 1. (A) FACS analysis of tsMHC-II and PD-L1 population in B16F10 and B16SI1Y
tumors and the population changes when treated with anti-PD1 and IFNy immunity stimulants. (B)
Summary of the FACS assay (n=6 for each cohort). Statistical analysis for MHC-I11: B16F10.Ctrl
vs. B16SIY.Ctrl (*, P=0.0382); B16F10.PD1 vs. B16SIY.PD1 (*, P=0.0158); B16F10.IFNy vs.
B16SIY.IENy (*, P=0.0112); B16F10.Ctrl vs. BI6F10.IFNy (*, P=0.0026); B16SIY.Ctrl vs.
B16SIY.IFNy (**, P=0.0001). Statistical analysis for PD-L1: B16F10.Ctrl vs. B16F10.IFNy (*#,
P=0.0001); B16SIY.Ctrl vs. B16SIY.IFNy (**, P=0.0001).
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FIGURE 2. 3D-rendered maximum intensity projection (MIP) of the PET-CT images of control,
anti-PD1 treated, and IFNy stimulated B16F10 and B16SIY tumor-bearing mice after 48-hour
injection of ##Cu-DOTA-MHCII. The circle areas indicate the tumor site.
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FIGURE 3. (A) ROI quantification of tumor accumulated 8*Cu-DOTA-MHCII in PET images
(n=6 per group). An unpaired student t test was performed to compare: B16F10.Ctrl vs.
B16SIY.Ctrl (**, P=0.0082); B16F10.PD1 vs. B16SIY.PD1 (**, P=0.0035); B16F10.IFNy vs.
B16SIY.IFNy (*** P=0.0002); B16F10.Ctrl vs. BI6F10.IFNy (¥, P=0.034); B16SIY.Ctrl vs.
B16SIY.IFNy (*#, P=0.0003); (B) Tumor uptake of %*Cu-DOTA-MHCII in 48 hours post injection
biodistribution study. An unpaired student t test was performed to compare: B16F10.Ctrl vs.
B16SIY.Ctrl (***, P=0.0002); B16F10.PD1 vs. B16SIY.PD1 (***, P=0.0003); B16F10.IFNYy vs.
B16SIY.IFNy (*** P=0.0002); B16F10.Ctrl vs. BI6F10.IFNy (*, P=0.0044); B16SIY.Ctrl vs.
B16SIY. IFNy (*#, P=0.0001); (C) Biodistribution study of ®*Cu-DOTA-MHCII in B16F10 tumor
model. (D) Biodistribution study of ®Cu-DOTA-MHCII in B16SIY tumor model. (n=6 for
biodistribution study, *P < 0.05, **P < 0.01 and ***P < 0.001 show statistical difference as

compared with Ctrl group). Gastrointestinal is abbreviated as GI.
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FIGURE 4. (A) western blot of tsMHC-I1 expression and (B) dot density quantified by ImageJ in
control, anti-PD1 treated, and IFNy treated BI6F10 and B16SIY tumors. The expression level was
normalized by GAPDH across various groups; (C) immunohistochemistry staining of MHC-II in

the tumors.
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FIGURE 5. (A) immunofluorescent staining of CD45 and MHC-II in control, anti-PD1 treated,
and IFNy treated B16F10 and B16SIY tumors and (B) fluorescence intensity quantified by ImageJ;
the fluorescence intensity was normalized by nucleus numbers that represent cell numbers, and the
ratio was plotted as natural logarithm to compare the differences across groups. Eight different
views were analyzed per sample to obtain statistics. An unpaired student t test was performed to
compare: B16F10.Ctrl vs. B16SIY.Ctrl (**, P=0.0046); B16F10.PD1 vs. B16SIY.PD1 (**,
P=0.0031); BI6F10.IFNy vs. B16STY.IFNy (***, P<0.0001). Meanwhile, the dynamic change



was also compared: B16F10.Ctrl vs. B16F10.IFNy (*¥, P=0.0024); B16SIY.Ctrl vs. B16STY. IFNy
(**, P<0.0001).
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MATERIALS AND METHODS
General

Chemical reagents and solvents were from Millipore Sigma (St. Louis, MO) and used
without further purification unless otherwise stated. DOTA was from Macrocyclics (Dallas, TX).
Water was purified using Milli-Q ultra-pure water system from Millipore (Milford, MA). All
solvents were HPLC grade from Sigma-Aldrich (St. Louis MO, USA).

Bioreagents Source

MHC-II antibody was purchased from BioXCell (#BE0108). Rat IgG2b isotype antibody
was purchased from BioXCell(#BE0090). PD1 antibody was purchased from BioXCell
(#BE0273). IFNy was purchased from Thermo Fisher Scientific (#PMC4033). Texas Red anti-rat
IgG was purchased from Thermo Fisher Scientific (#T-6392). BCA Protein Assay was obtained
from Thermo Fisher Scientific (#23227).

Blocking Studies for PET Imaging

Two control PET imaging studies were performed to validate the specificity of the radiotracer with
the following blocking agents: (a) non-radiolabled MHC-II antibody and (b) non-radiolabeled rat
IgG2b isotype control. Specifically, cohort of B16SIY tumor-bearing mice were used in the
blocking studies. Imaging, MHC-II blocking and IgG blocking were performed on three separate
cohorts (n =5 per cohort). The study was performed when tumors reached ~600 mm?. For imaging
group, approximate 3.7 MBq ®Cu-DOTA-MHCII was intravenously injected into each tumor-
bearing mouse, and in-line PET and CT scans were acquired at 48 h post injection (p.i.). For MHC-
II blocking group, 200 pg non-radiolabeled MHC-II antibody was intravenously injected into each
tumor-bearing mouse. After 30 minutes p.i. of blocking agent, approximate 3.7 MBq **Cu-DOTA-
MHCII was intravenously injected into each tumor-bearing mouse, and in-line PET and CT scans
were acquired at 48 h p.. Similarly, 200 pg non-radiolabeled IgG isotype antibody was
intravenously injected into each tumor-bearing mouse 30 minutes prior to the injection of the
radiotracer. The radiotracer dosage was similarly as approximate 3.7 MBq, and PET/CT images
were acquired at 48 p.i. PET/CT image fusion was performed with the Inveon Research Workplace.
For each PET scan, regions of interest (ROIs) were drawn over the tumor on decay-corrected

whole-body coronal images to derive tumor accumulation of the MHC-II immuno-PET imaging



agent. The radioactivity concentration (accumulation) within tumor or organs was obtained from
mean pixel values within the ROI volume and was converted to counts per milliliter per minute.
Assuming a tissue density of 1 g/ml, the counts per milliliter per minute was converted to counts
per gram per minute and then divided by the injected dose (ID) to obtain an imaging ROI-derived

percentage of the injected radioactive dose per gram of tissue (%ID/g).

MHCIIAb  MHCIIAb-DOTA

r75 75

50 50
mrcn, | 37 ~ 37 _mHci

25 25

15 15

KDa KDa

Supplemental Figure 1. Western blot of MHC-II antibody and the DOTA conjugate on protein
extracts from MHC-II positive tumor tissue. No difference was observed on the
immunoreactivity of the antibody and the DOTA conjugate.
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Supplemental Figure 2. Inmunofluorescence staining of MHC-II antibody and the DOTA
conjugate on a DC2.4 mouse dendritic cell line which typically presents antigen with high MHC-
II positivity. The staining was imaged with confocal fluorescence microscopy (A). The mean
fluorescence intensity in (A) was quantified and statistically analyzed to compare the significant
difference (B). No significant difference was observed among the antibody and its DOTA
conjugate.
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Supplemental Figure 3. MHC-II antibody immunofluorescence staining and the DOTA
conjugate on B16SIY tumor tissue slides, with known MHC-II positivity. The staining was
imaged with fluorescence microscopy (A). The mean fluorescence intensity in (A) was
quantified and statistically analyzed to compare the significant difference (B). No significant
difference was observed between the antibody and its DOTA conjugate.
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Supplemental Figure 4. Noninvasive PET-CT images of B16SIY tumor-bearing mice in the
blocking studies. Two types of blocking were performed: (a) excessive non-radiolabeled MHC-II
antibody (MHC-II Blocking); (b) excessive rat IgG2b isotype control (IgG Blocking). The
blocking agent was injected 30 minutes prior to the injection of **Cu-DOTA-MHCII radiotracer.
The PET-CT image scan was performed after 48 hours injection of the radiotracer. The blocking
imaging was compared to the imaging group with only radiotracer administrated (Imaging).
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Supplemental Figure 5. ROI quantification of tumor accumulated **Cu-DOTA-MHCII in PET
images (n = 5 per group). Three groups were analyzed and compared: imaging group with only
radiotracer administrated (Imaging); blocking study with excessive non-radiolabeled MHC-II
antibody administrated prior to injection of the radiotracer (MHC-II Blocking); blocking study
with excessive rat IgG2b isotype control administrated prior to injection the radiotracer (IgG
Blocking). An unpaired student t test was performed to compare: MHC-II Blocking vs. Imaging

(**, P=0.00126).
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Supplemental Figure 6. Biodistribution of **Cu-DOTA-MHCII in the PET blocking studies.
Three groups were analyzed and compared: imaging group with only radiotracer administrated
(Imaging); blocking study with excessive non-radiolabeled MHC-II antibody administrated prior
to injection of the radiotracer (MHC-II Blocking); blocking study with excessive rat [gG2b
isotype control administrated prior to injection the radiotracer (IgG Blocking). An unpaired
student t test was performed to compare: MHC-II Blocking vs. Imaging (*, P = 0.0283).

Gastrointestinal is abbreviated as GIL.



