
CONCLUSIONS

• The Nanoparticle-based melanoma vaccine

demonstrated the capability of inducing a

potent antigen specific human CD8+ T cell

response in HIS mice.

• Novel single-cell heatmap and PAT PCA

visualizations revealed distinct polyfunctional

cell signatures with these combinations

human cytokine secretions that drove human

CD8+ T cell response by the NP vaccine in HIS

mice.

• Polyfunctional human CD8+ T cell responses

sensitively demonstrated successful induction

of the tumor vaccine in HIS mice, which may

serve as a translational tool for more accurate

evaluation of tumor vaccine efficacy in a pre-

clinical setting.

• Single-cell multiplexed cytokine profiling is

capable of dissecting the full spectrum of

immune cell function and more accurately

assessing human CD8+ T cells induced by the

NP vaccine in HIS mice.

Background: Platform for Analyzing Highly Multiplexed, Single-Cell Secretomics

Figure 1: IsoPlexis’ highly multiplexed, single-cell cytokine profiling. The IsoPlexis platform isolates thousands

of single cells into individual chambers, each of which is pre-patterned with a complete copy of a 16-plex

antibody array. Following a 16-hour incubation period, ELISA detection is used to determine which

combinations of proteins are being secreted by each individual cell.

Background: Measuring Single-Cell Polyfunctional Strength Index (PSI)
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Figure 2: Measuring single-cell Polyfunctional Strength Index (PSI). A published IsoPlexis metric that quantifies

the overall activity of a sample. Equivalent to the product of the percentage of polyfunctional cells

(secreting two or more cytokines) in a sample and the average signal intensity of the secreted cytokines.

BACKGROUND 

METHODS

• HIS mice were vaccinated with different

formulations of NP or vehicle.

• Splenic human CD8+ T cells were isolated from

immunized and naïve HIS-CD8/NKT mice by

anti-human CD8 microbeads and stimulated

with plate-bound anti-human CD3 (10 µg/ml,

clone OKT3) and soluble anti-human CD28 (5

µg/ml, clone CD28.2) at 37C, 5% CO2 for 24
hours.

• After stimulation, cells were stained with PE-

conjugated anti-human CD8, rinsed and

resuspended with fresh RPMI media and

loaded on a single-cell IsoCode chip with

~12000 cellular microchambers each

containing the 32-plex antibody panel.

• After an additional 16-hour-on-chip-incubation

at 37C, 5% CO2, proteins secreted from ~1000

single cells were captured and analyzed by the

32-plex ELISA array categorized into different

functional groups:
• Effector: Granzyme B, IFN-γ, MIP-1α, Perforin, TNF-

α, TNF-β

• Stimulatory: GM-CSF, IL-2, IL-5, IL-7, IL-8, IL-9, IL-12,

IL-15, IL-21

• Regulatory: IL-4, IL-10, IL-13, IL-22, sCD40L,

sCD137, TGFβ1

• Inflammatory: IL-1β, IL-6, IL-17A, IL-17F, MCP-1,

MCP-4

• Chemoattractive: CCL-11, IP-10, MIP-1, RANTES

• Polyfunctional T cells (co-secretion of 2+

proteins per single cell) are an important

functional attribute of a quality human T-cell

immune response to antigen.

• Assessment of human T cell polyfunctional

responses to tumor vaccines in humanized

mice, which are reconstituted with human

immune system (HIS), provides a potentially

valuable translational tool for tumor vaccine

candidate screening and efficacy

determination pre-clinically.

• We utilized 32-plex single-cell functional

proteomics platform to profile human CD8+ T-

cells in HIS mice induced by a nanoparticle-

based melanoma vaccine (NP).

• The single-cell analysis demonstrates sensitive

detection of a strong upregulation of

polyfunctional human CD8+ T cell subsets in

NP-vaccinated HIS mice compared to controls.

• The enhanced PSI of the human CD8+ T cells

by the vaccine was driven by antitumor-

associated proteins including Granzyme B, IFN-

γ, MIP-1α, Perforin and TNF-α.

RESULTS

Establishment of HIS mice

Figure 5: Unique Single-Cell CD8+ Polyfunctional Profile of NP-vaccinated CD8+ T Cell Mouse Samples. (A)

Each significantly secreted cytokine’s contribution to the overall PSI of the samples. The enhanced PSI of

the HIS mice immunized with NP/Antigen/Ab was driven by effector proteins including Granzyme B, IFN-,

Perforin and TNF- that are associated with antitumor immunity. (B) A heatmap showing key functional

and polyfunctional groups of cytokines secreted by each group of mice. The heatmap reveals an increase

of polyfunctional cell subsets (multiple secreted cytokines) in the vaccinated mice compared to naive

mice (dashed blue boxes) and more polyfunctional groups exclusively induced by NP/Antigen/Ab

vaccine (dashed red boxes).

Figure 4: Single-Cell CD8+ polyfunctionality and PSI are upregulated in NP-vaccinated mouse group

relative to Naïve controls. (A) A robust upregulation of polyfunctional (secreting multiple cytokines) human

CD8+ T cells in HIS mice immunized with NP/Antigen/Ab was observed, compared to other groups of HIS

mice. (B) Comparing the polyfunctional strength index (PSI) induced by NP/Antigen/Ab vaccine relative to

other groups. We observed a statistically significant difference between the NP/Antigen/Ab group and

both the Naïve and Antigen groups. The enhanced PSI was predominated by effector proteins.

Figure 3: HIS mice generation and human CD8+ T cell detection. Three weeks old of NSG-β2m mice were

injected with AAV9 vectors encoding various human genes, irradiated and engrafted with CD34+ human

HSCs isolated from fetal liver samples. Human cell subsets were monitored by FACS. After HIS mice was

established, mice were vaccinated with different formulations of NP or vehicle, 10 days after the last

immunization, splenocytes were isolated from immunized and naïve HIS mice. The percentage of Melan-A

specific human CD8+ T cells was analyzed using a BD LSR II Flow Cytometer. Human CD8+ T cell response

was measured by ELISpot.
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Schematic Vaccination of HIS Mice by NP Vaccine

Figure 7: Antigen specific CD8+ T cell detection by tetramer. Splenocytes

were isolated from immunized and naïve HIS mice and incubated with

antigen peptide-loaded HLA-A*0201 tetramer, which was kindly supplied by

the NIH Tetramer Core Facility. Cell were stained with the following

antibodies to human CD45, mouse CD45, human CD3, human CD4, human

CD8 and human CD19. The percentage of Melan-A specific human CD8+ T

cells was analyzed by Flowjo software.
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PAT PCA Visualization of CD8+ T Cell Polyfunctionality of HIS Mouse Samples

Figure 6: PAT PCA Visualization of CD8+ T Cell Polyfunctionality of HIS Mouse Samples. All samples show

individual secretions of Granzyme B and Perforin. The naïve samples (blue) have no notable

polyfunctionality. The samples of Antigen group (orange) have higher polyfunctionality and show increased

levels of individual secretions of TNF- and sCD137. NP/Antigen/IgG (purple) does not have a notable

increase in polyfunctionality over the Antigen group; however, NP/Antigen/Ab (green) shows unique

secretions of a range of additional polyfunctional groups, highlighted with dashed blue circles.
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