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Lung Cancer Statistics

Siegel et al., CA: A Cancer Journal for Clinicians, 2017

• Lung cancer is the second most common cancer in the USA, 
with ~200,000 new cases annually.
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Lung cancer is the second most common cancer in the USA, with ~200,000 new cases, and ~155,000 deaths annually (Siegel et al., 2014, CA Cancer J Clin). 
Lung cancer leads to more deaths than colon, breast, and prostate cancer combined (Cancer Treatment & Survivorship Facts & Figures 2014-2015).
Lung cancer is commonly diagnosed at stage III or IV, where the 5-year survival rate is 5% and 1% (Subramanian et al., 2007, J Thorac Oncol, Cancer Treatment & Survivorship Facts & Figures 2014-2015). 




The Biology of Lung Cancer

• Understanding histology 
and molecular landscape 
of NSCLC provides basis 
for treatment decisions.  

Modified from Hirsch et al., The Lancet, 2016
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Rationale for Targeting 
Specific Driving Mutations

Wu, Int. J. Mol. Sci. 2012
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EGFR TKIs Show More Benefit in 
EGFR Mutant Patients 
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Issues of Specific TKIs

• Only patients who harbor the specific mutations 
can benefit from TKIs. (He et al., Med Sci Monit. 2016)

• Resistance to TKIs often occur, leading to relapse. 
(Reviewed in Neel, Nature, 2017)  

• 70% of patients who harbor EGFR mutations will have a prolonged PFS of 
about one year, then gain resistance and relapse. 
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Immunotherapy Can Reverse 
Tumor Immune Escape

Sharma et al., NRC, 2011
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Blocking CTLA-4 is Therapeutically 
Efficacious in Melanoma

• The CTLA-4 blocking antibody was FDA approved for 
treatment of metastatic melanoma in 2011.

Hodi et al., NEJM, 2010

(27.8 months vs 17.2 months, 
hazard ratio 0.68, p<0.001).

Ipi
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Patients
Patients with stage IIIB or IV squamous-cell NSCLC who had disease recurrence after one prior platinum-containing regimen were eligible for participation in the study. Eligible patients were 18 years of age or older, had an Eastern Cooperative Oncology Group (ECOG) performance-status score of 0 or 1 (on a scale from 0 to 5, with higher scores indicating greater disability; a score of 0 indicates no symptoms, and 1 mild symptoms), and had submitted a pretreatment tumor-tissue specimen for biomarker analyses. Patients with treated, stable brain metastases were eligible. Key exclusion criteria were autoimmune disease, symptomatic interstitial lung disease, systemic immunosuppression, prior therapy with T-cell costimulation or checkpoint-targeted agents, or prior docetaxel therapy. Patients who had received more than one prior systemic therapy for metastatic disease were excluded. Prior maintenance therapy, including an epidermal growth factor receptor tyrosine kinase inhibitor, was allowed. The complete eligibility criteria are provided in the study protocol, available with the full text of this article at NEJM.org.
er-oncogenes-and-resistance-of-NSCLC-to-kinase-inhibitors-The-pie-chart

In survival analysis, the hazard ratio (HR) is the ratio of thehazard rates corresponding to the conditions described by two levels of an explanatory variable. For example, in a drug study, the treated population may die at twice the rate per unit time as the control population.

A hazard ratio of one means that there is no difference in survival between the two groups. A hazard ratio of greater than one or less than one means that survival was better in one of the groups.



Blocking PD-1 is Therapeutically 
Efficacious in Lung Cancer

Brahmer et al., NEJM, 2015

• PD-1 blocking 
antibody, 
Nivolumab was 
FDA approved 
for treatment of 
advanced lung 
cancer in 2015.

Nivo

Docetaxel
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A hazard ratio of one means that there is no difference in survival between the two groups. A hazard ratio of greater than one or less than one means that survival was better in one of the groups.



Patients Treated with Both Specific TKIs and 
Immunotherapy Do Relapse

• There is an unmet need of alternative therapies for
patients who relapse from initially beneficial drugs.

 New Targets
 Combination Therapies 
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HHLA2 is a Recently Discovered
T-cell Co-inhibitory Molecule 

Zhao et al., 2013, PNAS

T-cells from PBMCs cultured with
an HHLA2 peptide led to lower
proliferation of both CD4 and
CD8 T-cells compared to the
control peptide.

Janakarim et al., 2015, CCR
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HHLA2 Is Expressed in 
Many Different Cancers

Janakiram et al., 2015, CCR
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HHLA2 is Associated with Poor Survival 
and Metastasis in Osteosarcoma

Koirala, 2016, Sci Rep

• A high expression level compared to a low
expression level of HHLA2 is associated with a
lower rate of survival in osteosarcoma.

• A higher expression rate of HHLA2 is also
associated with metastasis in osteosarcoma.



HHLA2 is Widely Expressed 
in Lung Cancer

Cheng et al, 2017, CCR
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Central Hypothesis
Targeting HHLA2 in NSCLCs will be
effective for killing cancer cells
through a cytotoxic T-cell mediated
mechanism of action.



Specific Aims
Aim 1: Analyze the role of HHLA2 on T-
cells within the tumor microenvironment. 

Aim 2: Determine the therapeutic efficacy
of targeting HHLA2 in NSCLC.



Specific Aim 1
Analyze the role of HHLA2 on T-cells within the 
tumor microenvironment. 

1. Analyze the T-cells of the TME in NSCLC based on
HHLA2 expression.

2. Examine the changes of T-cell sub-populations when
HHLA2 is blocked within the TME.

3. Investigate the activation of tumor infiltrating
lymphocytes (TILs) or splenocytes of HHLA2
expressing NSCLC bearing mice.



Specific Aim 2
Determine the therapeutic efficacy of targeting
HHLA2 in NSCLC.

1. Test the therapeutic effect of a blocking HHLA2 in
NSCLC.

2. Investigate the therapeutic effect of targeting HHLA2
and PD-L1 in vivo.

3. Inspect therapeutic effectiveness of blocking EGFR
and HHLA2 in EGFR mutant NSCLC in vivo.



Human Lung Cancer Models
• NSCLC tumor biopsies will be collected from

the MD Anderson Department of Thoracic
Head and Neck Medical Oncology.

• The Biopsy will be split into three portions
1. IHC of HHLA2
2. Flow cytometry of fresh biopsy to analyze T-cell

subpopulations of the TME
3. Development of lung cancer cell lines and

matched T-cells



Aim 1.1: Analyze the T-cells of the TME in 
NSCLC based on HHLA2 expression.

• Materials: Lung Cancer Biopsies
Human NSCLC Cells and Matched T-Cells

• Methods:
HHLA2 

Expression: 
IHC and Flow 

Cytometry 

Analysis of T-cell 
Subpopulations:
Flow Cytometry 

Common T-Cell Markers
⋅ CD45     ⋅CD3 ⋅ CD4 or ⋅ CD8

Exhausted T-
Cells
•PD-1
•TIM3

•LAG-3

Proliferative and 
Active T-Cells

•Ki67
•Granzyme B

•CD38

Regulatory T-
Cells
•CD25
•FoxP3



Aim 1.1: Expected Results 
H

H
LA

2

Score 1 Score 2 Score 3 Score 4

No Expression
0%

Low
1-15%

Intermediate
16-30%

High
30%+

Acquired from Chiou et al., Scientific Reports, 2017



Aim 1.1 : Expected Results 
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Aim 1.2: Examine the changes of T-cell sub-
populations when HHLA2 is blocked within the TME.

• Model: Human NSCLC Cells and Matched T-Cells

• Method: Genetically Modify NSCLC cell lines

Control HHLA2 
Knock-Out
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Analysis of T-Cell 
Subpopulations:
Flow Cytometry: 

CFSE and Markers of 
Ki67,Granzyme B, 
CD38, PD-1, TIM3, 

LAG-3, CTLA-4, 
CD25, and FoxP3
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Aim 1.2: Expected Results 



Aim 1.3: Investigate the activation of tumor 
infiltrating lymphocytes (TILs) or splenocytes of 

NSCLC bearing mice. 



In Vivo Model
• HHLA2 is expressed in humans, but not in mice.
• Humanized NSG mice

Developed NSCLC Cell Lines
HHLA2 Expression
Non High

Modified from the Jackson Laboratory



Aim 1.3: Investigate the activation of tumor 
infiltrating lymphocytes (TILs) or splenocytes of 

NSCLC bearing mice. 

+
ELISA

1.IFN𝛾𝛾 2. IL-2

• Model: Humanized NSCLC Mouse Model
• Method: Co-Culture Experiments

Developed NSCLC Cell Lines
HHLA2 Expression

Non High

In Vivo Collection: 
Splenocytes or TILs 

Developed NSCLC Cell Lines
HHLA2 Expression

Non High

Target Cells



Aim 1.3: Expected Results
• The highest levels of IFN𝛾𝛾 and IL-2 will be in the cells

co-cultured with TILs or splenocytes from the mice
implanted with the non-HHLA2 expressing cells.



Aim 1: Potential Pitfalls and Alternatives

● T-cell inactivation might be employed by PD-
L1/PD-1 or CD80/CD86/CTLA-4 signaling, and
cause HHLA2 inactivation of T-cells to be
unrecognized.
● PD-L1, PD-1, and CTLA-4 expression and function will be sought out as

necessary.
● Genetic or therapeutic blockage of PD-L1, PD-1, or CTLA-4 will be used.

● HHLA2 might be a silenced immune evasion
mechanism.
● Resistance models will be sought out.



Aim 2.1: Test the therapeutic effect of a blocking 
HHLA2 in NSCLC.

• Model: Human NSCLC Cells and Matched T-Cells

• Methods:
Measure Cell Growth: 

CyQUANT Assay

Apoptosis: Annexin Assay
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In Vivo Model
• HHLA2 is expressed in humans, but not in mice.
• Humanized NSG mice

Developed NSCLC Cell Lines
HHLA2 Expression

Non Intermediate High

Control Antibody HHLA2 Blocking 
Antibody

Modified from the Jackson Laboratory

1. Orthotopic

2. Subcutaneous 
(Flank)

Implantation Locations



Aim 2.1: Expected Results

• I hypothesize that the HHLA high expressing cancer
cells cultured with the HHLA2 blocking antibody will
undergo less proliferation and more cell death
compared to the control Ig group.



Aim 2.1: Expected Results
• I hypothesize that the HHLA2 blocking antibody will

extend survival and yield long-term survivors.



Aim 2.1: Expected Results
• I hypothesize that the HHLA2 blocking antibody will

slow down tumor growth.



Aim 2.2: Investigate the therapeutic effect of 
targeting HHLA2 and PD-L1 in vivo. 

• Model: Humanized NSG Mouse Model 

• Methods: Survival Experiments and Tumor Measurements

1. Orthotopic 2. Subcutaneous 
(Flank)

Implantation Locations

Developed NSCLC Cell Lines (PD-L1 +)
HHLA2 Expression

Non Intermediate High

Control Antibody HHLA2 Blocking 
Antibody

PD-L1 Blocking
Antibody

Combo



Aim 2.2: Expected Results
• I hypothesize that targeting both HHLA2 and PD-L1 in an HHLA2-

overexpressing NSCLC model will extend the survival and yield
long-term survivors compared to other treated groups.

. 



Aim 2.2: Expected Results
• I hypothesize that targeting both HHLA2 and PD-L1 in an HHLA2-

overexpressing NSCLC model will delay growth of the tumor
compared to other treated groups.



Aim 2.3: Inspect therapeutic effect of blocking EGFR 
and HHLA2 in EGFR mutant NSCLC in vivo. 

• Model: Humanized Lung Cancer Mouse Model 

• Methods: Survival Experiments and Tumor Measurements

1. Orthotopic 2. Subcutaneous 
(Flank)

Implantation Locations

Developed NSCLC Cell Lines (HHLA2+ and PD-L1+)
EGFR Status

WT Mutant

Control Antibody HHLA2 Blocking 
Antibody

EGFR TKI Combo



Aim 2.3: Expected Results 
• I hypothesize that treatment using an EGFR TKI and an HHLA2

blocking antibody in a EGFR mutant NSCLC model will extend the
survival of the mice compared to the other treatment groups based
on the theory that HHLA2 is highly expressed on EGFR mutant cells
for tumor evasion.

Survival of  NSCLC Bearing Hu-NSG Mice
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Aim 2.3: Expected Results 
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Aim 2.3 Extension: Inspect therapeutic effect of blocking 
EGFR, PD-L1, and HHLA2 in EGFR mutant NSCLC in vivo. 

• Model: Orthotopic Lung Cancer Mouse Model 

• Methods: Survival Experiments and Tumor Measurements

1. OrthotopicImplantation Locations

Developed NSCLC Cell Lines (HHLA2+ and PD-L1+)
EGFR Expression

WT Mutant

Control Antibody
HHLA2 Blocking 

Antibody
EGFR TKI ComboPD-L1 Blocking 

Antibody



Aim 2.3 Extension: Expected Results 

Survival of  EGFR Mutant/PD-L1+/HHLA2+ 
NSCLC Bearing Hu-NSG Mice
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Aim 2: Potential Pitfalls and Alternatives

• Genetic variability might be seen within the PDX
models.
• Use of the genetically modified models of Aim 1.2 will

be utilized instead.

• HHLA2 activation might arise in response to anti-
PD-L1 or anti-EGFR treatment.
• Anti-PD-L1 or anti-EGFR resistant models will be

developed.
• Sequential treatment of anti-PD-L1 or anti-EGFR

followed by anti-HHLA2 will be utilized.



Alternative Strategies

• Explore other aspects of the TME.
• MDSCs, B-Cells, NK Cells

• Block other members of the B7 family, B7x or B7-
H3, in NSCLC.



Conclusions

• HHLA2 is a recently discovered member of the B7
family of T-cell inhibitory molecules.

• HHLA2 is widely expressed in NSCLC, and may
provide a novel therapeutic immuno-target.

• Successful results from targeting HHLA2 in NSCLC
immunocompetent mouse models may lead to
clinical trials and exploration of HHLA2 in other
cancers.



Thank You!



HEMATOPOIESIS



Development of lung cancer cell 
lines and matched T-cells

Biopsy

Lung Cancer 
Patient

Plate 
Fragments

TIL

TIL Enrichment: 
Culture with IL-2

Common T-Cell Markers:  CD45, CD3, CD8 or CD4

Proliferative and 
Active T-Cells

• Ki67
• Granzyme B

• CD38

Regulatory T-Cells
• CD25
• FoxP3

Exhausted T-Cells
• PD-1
• TIM3
• LAG3



The Human Lung Cancer Model:
Cancer Cells with Matched T-Cells 

Matched T-Cells

Lung Cancer Cells 



Rapid Expansion



central part of lung in one of main airways
Smoker
Symptoms like cough, pain, blood in sputum, 

Glandular
Bronchioles
Non-Smoker

Bronchi
Center of Chest
Neuroendocine
Smoker
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Lung Cancer Treatment Algorithm

Melosky, Frontiers in Oncology, 2017
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Pharmacology and mechanism of action of pemetrexed. Pemetrexed is a novel multitargeted antifolate that inhibits > or = 3 enzymes involved in folate metabolism and purine and pyrimidine synthesis. These enzymes are thymidylate synthase, dihydrofolate reductase, and glycinamide ribonucleotide formyltransferase.

pembro=pd-1 ab
nivo=pd-1
atezo=pd-l1 

Docetaxel is a clinically well established anti-mitotic chemotherapy medication used mainly for the treatment of breast, ovarian, and non-small cell lung cancer. Docetaxel binds to microtubules reversibly with high affinity and has a maximum stoichiometry of one mole docetaxel per mole tubulin in microtubules.

In fact, among never-smokers, the survival seen in early-phase trial data with pembrolizumab in those with tumors having at least 50% PD-L1 positivity is about the same as that in counterparts with less than 1% positivity.5 “So in the never-smokers, PD-L1 expression tends not to be a very good biomarker of predictive benefit,” Dr. Popat maintained.



Lung Cancer Treatment Algorithm

Melosky, Frontiers in Oncology, 2017
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HHLA2 Signaling

Janakiram, Oncoimmunology, 2015
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Xiao and Freeman, 2015, AACR
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A Putative Receptor Exists for HHLA2
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Clonal Expansion of Cancer
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Hallmarks of Cancer
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Cancer Cell Signaling
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T-Cell Signal Transduction
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APOPTOSIS

BH3 interacting-domain death agonist
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Invasion Metastasis Cascade 
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Cancer Cell Metabolism
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Cancer Cell Metabolism
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Jak/Stat Signalling
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EGFR Signaling
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Src Signaling

Src Faminly kinase
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IHC
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CRISPR/Cas9
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Immunotherapy for NSCLC
•Atezolizumab (aPD-L1), 2016 approval

•metastatic NSCLC that has progressed during or after 
first-line chemotherapy with a platinum-based drug.
• 12.6 vs. 9.7 (docetaxel) 
•Side effects were less frequent 

•Pembrolizumab (aPD-L1), 2016 approval 
•the first-line treatment in PD-L1 expressing metastatic 
NSCLC
• second-line treatment of metastatic NSCLC (PD-L1 1%+)
• 10.4 months and 12.7 months vs. 8.5 (docetaxel group)

• Nivolumab (aPD-1,) 2015 approval 
•second-line treatment of NSCLC
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Triple Negative Breast Cancer

NSCLC
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Regulatory T-Cells

Presenter
Presentation Notes
file:///C:/Users/TNguyen36/Downloads/fonc-07-00038.pdf

Current Treatment Algorithms for Patients with Metastatic Non-Small Cell, Non-Squamous Lung Cancer Barbara Melosky* Medical Oncology, British Columbia Cancer Agency, Vancouver Centre, Vancouver, BC, Canada



Presenter
Presentation Notes
file:///C:/Users/TNguyen36/Downloads/fonc-07-00038.pdf

Current Treatment Algorithms for Patients with Metastatic Non-Small Cell, Non-Squamous Lung Cancer Barbara Melosky* Medical Oncology, British Columbia Cancer Agency, Vancouver Centre, Vancouver, BC, Canada



B-Cells
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Sandwich ELISA (enzyme-linked 
immunosorbent assay)
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LegendPLEX Cytokine Profiling
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