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20  SHORT ABSTRACT:
21  We describe a human peripheral blood mononuclear cell (PBMC) - based humanized xenograft
22 mouse model for translational immuno-oncology research. This protocol could serve as a general
23 guideline for establishing and characterizing similar models for I-O therapy assessment.
24
25 LONG ABSTRACT:
26  The discovery and development of immuno-oncology (I-O) therapy in recent years represents a
27  milestone in the treatment of cancer. However, treatment challenges persist. Robust and
28  disease-relevant animal models are vital resources for continued preclinical research and
29  development in order to address a range of additional immune checkpoints. Here, we describe a
30 human peripheral blood mononuclear cell (PBMC) - based humanized xenograft model. BGB-
31 A317 (Tislelizumab), an investigational humanized anti-PD-1 antibody in late-stage clinical
32  development, is used as an example to discuss platform set-up, model characterization and drug
33  efficacy evaluations. These humanized mice support the growth of most human tumors tested,
34  thusallowing the assessment of I-O therapies in the context of both human immunity and human
35  cancers. Once established, our model is comparatively time- and cost-effective, and usually yield
36  highly reproducible results. We suggest that the protocol outlined in this article could serve as a
37 general guideline for establishing mouse models reconstituted with human PBMC and tumors for
38 I-Oresearch.
39
40 INTRODUCTION:
41  Immuno-oncology (I-O) is a rapidly expanding field of cancer treatment. Researchers have
42  recently started to appreciate the therapeutic potential of modulating functions of the immune
43  system to attack tumors. Immune checkpoint blockades have demonstrated encouraging
44  activities in a variety of cancer types, including melanoma, renal cell carcinoma, head and neck,
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lung, bladder and prostate cancers2. Contrary to targeted therapies that directly kill cancer cells,
I-O therapies potentiate the body’s immune system to attack tumors3.

To date, numerous relevant I-O animal models have been established. These include: 1) mouse
tumor cell lines or tumor homograft in syngeneic mice; 2) spontaneous tumors derived from
genetically engineered mouse (GEM) or carcinogen-induction; 3) chimeric GEMs with the knock-
in of human drug target(s) in a functional murine immune system; and 4) mice with reconstituted
human immunity transplanted with human cancer cells or patient-derived xenografts (PDXs).
Each of these models have obvious advantages as well as limitations, which have been described
and reviewed extensively elsewhere?.

Reconstitution of human immunity in immunodeficient mice have been growingly appreciated
as a clinically relevant approach for translational I-O research. This is usually achieved through
either 1) engraftment of adult immune cells (e.g., peripheral blood mononuclear cells (PMBC))>®,
or 2) engraftment of hematopoietic stem cells (HSC) from, for example, umbilical cord blood or
fetal liver”8. These humanized mice could support the growth of human tumors, thus allowing
the assessment of |-O therapies in the context of both human immunity and human cancers.
Despite the advantages, applications of humanized mice in I-O research were usually hindered
by several concerns, such as long model development time and considerably high cost.

Here, we describe a human PBMC-based model that could be widely applied for translational I-O
studies. This model is comparatively time- and cost-effective with high reproducibility in efficacy
studies. It has been used in-house for the evaluations of several I-O therapeutics currently under
preclinical and clinical development. BGB-A317 (Tislelizumab), an investigational humanized anti-
PD-1 antibody?® , is used as the example to discuss model development, characterization, and
possible applications for anti-tumor efficacy analyses.

PROTOCOL:

All procedures performed in studies involving human participants were in accordance with the
ethical standards of BeiGene and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. Informed consent was
obtained from all individual participants included in the study. All procedures performed in
studies involving animals were approved by the Internal Review Board at BeiGene. This protocol
has been specifically adjusted for the evaluation of BGB-A317 (Tislelizumab) in humanized
NOD/SCID mice.

1. Establishment of human PBMC-based model

1.1. Myeloablation of NOD/SCID mice using cyclophosphamide: determination of optimal
doses

1.1.1. Purchase female NOD/SCID mice (6-8 weeks).

NOTE: All mice involved in this study were female.
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1.1.2. Prepare cyclophosphamide (CP) at different doses (50, 100 and 150 mg/kg) in saline.
Prepare disulfiram (DS) in 0.8% Tween-80 in saline at 125 mg/kg.

NOTE: Different concentrations of CP were prepared to enable administration of equal volumes
of drug solution to mice getting different doses of CP.

1.1.3. Treat the animals with CP (i.p.) and DS (p.0.) once a day for 2 days. Give DS (p.o.) 2 h after
each dose of CP.

NOTE: DS decreases the urotoxicity of CP in mice, and CP combined with DS has been suggested
to have longer-lasting neutropenia than animals treated with CP alone®°. The dose regimen of CP
might need to be pre-determined prior to actual studies and was found to vary slightly between
different immunodeficient mouse strains.

1.1.4. Collect blood samples from the orbital venous sinus and transfer to EDTA-K coated tubes
on ice on day 0 (1 h before the 15t dose), day 2 (24 h after the 2"¥ dose) and day 4 (72 h after the
2" dose).

1.1.5. Examine the myeloablation effect after CP and DS treatment by FACS. Use rat anti-mouse
CD11b (M1/70), rat anti-mouse Ly6C (HK1.4, ) and rat anti-mouse Ly6G (1A8) for gating CD11b*
Ly6GPieh as neutrophils, CD11b*Ly6CMe" as monocytest12,

1.1.6. Record body weight and health conditions of the mice daily for one week. The optimal
dose of CP and DS is determined as the regimen that results in maximum depletion of neutrophils
and monocytes without causing severe toxicity to mice.

1.2. Human PBMC transplantation and tumor engraftment: model set-up

1.2.1. Isolate human PBMCs from healthy donors by density gradient centrifugation according
to the manufacturer’s instructions.

1.2.2. Pre-treat the mice with CP and DS as indicated by step 1.1.2 and 1.1.3 to increase
transplantation efficiency.

1.2.3. 20 to 24 h after the second dose of CP and DS, inject human tumor cell line such as A431
cells (ATCC, 2.5 x 108) and 5 x 10° isolated PBMCs (mixed in a total of 200 pL phosphate-buffered
saline (PBS) containing 50% Matrigel), or tumor fragments (3x3x3 mm?, in a total volume of 200
uL PBS containing 50% Matrigel) and 200 pL of 5 x 106 PBMCs (100 pL each to the left and right
side of engrafted tumor fragment) (s.c.) subcutaneously in the right flank of the animals.

1.2.4. Measure primary tumor volume and record twice a week for 4-6 weeks.

NOTE: The mice will be euthanized once their body weights lose over 20% or their tumor volume
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reaches 2000 mm?3 or the tumor is ulcerated.

1.2.5. Euthanize the mice in gas chambers with carbon dioxide. Collect the whole tumor tissues
in sacrificed mice with ophthalmic scissors and process them for histology and
immunohistochemistry (IHC) analysis. Examine the Human CD8, PD-1 and PD-L1 expressions in
these tissues. See protocol step 4.

2. PBMC donor screen

2.1.  Screen a panel of PBMC donors due to the anticipated variations resulted from PBMCs
collected from individuals. Use A431 cells co-injecting with PBMCs from different donors
according to the procedures as indicated by step 1.2.

NOTE: Over 50 healthy PBMC donors were screened in the study in order to obtain enough
number of suitable donors. Researchers who would like to adopt this protocol might decide on
their own how many healthy PBMC donors to be screened, based on the design of the planned
studies.

2.2. Monitor tumor volume twice a week by measuring with a caliper.

NOTE: Tumor growth rate may vary with PBMC from different donors.

2.3.  Collect the tumor tissues at an average volume of 200-500 mm?3 and process them for
histology and immunohistochemistry (IHC) analysis. Examine human CD8, PD-1 and PD-L1
expressions. See step 4 for detailed protocol.

2.4.  Select PBMC donors that result in moderate tumor growth (tumor volume > 200 mm?3 14
days post inoculation) and relatively high PD-1, PD-L1 and CD8 expressions (mean IHC scores >
2). See step 4 for detailed IHC scoring protocol.

3. Human cancer cell line and PDX screen

3.1. Screen cell lines and PDXs according to the procedures stated in step 1.2, to evaluate
tumor growth rate, human PD-L1 expression of the tumors and immune cell infiltrations.

NOTE: Over 30 human cancer cell lines and over 20 PDXs of different cancer types were screened
by the authors. Data of selected tumor models were shown in the results section.

4. Immunohistochemistry (IHC)
4.1. Harvest as indicated by step 1.2.5 and fix tumor tissues by immersing in formalin.

Dehydrate and embed fixed tissues in paraffin. Section the fixed tissues at 3 um and place them
on polylysine-coated slides.
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4.2. Deparaffinize in xylenes three times 7 min each. Hydrate the sections through graded
alcohols: 100% ethanol twice for 3 min each, followed by 90%, 80% and 70% ethanol in turn for
3 min each. Rinse by deionized H,0 three times and remove excess liquid from the slides.

4.3. Perform antigen retrieval by placing the slides in a container and cover with 10 mM
sodium citrate buffer (pH 6.0), or Tris-EDTA (pH 9.0). Heat the slides container by microwave for
3 min. Boil in a water bath at 95 °C for 30 min and then cool down to room temperature. Rinse
by deionized H,0 three times and aspirate excess liquid from the slides.

4.4. Block the sections by 3% bovine serum albumin in PBS for 1 h and 0.3% H;0; solution in
PBS for 10 min. Stain by antibodies against human CD8 (EP334), PD-1 (NAT105,) and PD-L1
(E1L3N) at 4 °C overnight, and HRP conjugated 2" antibodies at RT for 1 h. Drop the substrate
DAB (3,3'-diaminobenzidine) onto the slides and control the reaction time (seconds to minutes)
by monitoring the brown color from microscope.

4.5.  Cover the slides with neutral balsam after immersing the slides in 0.5% hydrochloric acid
alcohol and 0.5% ammonia water in turn for 5 s each, then in 80%, 90% and 100% ethanol in
sequence for 3 min each, and finally in xylenes using three changes for 5 min each. Detect the
antibodies by observing the brown color of DAB using microscope.

NOTE: Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by
assigning an expression score on a 5-point scale (IHC score, range 0-4) at high objective
magnification (20X, 40X). 0, absent; 1, weak intensity/ less than 20% cells; 2, weak-to-moderate
intensity/ 20%—50% cells; 3, moderate-to-strong intensity/ 50%—80% cells; 4, strong intensity/
more than 80% cells. Human PD-L1 staining within tumor cells was scored using an adjusted
scoring system on a 5-point scale (IHC score, range 0—4) because of its relatively diffused signal.
0, absent; 1, weak intensity/ less than 10% cells; 2, weak-to-moderate intensity/10%—30% cells;
3, moderate/ 30%—50% cells; 4, strong intensity/ more than 50% cells.

5. In vivo efficacy and pharmacodynamics studies in humanized PBMC-NOD/SCID
xenograft models

5.1.  Pre-treat NOD/SCID mice as indicated by step 1.1.3. In brief, treat the mice with 100
mg/kg CP (i.p.) and 125 mg/kg DS (p.o.) once a day for 2 days.

5.2. 20 to 24 h after the second dose, inject subcutaneously (s.c.) with indicated number of
human cancer cells and 2.5-5 x 10 PBMCs (a total of 200 uL cell mixture in 50% Matrigel) in the
right front flank of animals.

NOTE: The number of PBMC used for any individual mouse in one single study should be the
same. However, due to variations in the availability of total isolated PBMC at the time of each
study, the authors have chosen to use 2.5 x 108, 4 x 10°, or 5x10% PBMC at different studies.
Although this 2-fold difference in the administered amount of PBMCs might affect the degree of
humanization, the authors do not observe significant differences in evaluating anti-tumor
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efficacies of the tested immunotherapies.

5.3.  For PDXs engraftment, inject subcutaneously tumor fragments (3x3x3 mm3) in the right
front flank of animals. Inject subcutaneously 200 pL of 5 x 108 PBMCs (100 pL each side) to the
left and right of engrafted tumor fragment.

NOTE: PDX tumor tissues were administered in a Matrigel solution, same as described for the cell
line models.

5.4.  Onthe day of cell inoculation, randomly group the animals and treat as the planned study
protocol. Assess the anti-tumor activity of candidate drugs, BGB-A317 (QW, i.p.) in this case, at
the indicated doses in various tumor models.

NOTE: The three human cancer cell lines (i.e., A431 (epidemoid carcinoma), SKOV3 (ovarian
cancer) and SK-MES-1 (lung cancer)), as well as two PDX models (i.e., BCLU-054 (lung cancer) and
BCCO-028 (colon cancer)), are considered good tumor models for I-O therapy evaluation in this
humanized mouse model.

5.5.  Measure primary tumor volume twice every week, using a caliper.

NOTE: Graft-vs-host disease (GvHD)-associated clinical observations and body weights loss were
observed around 4-6 weeks post PBMC engraftment in our studies, allowing a 1-2 months
window for therapeutic efficacy evaluations.

5.6. For the pharmacodynamics analysis of tumor infiltrated immune cells, cut the tumor
tissues into small pieces and digest them with collagenase type | (1 mg/mL) and DNase | (100
ug/mL) in RPMI1640 plus 5% fetal bovine serum (FBS) for 30 min at 37 °C. Pass the digested
tissues through 40 um cell strainers to obtain single cell suspensions.

5.7.  Wash the cells and adjust cell number to a concentration of 1x10” cells/mL in ice cold
FACS Buffer (PBS, 1% FBS) in 96-well round bottom plates. Wash the cells by centrifuging and
block them by adding 20 pg/mL human IgG for 30 min, followed by staining with anti-human CD3
(HIT3a), CD8 (OKT8) and PD-1 (MIH4) antibodies at 4 °C for 30 min. Then subject the stained
samples to flow cytometry and analyze using guavaSoft 3.1.1.

REPRESENTATIVE RESULTS:

Following the procedures presented here, a PBMC-based humanized xenograft model was
successfully established. In brief, CP myeloablation effects in NOD/SCID mice was determined by
flow cytometry analysis of neutrophil and monocyte populations post CP and DS treatment
(Figure 1). 100 mg/kg CP plus 125 mg/kg DS was determined as the optimal dose and used in
later studies as the regimen results in maximum depletion of neutrophils and monocytes without
causing severe toxicity to mice. Next, human PBMC and tumor transplantation was performed.
Presence of human immune cell infiltrates in the tumor microenvironment was verified by IHC
(Figure 2).
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A panel of PBMC donors were screened in vivo to ensure relatively high immune cell infiltrations
in the tumor microenvironment and acceptable tumor growth rate (section 2, Figure 3A).
Meanwhile, over 30 human cancer cell lines as well as over 20 PDXs of different cancer types
were screened to evaluate tumor growth rate, tumor PD-L1 expression and immune cell
infiltrations (section 3). Representative results were shown in Figure 3B.

These PBMC-engrafted humanized mice were then used to examine the anti-tumor activity of
BGB-A317. Human PBMCs from selected healthy donors were co-injected with human tumor
cells (A431, SKOV3 and SK-MES-1) or primary tumor tissue fragments derived from cancer
patients (BCCO-028 and BCLU-054) subcutaneously. The mice were treated, as indicated in Figure
4, with BGB-A317 or PBS intraperitoneally once a week from the day of tumor implantation. In
all abovementioned models, BGB-A317 demonstrated significant anti-tumor activities (Figure 4).

FIGURE AND TABLE LEGENDS:

Figure 1. Myeloablation of NOD/SCID mice using cyclophosphamide (CP) and disulfiram (DS).
(A) Gating strategy used to identify myeloid cell subsets including neutrophils and monocytes.
(B) Representative results of myeloid cell (CD11b+), neutrophil (CD11b+Ly6G+) and monocyte
(CD11b+Ly6C+) numbers upon different dosages of CP treatment. The boxes represent the 75th,
50th and 25th percentile of the values. The top and bottom lines represent maximum and
minimal data points within the 1.5x 1Q (inter quarter) range, respectively. n = 3 for the vehicle
group and n = 6 for CP and/or DS treated groups.

Figure 2. Human PBMC transplantation and tumor engraftment. (A) Schematic diagram showing
the general workflow of PBMC-based humanized xenograft model. (B) Tumor growth of A431
cells upon subcutaneous co-injection with donor PBMC with the indicated conditions (data
represents mean tumor volume + SEM, n = 6). (C) IHC analysis of tumors developed in mice
treated with or without CP+DS.

Figure 3. PBMC donor and human cancer cell line screen. (A) Representative summary data from
PBMC donor screen. PBMC were mixed with A431 cells and inoculated subcutaneously in
humanized NOD/SCID mice (see step 2). Each dot represents the mean data value of 3 mice
engrafted with PBMCs from 1 donor. (B) Representative results from human cancer cell line
screen. PBMC from selected donors were co-injected with A431, SK-MES-1 or SKOV3 cells. Data
represents mean tumor volume + SEM collected from 3 mice, 14-day post inoculation of the
indicated cell lines. Mean IHC score + SEM represents the average expression of human CD8, PD-
1, and PD-L1 of all 3 mice.

Figure 4. Anti-tumor activities and pharmacodynamics analysis of BGB-A317 in PBMC-based
humanized xenograft model. The anti-tumor activity of BGB-A317 at indicated doses (i.p., QW)
was assessed using human cancer cell lines (A) A431 (with 5x108 PBMC), (C) SKOV3 (with 5x10°
PBMC), (D) SK-MES-1 (with 5x10® PBMC), and patient-derived xenografts (PDXs) (E) BCLU-054
(with 5x10% PBMC) and (F) BCCO-028 (with 5x10% PBMC). PBMC from selected healthy donors
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and corresponding tumor cells were co-injected subcutaneously into humanized NOD/SCID mice
(n =8 to 10). (B) Quantification of tumor-infiltrating hCD8+ and hCD8+hPD-1+ cells in BGB-A317
treated A431 tumors. n=8-10 animals per group in A, and C to F, n=4-6 animals per group in B;
data represents mean * SEM. The significance was evaluated using a two-tailed unpaired
Student's t-test under the assumption of unequal variance.

DISCUSSION:

Our knowledge of cancer development and progression has advanced significantly in recent
years, with focus on a comprehensive understanding of both the tumor cells and its associated
stroma. Harnessing the host immune mechanisms could induce a greater impact against cancer
cells, representing a promising treatment strategy. Murine models with intact mouse immune
systems, such as syngeneic and GEM models, have been widely used to study checkpoint-
mediated immunity. Efficacy assessments using these models depend largely on surrogate anti-
mouse target antibodies!®!4. However, inherent differences between human and murine
immune systems and the lack of some human targets in murine models limit preclinical studies
of 1-O anti-tumor effects!>16. Therefore, robust mouse models that include both human immune
cells and human tumors are urgently desired, which will significantly improve the translation and
development of novel I-O therapeutics.

Here, we describe a human PBMC-based xenograft mouse model that could potentially be widely
used for translational I-O studies. PBMC donor as well as cancer cell line/PDX screens are critical
to ensure robustness and reproducibility of in vivo efficacy studies. PBMC donors were screened
in vivo to ensure successful human tumor and immune cell engraftment. Meanwhile, over 50 cell
lines and PDXs of various human cancer origins were screened to evaluate tumor growth rate,
human PD-L1 expression, and immune cell infiltrations. Our analyses suggest that about 20% of
cancer cell lines and PDXs examined demonstrate acceptable tumor growth rate while at the
same time having relatively high TILs and PD-L1 staining, which are considered good models for
I-O efficacy evaluations.

HLA matching is routinely used in the clinic to match patients and donors for organ or marrow
transplants!’. The authors, however, have only performed limited characterization on HLA
typing, and this remains an interesting topic to be investigated in future studies. The authors
would like to note that a PBMC donor might be suitable for one cancer cell line/ PDX but not ideal
for others. Therefore, PBMC donors might need to be screened for each cancer model to ensure
optimal results.

Engraftment of human PBMC into NOD/SCID or NSG mice invariably leads to a xenogeneic graft-
vs-host disease (xGvHD), a post-transplant disorder that results from immune-mediated attack
of recipient tissue by donor T cells*®1°, Clinical observations commonly associated with xGVHD
have been observed in our humanized model, such as erythema, hunched posture, weight loss
and mortality (data not shown). These phenotypes were usually observed towards the end of our
studies, usually at 1-2 months post engraftment, indicating the propagation and infiltration of
human T cells in xGVHD target organs. This allows a 1-2 months window for therapeutic I-O
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therapy evaluations. Several approaches have been utilized to decrease mouse innate immunity
and enhance human immune cell engraftment?%?, For example, NSG mice defective in murine
MHC Class | and Class Il expression support engraftment of functional human T cells in the
absence of acute xGvHD following injection of PBMC?2.

NOD/SCID mice were used in this protocol. Mice homozygous for the SCID mutation have
impaired T and B cell lymphocyte development and the NOD background additionally results in
deficient natural killer (NK) cell function?®. Other more highly immunodeficient mice, such as the
NSG (The Jackson Laboratory), NCG (Charles River) and NOG (CIEA) strains, have been
established. When engrafted with PBMCs, these mice have been shown develop human immune
cells and form an environment that resembles the human immune system?324, Alternatively,
these mice could be engrafted with CD34+ human hematopoietic progenitor cells (HPCs) and
display more sustained T cell differentiation and maturation?>. In addition, next generation
immunodeficient mouse models with further genetic modifications have been established to
support better human myeloid lineage development and increased engraftment efficiency (refer
to the variants portfolio webpage of The Jackson Laboratory and Taconic Biosciences).

More details of using these new strains for human immunity reconstitution are pending further
investigations. Nevertheless, the protocol outlined in this article could serve as a general
guideline of establishing and characterizing immunodeficient mouse models reconstituted with
human PBMC. Three human cancer cell lines and two human patient-derived xenografts,
covering a range of cancer types, are demonstrated in this article, suggesting the potential broad
applications of our protocol in translational I-O studies. Most humanized PBMC models, to our
knowledge, have chosen IV or IP as the route of injection?®?’. Our models instead provide
partially reconstituted human immunity in human tumor bearing mice through subcutaneously
admixing of human PBMC with cancer xenografts. This approach provides a rapid and cost-
effective, yet highly reproducible alternative to full stem cell reconstitution (e.g., CD34+
hematopoietic stem cell-engrafted humanized mice). Our model has been proved to be useful
for evaluating T cell-engaging cancer immunotherapies, particularly when working on short
timelines or to select agents before moving to a more complex multi-lineage immunity model.

ACKNOWLEDGMENTS:

We thank members of our laboratories for helpful discussions. This work was partially supported
by the Biomedical and Life Science Innovation and Cultivation Research Program of the Beijing
Municipal Science and Technology Commission under Grant Agreement No. Z151100003915070
(project “Preclinical study on a novel immune oncology anti-tumor drug BGB-A317”), and it was
also partially supported by internal company funding for preclinical research.

DISCLOSURES:
All authors have ownership interest in BeiGene. Tong Zhang and Kang Li are inventors on a patent

covering BGB-A317 described in this study.

REFERENCES:

Page 8 of 6 revised October 2016



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

10

11

12

13

14

15

16

17

18

Pardoll, D. M. The blockade of immune checkpoints in cancer immunotherapy. Nature
Reviews Cancer. 12 (4), 252-264, (2012).

Postow, M. A,, Callahan, M. K. & Wolchok, J. D. Immune Checkpoint Blockade in Cancer
Therapy. Journal of Clinical Oncology. 33 (17), 1974-1982, (2015).

Li, Z. & Kang, Y. Emerging therapeutic targets in metastatic progression: A focus on breast
cancer. Pharmacology & Therapeutics. 161 79-96, (2016).

Li, Q. X., Feuer, G., Ouyang, X. & An, X. Experimental animal modeling for immuno-
oncology. Pharmacology & Therapeutics. 173 34-46, (2017).

Fisher, T. S. et al. Targeting of 4-1BB by monoclonal antibody PF-05082566 enhances T-
cell function and promotes anti-tumor activity. Cancer Immunology, Immunotherapy. 61
(10), 1721-1733, (2012).

McCormack, E. et al. Bi-specific TCR-anti CD3 redirected T-cell targeting of NY-ESO-1- and
LAGE-1-positive tumors. Cancer Immunology, Immunotherapy. 62 (4), 773-785, (2013).
Rongvaux, A. et al. Human hemato-lymphoid system mice: current use and future
potential for medicine. Annual Review of Immunology. 31 635-674, (2013).

Matsumura, T. et al. Functional CD5+ B cells develop predominantly in the spleen of
NOD/SCID/gammac(null) (NOG) mice transplanted either with human umbilical cord
blood, bone marrow, or mobilized peripheral blood CD34+ cells. Experimental
Hematology. 31 (9), 789-797, (2003).

Zhang, T. et al. The binding of an anti-PD-1 antibody to FcgammaRlota has a profound
impact on its biological functions. Cancer Immunology, Immunotherapy. 67 (7), 1079-
1090, (2018).

Gamelli, R. L., Ershler, W. B., Hacker, M. P. & Foster, R. S. The effect of disulfiram on
cyclophosphamide-mediated myeloid toxicity. Cancer Chemotherapy and Pharmacology.
16 (2), 153-155, (1986).

Dunay, I. R,, Fuchs, A. & Sibley, L. D. Inflammatory monocytes but not neutrophils are
necessary to control infection with Toxoplasma gondii in mice. Infection and Immunity.
78 (4), 1564-1570, (2010).

Ghasemlou, N., Chiu, I. M., Julien, J. P. & Woolf, C. J. CD11b+Ly6G- myeloid cells mediate
mechanical inflammatory pain hypersensitivity. Proceedings of the National Academy of
Sciences of the United States of America. 112 (49), E6808-6817, (2015).

Takao, K. & Miyakawa, T. Genomic responses in mouse models greatly mimic human
inflammatory diseases. Proceedings of the National Academy of Sciences of the United
States of America. 112 (4), 1167-1172, (2015).

Payne, K. J. & Crooks, G. M. Immune-cell lineage commitment: translation from mice to
humans. Immunity. 26 (6), 674-677, (2007).

Mestas, J. & Hughes, C. C. Of mice and not men: differences between mouse and human
immunology. Journal of Immunology. 172 (5), 2731-2738, (2004).

von Herrath, M. G. & Nepom, G. T. Lost in translation: barriers to implementing clinical
immunotherapeutics for autoimmunity. Journal of Experimental Medicine. 202 (9), 1159-
1162, (2005).

Mahdi, B. M. A glow of HLA typing in organ transplantation. Clinical and Translational
Medicine. 2 (1), 6, (2013).

Shultz, L. D., Brehm, M. A., Garcia-Martinez, J. V. & Greiner, D. L. Humanized mice for

Page 9 of 6 revised October 2016



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

19

20

21

22

23

24

25

26

27

immune system investigation: progress, promise and challenges. Nature Reviews
Immunolog. 12 (11), 786-798, (2012).

Brehm, M. A., Shultz, L. D., Luban, J. & Greiner, D. L. Overcoming current limitations in
humanized mouse research. Journal of Infectious Diseases. 208 Suppl 2 S125-130, (2013).
Walsh, N. C. et al. Humanized Mouse Models of Clinical Disease. Annual Review of
Pathology. 12 187-215, (2017).

Shultz, L. D., Ishikawa, F. & Greiner, D. L. Humanized mice in translational biomedical
research. Nature Reviews Immunolog. 7 (2), 118-130, (2007).

Brehm, M. A. et al. NOD-scid IL2rg"" (NSG) mice deficient in murine MHC Class | and Class
Il expression support engraftment of functional human T cells in the absence of acute
xenogeneic GVHD following injection of PBMC. The Journal of Immunology. 200 (1
Supplement), 57.13-57.13, (2018).

King, M. et al. A new Hu-PBL model for the study of human islet alloreactivity based on
NOD-scid mice bearing a targeted mutation in the IL-2 receptor gamma chain gene.
Clinical Immunology. 126 (3), 303-314, (2008).

Ito, M. et al. NOD/SCID/gamma(c)(null) mouse: an excellent recipient mouse model for
engraftment of human cells. Blood. 100 (9), 3175-3182, (2002).

Shultz, L. D. et al. Human lymphoid and myeloid cell development in NOD/LtSz-scid IL2R
gamma null mice engrafted with mobilized human hemopoietic stem cells. Journal of
Immunology. 174 (10), 6477-6489, (2005).

Sasaki, E. et al. Development of a preclinical humanized mouse model to evaluate acute
toxicity of an influenza vaccine. Oncotarget. 9 (40), 25751-25763, (2018).

Tobin, L. M., Healy, M. E., English, K. & Mahon, B. P. Human mesenchymal stem cells
suppress donor CD4(+) T cell proliferation and reduce pathology in a humanized mouse
model of acute graft-versus-host disease. Clinical and Experimental Immunology. 172 (2),
333-348, (2013).

Page 10 of 6 revised October 2016



Figure 1

Click here to access/download;Figure;Figure 1 Myeloablation of
mice using cyclophosphamide.tif

Live calls
o E
g% & )
o B —

=

S0 0D
Forward .5C-HLIRY

CD11b* Myeloid cells
_E!IH..HR:.EIE_{HLH

5000 $0o00

200

Side Scatt. {SSC-HLUR)

d R2
T/ AT S 1l 1
01 1b-F._.H- HLog)

CD11b*Ly6G* Neutraphils

CO11b-FL.RN-Hlog)
1° 100 IE

P Tl [
U

= 2

T
LybiG-AP,,.2-HLog )

CD11b'Ly6C* Monocytes

|

10 10° 10°
Monocytes (Cells! pl blood)

COL1b-F1.. . RH-HLcg )

.
T 1ot 10 Y ot
Ly&C=PE { YEL-HLDO)

o’

B
3 Vehicle
0 DS 125mpk
3 CP 100mpk
= CP 150mpk + DS 125mpk
0 CP 100mpk + DS 125mpk
=3 CP 50mpk + DS 125mpk
& 2000
E-—-‘.
o & 15004
1 []
ngm. l
E{i 5004 I é * ﬂéu
@ ¥ ll $
Crays post treatment
Brs00,
=
=1
B10004
H ” |!|
2 ol |
fuol | | g
B |1 b Y
: o

g

g

g

e bk 0% Ol oA O
Days post treatmant

*


https://www.editorialmanager.com/jove/download.aspx?id=1045825&guid=738c3f49-c9c6-4c34-b98a-e5dc885a144f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1045825&guid=738c3f49-c9c6-4c34-b98a-e5dc885a144f&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2 Human PBMC 2
transplantation and tumor engraftment.tif

200 ¢ PEMC+ A431
2000 F o PBMC+ A431,
1600 CP+DE trenlrmen
1200

PBMC+A431, CP+0S PBMC+A4.31


https://www.editorialmanager.com/jove/download.aspx?id=1045826&guid=508477a7-6093-4d2a-8cd8-5431d39786bc&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1045826&guid=508477a7-6093-4d2a-8cd8-5431d39786bc&scheme=1

Figure 3

-

Iaan Tumor Violuma (mm?) »
g B

L=}

Click here to access/download;Figure;Figure 3 PBMC donor and
human cancer cell line screen.tif

PEMC Denor Screen B
.o = 400
‘ -
R T 300
- :l‘ L] -
et AT, L gmu
‘: - -:.
. T = 100
. i,
1 s 3 d
Mean IHC Score

B Tumor Vioheme

- B |G Scome
" u
?_h ‘Fﬁ

&

o

Il

-4

NI
Mean IHC Score

=

*


https://www.editorialmanager.com/jove/download.aspx?id=1045827&guid=fa5a8c4e-77c6-4d4d-82ff-223fa2b3b4ac&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1045827&guid=fa5a8c4e-77c6-4d4d-82ff-223fa2b3b4ac&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4 Anti-tumor
activities and pharmacodynamics analysis.tif

A B - ns  ns p<001
# 12 4 =
= A431 {epidermold carcinoma) = 10 -

TADD )ty e E . s oy
= 1300 | =m=B5EA317 ey, ip. W) 2 6 1 2 : o+
Eim = BOB-ATT Pergig, Lp OV o ;' - A 4

ir i 1 e

3 B0 |oBGOANT (Weghy, Lo, W) v 5 sl 1'. . .
5 600 1 g *

_ 2 4B80q , NS peODl pedoy
E 400 o = [ |
E 200 - E i
E n T 1 L L L 1 U & r

o 5 w 15 2 25 W &7 B

Diays Post Inoculation ém d & = I".‘ ol
é 0

c D
- SKOWD {ovartan cancer) = SK-MES-1 (NSCLC)
'Em | —— ik E'Hm — erhin
= ang | == BGERANNT (Mg, Lp. OW) Etm . BRI T | Do i EY E
Eqm | & - o 2
;m i | 3 E m .E
e | * it
A0
|—
o c 200
E 0 ' T T T ] g ]
0 3 Mm 15 20 25 30 [1} 3 10 1% 20 25 ¥ 35
Days Post Treatmend Days Post Troatmend

F
BCLUHOSA (human MSCLE POX) E BOCO-038 (hueman cofon POX)
1400

]_—H-w i 1200 -—H-w

e BOTEATAT | 10em0g. LR, CFA) i E s " BTECATAT {100, LR, )
. f 1 1
= ]
E 3 &
I &

Mean Tumor Voluma (mm?) M
~-EEEBEBEE

400
g 200
] 5 1w 1 2 25 G 5 10 15 My 25 30 35 40
Dawys Past Inacutation Davys Post locutnion


https://www.editorialmanager.com/jove/download.aspx?id=1045828&guid=127cf9a1-d84b-4167-b1d6-b4c3006766bb&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1045828&guid=127cf9a1-d84b-4167-b1d6-b4c3006766bb&scheme=1

Table of Materials

Click here to access/download;Table of

Materials;JoVE_Materials_R2.xIsx

Name of Material/ Equipment Company
PBMC separation /cell culture

Histopaque-1077 Sigma
DMEM Corning
DPBS Corning
FBS Corning
Penicillin-Streptomycin, Liquid Gibco
Trypsin-EDTA (0.25%), phenol red Gibco
Matrigel Corning
FACS analysis

Deoxyribonuclease | from bovine pancreas Sigma
Collagenase Type | Sigma
Anti-mouse/human CD11b (M1/70) antibody BioLegend
Anti-mouse Ly-6C (HK1.4) antibody BioLegend
Anti-mouse Ly-6G (1A8) antibody BioLegend
Anti-human CD8 (OKT8) antibody Sungene Biotech
Anti-human CD279 (MIH4) antibody eBioscience
Anti-human CD3 (HIT3a) antibody 4A Biotech
Guava easyCyte 8HT Benchtop Flow Cytometer Millipore
Tumor/PDX implantation /dosing / measurement

Cyclophosphamide J&K
Disulfiram J&K
Syringe BD

Hypodermic needles (14G)
Vernier Caliper (MarCal)

IVC individual ventilated cages

Shanghai SA Mediciall &

Plastic Instruments Co., Ltd.

Mahr

Lingyunboji Ltd.

IHC

Leica ASP200 Vacuum tissue processor

Leica RM2235 Manual Rotary Microtome for Routine
Sectioning

Leica EG1150 H Heated Paraffin Embedding Module
Ariol-Clinical IHC and FISH Scanner

Anti-human CD8 (EP334) antibody

Leica
Leica

Leica
Leica
ZSGB-Bio
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Anti-human PD1 [NAT105] antibody Abcam
Anti-human PD-L1 (E1L3N) antibody Cell Signaling Technology
Polink-2 plus Polymer HRP Detection System ZSGB-Bio




Catalog Number

Comments/Descrip
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10771 Cell isolation
10-013-CVR Cell culture
21-031-CVR Cell culture
35-076-CV Cell culture
15140-163 Cell culture
25200-114 Cell culture

356237 CDX inoculation
DN25 Sample preparation
C0130 Sample preparation
101206 FACS

128008 FACS

127614 FACS

H10082-11H FACS

12-9969-42 FACS

-- FACS

0500-4008 FACS

Cat#419656, CAS#6055-19-

2

Cat#591123, CAS#97-77-8

In vivo efficacy

In vivo efficacy

300841 CDX inoculation

0.7*32 TW SB PDX inoculation

16ER Tumor
measurement

IVC-128 Animal facility

ASP200 IHC

RM2235 IHC

EG1150 H IHC

Ariol IHC

ZA-0508 IHC
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D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” -means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
fo the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual {for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c} to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video ~ Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video ~ Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license {a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b} to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in {a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are fechnically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in 1tem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author{s) name and on their behalif
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author{s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video license Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
eisewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmiess shall include such losses or damages incurred by,
or in connection with, acts or omissions of JjoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Xioopnr § g
Department:
P In Vive /71"3// Mo W/»OM
Institution: {; 7241 s
2

Signature: i o n g Date: Joem (O, 2 1?

/

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JOVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JOVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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DETAILED RESPONSE TO THE REVIEWERS
Reviewer #1
Manuscript Summary:

Li et al report a humanized mouse model for the reconstitution of human tumors and human
lymphocytes for the evaluation of immune checkpoint inhibitors in cancer immunotherapy. Their
model consists of administering cyclophosphamide to NOD-SCID mice so that they accept
human tumors infiltrated with PBMC. Whilst the data they present suggests that the model is
effective for evaluating the human CD8 T cell response in an immunodeficient mouse model it is
not novel as there are several models of human T cell reconstitution in immunodeficient mice
and numerous studies of human tumor biology and cell growth in such models as well.

We thank Reviewer 1 for acknowledging that our model is useful for the evaluation of immune
checkpoint inhibitors in cancer immunotherapy. We have taken good note of the issues raised
by the reviewer regarding the novelty of our models. To this end, we provide additional data and
literature analysis that, in our opinion, have strengthened the novelty of our humanized mouse
models. In brief, our models provide partially reconstituted human immunity in human tumor
bearing mice through subcutaneously admixing of human PBMC with cancer xenografts. This
approach provides a rapid and cost-effective, yet highly reproducible alternative to full stem cell
reconstitution (e.g. CD34+ hematopoietic stem cell-engrafted humanized mice). Our model has
been proved to be useful for evaluating T cell-engaging cancer immunotherapies, particularly
when working on short timelines or to select agents before moving to a more complex multi-
lineage immunity model.

Major Concerns:
Lack of novelty. Similar models have been described previously. There are several issues, if
clarified, would improve the manuscript and clarify issues for the reader:

We thank Reviewer #1 for the suggestions. We have clarified these issues in our revised
manuscript, and please also refer to the following point-to-point responses.

*The authors infiltrate the tumor with human PBMC. However, they only provide evidence for
CD8Tcell infiltration. This raises several questions: is there human Immune cell reconstitution
within the NOD-SCID mice or do the cells only reside in the tumor. If so, what cells are
reconstituted? Is is only CD8 T cells? Is there reconstitution of non-T cells such as B cells?

The authors do not have evidence suggesting the reconstitution of human immune cell
populations other than CD8+ T cells. We do believe, however, there’s systemic presence of
human immune cells, as suggested by at least two lines of evidence: 1) Cyclophosphamide pre-
treated, PBMC-engrafted mice demonstrate significant elevation of human Alu sequence signal
in the blood and spleen compared to the control mice, quantified by RT-PCR at 14 days post
subcutaneous PBMC injection (Suppl. Fig. 1). 2) Clinical observations associated with
xenogeneic GVHD in PBMC-engrafted mice, about 30 days post engraftment (Suppl. Fig. 2, and
as detailed below).
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*Related to this question: do the mice develop xenogeneic GVHD? *If not how long do the
human cells survive in this model as human T cell reconstituted in NOD SCID mice are usually
short lived?

Clinical observations commonly associated with xenogeneic GVHD (xGVHD) have been
observed in our humanized model, such as erythema, hunched posture, weight loss (Suppl. Fig.
2) and mortality. These phenotypes were usually observed towards the end of our studies,
usually at 1-2 months post engraftment, indicating the propagation and infiltration of human T
cells in xGVHD target organs. The prior treatment of CP+DS increase the engraftment of human
PBMCs. In tumor tissues, our immunohistochemistry (Fig. 2C) and flow cytometry (Fig. 4B)
analyses demonstrated the presence of human CD8+ T cells at least 20-25 days post PBMC
engraftment.

*Have the authors been able to separate xenogeneic GVHD, allo-immunity, and reconstitution of
mouse macrophages from the anti-tumor effect.

We thank Reviewer #1 for raising this question. Alloimmunity describes the immune interaction
between genetically distinct individuals, and this type of immune response is expected in our
experimental models as the human cancer cell lines or PDX transplant is a foreign substance to



the donor PBMC. The authors believe that the enhanced anti-tumor activities of tested
immunotherapy are largely due to T cell potentiation within the scope of alloimmunity.
Xenogeneic GVHD (xGVHD), as discussed above, did occur in our humanized mouse models
but at a much later stage than when the anti-tumor effects being observed, suggesting that the
anti-tumor efficacies are largely due to alloimmunity but not xGVHD. In addition, our previous
study has suggested that presence of tumor-associated macrophages (mCD64+) negatively
correlate with anti-PD-1 antibody-mediated anti-tumor activities?.

Minor Concerns:
*|t is not clear why they authors used NOD-SCID mice rather than NSG mice which are more
accommodating of human immune cells.

The authors acknowledge that the more severely immune-compromised NSG mice could be a
better model for human immune cell engraftment. In fact, our in-house data support that the
protocol documented in this manuscript shall work for both NOD-SCID and NSG mice. The
authors started the relevant projects a few years ago, when NSG mice are not yet very popular
and readily available. We performed our model establishment and proof-of-concept experiments
using the NOD-SCID strain, and in order to keep our data consistent, we continued using this
mouse strain for the later studies. Furthermore, the higher costs associated with using the NSG
strain draw our preference to the NOD-SCID strain as, to our experience, there was no
significant benefit in using the more immuno-compromised NSG strain.

In summary, more information is required surrounding the degree of immune reconstitution, the
mechanism of human-immune antitumor response, and the limitations of the model.

We thank and agree with Reviewer #1 and have provided additional discussions regarding the
above-mentioned issues in our revised manuscript.



Reviewer #2
Manuscript Summary:

In this study, the authors developed the humanized mice model that human PBMC and tumor
cells were subcutaneously inoculated to investigate the anti-tumor activity of immune checkpoint
inhibitors. Although the idea is not bad, some figures are unclear for publication.

We thank Reviewer #2 for acknowledging the interesting idea of our manuscript. We have
revised some of our figures (Fig. 1 in particular) that might cause confusion. Please see the
details below.

Major Concerns:

In Fig. 1A, the author described gating strategy of myeloid cells, but it looks very strange that
almost myeloid cells are PMN-MDSC or M-MDCS population and neutrophils are very low
frequency, even you did not show % of those fractions. Generally, CD11b+ myeloid cells
composed 70-80% of Grl+ granulocytes and 10-20% F4-80+ monocytes in peripheral blood
from NOD-scid, NSG, or NOG mice, and HLADR negative MDSC is very rare population in
steady state. Also, the authors referred Ali, K. et al. Nature. 510 (7505), 407-411, for creating
the gates. In this reference, they showed the PMN-MDSC or M-MDCS population by
Ly6G/Ly6C/CD11b staining, but those cells are in splenocytes but not in peripheral blood as you
mentioned in the figure. The reviewer think that is critical error to defining the cell subsets,
MDSCs and neutrophil populations in PB. In Fig. 1B, there is also severe concern about the
frequency of neutrophils in PB, only 1-2 % is too small even though cyclophosphamide was not
treated.

The authors thank the reviewer for pointing out our inappropriately defined cell populations in
the mouse peripheral blood. MDSCs, identified as CD11b+Ly6G/Ly6C+ subsets, are
differentiated from the myeloid lineage under inflammatory conditions or cancers and infiltrated
into inflammation sites and tumors, and should not be used in this case. The authors
acknowledge that we have incorrectly characterized populations in the peripheral blood. In the
blood, Ly6C is believed to be a marker of monocytes (Ly6C"9") and neutrophils (Ly6C™*™), and
Ly6G* subsets are characterized as neutrophils?3. We have therefore re-analyzed our flow
cytometry data accordingly. In this case, the neutrophil population (CD11b*Ly6G™) accounts for
about 60%, and the monocyte population (CD11b*Ly6C"") accounts for 10-20% of the CD11b*
myeloid cells. Figure 1 has been revised accordingly.

The authors should describe about the purpose/necessity to utilize the disulfiram, but it looks no
effect.

Disulfiram (DS) decreases the urotoxicity of cyclophosphamide (CP) in mice, and CP combined
with DS has been suggested to have longer-lasting neutropenia than animals treated with CP
alone*. We have explanined our rationale of utilizing disulfiram in our revised protocol section
1.1.3. Our own data also suggest that CP+DS would reduce death incidence compared to the
CP-only treated group (Suppl. Fig. 3).

How many mice did you use in the experiment?

6 mice were used in our myeloablation dose determination experiments (protocol section 1.1), 3
mice per PBMC donor were used in our PBMC donor screen (protocol section 2) , 3 mice per
group were used in our cancer cell line and PDX screen (protocol section 3), and 8-12 mice per
group were used in our efficacy studies (protocol section 5). We have included the number of
mice used for each study in our revised manuscript.
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Minor Concerns:

1) The author should describe about more detailed information of each tumor cell line/PDXs and
the protocol for the treatment of BGB-A317.

We thank the reviewer for pointing this out and we have elaborated our BGB-A317 treatment
protocol and cell lines/ PDXs used in the protocol section 5.4.

2) The author should explain the objective criteria of the PD-1, PD-L1, and CD8 IHC scoring.

We thank the reviewer for pointing this out and we have included our IHC scoring system in our
revised protocol (section 4). Please also see the description below:

Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by
assigning an expression score on a 5-point scale (IHC score, range 0—4) within the selected
core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2,
weak-to-moderate intensity/ 20%—-50% cells; 3, moderate-to-strong intensity/ 50%—-80% cells; 4,
strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a
5-point scale (IHC score, range 0-4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-
to-moderate intensity/10%—-30% cells; 3, moderate/ 30%—-50% cells; 4, strong intensity/ more
than 50% cells.

3) The reviewer would like to know the ratio of CD4 and CD8 in CD3+ T cells in TIL, and did
CDS8 level increase after 10 mg/ml BGB treatment?

The authors do not have relevant data for CD4+ T cells and thus not able to calculate the ratio
of CD4+ and CD8+ in the CD3+ TILs. The percentage of CD8+ TILs does increase after
10mg/kg BGB-A317 treatment, compared to the vehicle group (as shown in Fig. 4B).



Reviewer #3
Reviewer comments

In the manuscript entitled "A Human Peripheral Blood Mononuclear Cell (PBMC) Engrafted
Humanized Xenograft Model for Translational Immuno-oncology (I-O) Research" Zhuo Li and
colleagues describe a protocol for generating humanised mice, harbouring human immune cells
in addition to human tumours. The human tumours are established by subcutaneous injection of
human tumour cell lines or transplantation of PDX tumour tissue. The field of immuno-oncology
is rapidly developing and there is need for reliable preclinical models overcoming the trans-
species limitations associated with use of immunocompetent mouse models in immuno-
oncology preclinical studies. Thus, development of humanised pre-clinical tumour models is
highly relevant.

The manuscript describes a method that might be used by other scientist in the field. The need
for clarity in each step is high, thus the authors have to clarify some of the steps in the
described protocol. In addition, additional control experiments are required to establish this
model as relevant for translational immuno-oncology research.

We thank reviewer #3 for highlighting the importance of our work that aims to establish reliable
humanized preclinical tumor models for translational immuno-oncology studies. We have
included additional information and details for our model development in our revised manuscript.

Major concerns

- In the described protocol PBMCs are injected subcutaneously together with human cancer cell
lines in a 50% Matrigel suspension. The authors have not provided any data describing a
potential systemic presences of human immune cells, expected to be mainly T cells, in the
transplanted mice. Flow cytometry analyses aiming at detecting human immune cells in blood
collected from the humanised mice, at different time points, should be provided, as well as
immunohistochemistry (IHC) or flow cytometry analyses of other organs that might harbour the
human immune cells, mainly spleen.

Although human immune cells in the blood or other organs were not tested in a dynamic
manner and profiled by IHC or flow cytometry, we do believe, however, there’s systemic
presence of human immune cells, as suggested by at least two lines of evidencel)
Cyclophosphamide pre-treated, PBMC-engrafted mice demonstrate significant elevation of
human Alu sequence signal in the blood and spleen compared to the control mice, quantified by
RT-PCR at 14 days post subcutaneous PBMC injection (Suppl. Fig. 1). 2) Clinical observations
commonly associated with xenogeneic GVHD have been observed in our humanized model,
such as erythema, hunched posture, weight loss (Suppl. Fig. 2) and mortality. In addition, we
have toned down some of our statements as these might have over-interpreted the degree of
humanization of our mouse models.
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- The authors should show data comparing tumour growth in the presence and absence of
PBMCs, for the studied cell lines and PDX models. The manuscript lacks sufficient controls to
state that the observed effect of BGB-A317 treatment is dependent PBMC mediated
humanisation. Non-humanised/mock-humanised mice should be treated with BGB-A317 under
the same conditions as in the described experiments (Figure 4), to validate that the observed
effect of BGB-A317 treatment is dependent on the presence of human immune cells.

The tumor growth curve of one of the studied tumor models, human colon PDX BCCO-028, in
the presence and absence of PBMC is provided for the reviewer’s reference (Suppl. Fig. 4).
Although this data is collected in a separate experiment from our Fig. 4F, it is clear that there is
no anti-tumor effects of BGB-A317 without PBMC humanization. The authors also noted that
similar information of non-humanized/ mock-humanized mice was not shown in many published
literatures involving models with allogenic PBMCs or peripheral blood lymphocytes (PBLs)>®.
We believe that the PBMC-engrafted, BGB-A317 non-treated group (i.e. vehicle groups in Fig.
4) that were included in all our studies, served as a valid control for evaluating the anti-tumor
activities of the tested immunotherapies.



Suppl. Fig. 4

s BCCO-028 (human colon PDX)

W 1000 A

(7]

+l

[32]

£ 800"

E

(] -

e 600

E]

o

> 4004

o

E 200

|_

c

8 0 T T 1
= 0 20 40 60

Treatment Days

—®— Vehicle, +PBMC
-~ Vehicle, -PBMC
BGB-A317 (10mpk, -PBMC)

- The authors should refer to all figures at the appropriate place in the text.

We apologize for not referring to the figures at the appropriate locations in the text. We have
revised our manuscript following the journal’s requirements.

- In the discussion the authors elaborate on graft versus host disease (GvHD) as a limiting
factor to this protocol. A note about the expected experimental window should be provided in
the protocol.

We thank reviewer #3 for pointing this out. We elaborated on this issue in the protocol 5.5 and
discussion sections of our revised manuscript.

Minor comments

- The license number for the ethical approval for obtaining the informed consents should be
provided.

We have attached a copy of our informed consent form for voluntary blood donation used in our
studies. We ensure that all participants understand the scope of our research, their involvement
and the rights and risks while involved in research. This informed consent form was signed by
each donor everytime of the studies and the original copies have been properly stored in our
laboratory archive.

- All abbreviations should be explained first time in use.

We thank the reviewer for pointing this out. We have proofread our manuscript and ensure all
abbreviations properly explained the first time used.

- The authors should comment on whether only female mice can be used for this procedure or if
male mice also are suitable. Alternatively, if only female mice have been investigated, this
should be noted.



All mice involved in this study were female. The authors have not evaluated if there is difference
between male and female mice. We thank the reviewer for pointing this out and we have
clarified this in section 1.1.1 in the revised manuscript.

- Section 1.1.2: "Prepare cyclophosphamide (CP, CTX) at different doses (50, 100 and 150
mg/kg, J&K) in saline". The authors should explain why different solutions are prepared. Were
different solutions prepared to enable administration of an equal volumes of drug solution to
mice getting different doses of cyclophosphamide?

We thank reviewer for pointing this out and the reviewer’s understanding is correct. We have
clarified this in section 1.1.2 in the revised manuscript.

- Section 1.1.4: When is the blood on day O collected, before or after administration of
cyclophosphamide and disulfiram?

The blood is collected on day 0 before the administration of cyclophosphamide and disulfiram.
We have clarified this in section 1.1.4 in the revised manuscript.

- Section 1.1.6: The authors should provide body mass development curves for treated and non-
treated mice.

The body weight development curves for treated and non-treated mice is provided for the
reviewer’s reference (Suppl. Fig. 3).
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- Section 1.2.3: The authors should state the number of hours after last administration of CP
rather than "the day after".

We thank the reviewer for pointing this out and we have clarified this in section 1.2.3 in the
revised manuscript.

- Section 1.2.4: For how many days/weeks were the measurements recorded?

We thank the reviewer for pointing this out and we have clarified this in section 1.2.4 in the
revised manuscript.

- Section 2 and Figure 3: How many healthy PBMC donors were screened?



We thank the reviewer for pointing this out and we have clarified this in section 2.1 in the
revised manuscript. The authors have screened over 50 healthy PBMC donors in the study, to
ensure we have enough number of suitable donors. The authors would also like to note that any
searcher who want to adopt this protocol might decide on their own how many healthy PBMC
donors to be screened, based on the size of their planned studies.

- Section 5 and Figure 3: The amount of administered PBMCs is referred to as a range, 2.5-
5x108 PBMCs. This difference in the administered amount of PBMCs might influence the degree
of humanisation and tumour growth. The authors should specify the amount of PBMCs
administered to each mouse. If the authors have data supporting that there are no differences in
degree of humanisation or tumour growth between administration of 2.5 and 5 x10® PBMCs,
these data are very interesting and should be shown.

The authors apologize for this confusion. The number of PBMC used for any individual mouse in
one single study is the same. However, due to variations in the availability of total isolated
PBMC at the time of each study, the authors have chosen to use 2.5 x 10°, 4 x 10°, or 5x10¢
PBMC per mouse. Although this 2-fold difference in the administered amount of PBMCs might
affect the degree of humanization, the authors do not observe significant differences in
evaluating anti-tumor efficacies of the tested immunotherapies. We have not performed a
detailed side-by-side comparison examining the different number of PBMC used and the degree
of humanization. We thank the reviewer for pointing this out and we have clarified this in section
5.2 in the revised manuscript.

- Section 5.3: Were the PBMCs injected on each side of the engrafted piece of PDX tumour
tissue administered in a Matrigel solution, as described for the cell lines? If the PBMCs were
administered without Matrigel, did this influence the level of human immune cells in the blood
compared to administration of PBMCs in Matrigel?

PDX tumor tissues were administered in a Matrigel solution, same as described for the cell
lines. We thank the reviewer for pointing this out and we have clarified this in section 5.3 in the
revised manuscript. We have not performed a detailed side-by-side comparison examining the
influence of using or not using Matrigel on the systemic engrafment of PBMC.

- Section 5.7: For how long were the cells incubated with the antibodies at 4°C?

We thank the reviewer for pointing this out and we have detailed the duration of antbody
incubation in section 5.7 in the revised manuscript.

- Figure 1: The authors should explain the statistics used and give values for *, ** and ***,

We thank the reviewer for pointing this out and we have clarified this in the revised manuscript.
- Figure 1B: How many mice were included in each group?

We thank the reviewer for pointing this out and we have clarified this in the revised manuscript.

- Figure 2: The authors should clarify what is meant by "No treatment" and
"Cyclophosphamide"/"+ Cyclophosphamide”. Is "No treatment" in the absence of
cyclophosphamide or PBMCs? Were the "Cyclophosphamide"/"+ Cyclophosphamide" groups
also treated with disulfiram, or is this experiment equal to the red coloured group in figure 1B?

The authors apologize for this confusion. We thank the reviewer for pointing this out and we
have clarified this in legend of Fig. 2B in the revised manuscript. The red line represents data
from the group with PBMC and tumor transplation but without CP or disulfiram treatment
(supposedly poor humanization), while the blue line represent data from mice with
PBMC+tumor+CP+disulfiram.

- Figure 2C: Scale bars should be included in the images.



We thank the reviewer for pointing this out and we have included the scale bar in our revised
manuscript (Fig. 2C)

- Figure 3: The authors should clarify the amount of PBMCs administered to the mice (see
previous comment).

Please refer to the response above. In brief, the number of PBMC used for any individual
mouse in one single study is the same. However, due to variations in the availability of total
isolated PBMC at the time of each study, the authors might choose to use 2.5 x 108, 4 x 108, or
5x108 PBMC per mouse at different studies.

- Figure 3A: Does each dot represent the mean value of 3 mice engrafted with PBMCs from 1
donor, in combination with A431 cells? How many PBMC donors were screened?

It is correct that each dot represents the mean value of 3 mice engrafted with PBMCs from 1
donor, in combination with A431 cells. We thank the reviewer for pointing this out and we have
clarified this in legend of Fig. 3A in the revised manuscript. The authors have screened over 50
healthy PBMC donors in the study, and the results shown in Fig. 3A are representative data
from 35 of them.

- Figure 3B: How many mice are included in each group? Please provide a short description of
the scoring system 0-4?

3 mice were included in each group. We thank the reviewer for pointing this out and we have
clarified this in legend of Fig. 3B in the revised manuscript.

We have included our IHC scoring system in our revised protocol (section 4). Please also see
the description below:

Immunohistochemical scoring was performed in a blinded fashion by an experienced pathologist
(M. Guo). Immuno-stained sections were initially assessed at low magnification (4x, 10x) to
select the core with the highest density of positive cells. TIL markers (indicating immune cell
subsets) and human PD-L1 (expressed by tumor cells) were assessed. The area of the entire
core occupied by tumor epithelium versus stroma was assessed followed by estimation of the
proportion of positive TILs that were intraepithelial or intrastromal (intraepithelial localization
defined as lymphocytes within tumor cell nests and/or adjacent to and in direct contact with
tumor cells).

Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by
assigning an expression score on a 5-point scale (IHC score, range 0—4) within the selected
core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2,
weak-to-moderate intensity/ 20%—-50% cells; 3, moderate-to-strong intensity/ 50%—-80% cells; 4,
strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a
5-point scale (IHC score, range 0-4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-
to-moderate intensity/10%—-30% cells; 3, moderate/ 30%—-50% cells; 4, strong intensity/ more
than 50% cells.

- Figure 4: Please, state in the figure legend how many PBMCs that were administrated?
Control experiments including non-humanised mice transplanted with the various cancer models
and treated with BGB-A317 must be included (see previous comment).

We have included the amount of PBMC used in each study in the revised manuscript. Please
refer to our response above regarding the control experiments using hon-humanzied mice.



Reviewer #4
Summary:

Although many murine immuno-oncology (IO0) models have been created they possess well
documented limitations in their ability to recapitulate a human immune system. The authors
present data in support of using humanized mice for to evaluate potential I-O agents in the
context of a human immune response. The use of humanized mice in I-O studies is limited by
the considerable cost, screening human donors and time required to generate the mice. The
proposed model seeks to address the time required to generate a relevant model by
incorporating a myeloablation strategy (combined treatment with cyclophosphamide and
disulfiram) prior to engrafting human PBMC from healthy donors in NOD/SCID mice. The
authors provide evidence that tumor control can be improved in mice receiving BGB-A317
(Tislelizumab), an anti-PD1 antibody, as a proof of concept for using a humanized PBMC model
for evaluation of I-O agents.

By creating their humanized PBMC xenograft model, the authors convincingly highlight the
importance of such a model to study human immune responses and human cancers in
translational I1-O. This reproducible and robust in vivo model has the potential to be used for
various |-O therapy studies.

We thank Reviewer 4 for her/his overall positive comments and constructive suggestions. We
also thank Reviewer 4 for highlighting the importance of our PBMC-reconstituted humanized
mouse model to be potentially used for various I-O therapy studies.

Major Criticisms:

1. Most of the literature on humanized PBMC models (Sasaki 2018, Weibmuller 2015, Tobin
2013, Lin 2018) use either IV injection for short-term studies or IP for long-term studies. This
should be highlighted somewhere in the discussion. Furthermore, what would be the risks and
benefits of using this novel method of injecting PBMCs admixed with tumor cells
subcutaneously (in matrigel) versus previously published studies or IV or IP? For example,
PBMC contain functional NK cells and it is unclear what contribution other immune cell
components play in the progression of the tumor. In this model it would appear that true
engraftment does not happen but intra-tumoural human immune cells can be added to the TME
with this technique. What is the advantages of this are over a simple PDX model where small
fragments of whole tumour (with intact TME) are being implanted into NOD/SCID mice?

The authors thank Reviewer 4 for the suggestion of highlighting the fact that most humanized
PBMC models have chosen IV or IP as the route of injection’®. To this end, we discussed the
possible advantages and disadvantages of our model in the revised manuscript. We have also
toned down some of our statements as these might have over-interpreted the degree of
humanization of our mouse models.

We thank Reviewer 4 for pointing out the comparison between a simple PDX model versus our
humanized model through co-engraftment of human PBMC. Patient-derived tumor immune
microenvironments co-exist in early passages of PDXs, but the stromal tissues, including
immune cells, diverge substantially from their parental tumors and decrease significantly during
passaging®°. With the limitation on available tissues for implantation and possibly low
engrafment rate, usually this is not applicable for experiments requiring relatively large animal
numbers. Therefore, humanization of the immuno-compromised mice by co-engraftment, along
with the tumor, of normal human PBMC would circumvent some of these issues. The
reconstitution of the human immune system would therefore allow examination of the role of
interactions between xenogeneic human stroma and tumors in cancer progression.



2. Myeloablation and figure 1B: the ablation with CP and DS is shown in Figure 1B. However,
there is no mention of the main advantages of adjuvant chemical ablation in the NOS/SCID
mice versus radiation ablation. Previous studies have shown reliable response for humanized
mice when using radio-ablation. A rationale for choosing CP+DS should also be provided given
that single agent CP treatment alone appears to reduce Neutrophils to a similar extent.

We thank the reviewer for pointing out the issue regarding the rationale of using adjuvant
chemical ablation. As the reviewer pointed out, there are many studies which used the radio-
ablation strategy. The authors do not think, however, there will be a significant difference
between these two myeloablation approaches, and have some preliminary in-house experience
suggesting that both methods work well in our models (data not shown). Disulfiram (DS)
decreases the urotoxicity of cyclophosphamide (CP) in mice, and CP combined with DS has
been suggested to have longer-lasting neutropenia than animals treated with CP alone®*. We
have explanined our rationale of utilizing disulfiram in our protocol section 1.1.3. Our own data
also suggest that CP+DS would reduce death incidence compared to the CP-only treated group
(Suppl. Fig. 3). One possible advantage of the adjuvant chemical ablation over radio-ablation is
that this would be more applicable to research labs who have limited access to radiation
instruments.
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Furthermore, no information is provided on the number of animals making it difficult to interpret
the variability in responses to CP+DS ablation and raises a strong concern for reproducibility if
adopted by other labs. In addition, no data is provided with respect to the effects on the
monocyte population or the kinetics of reconstitution of the murine myeloid populations or
proportion of human immune cell subsets. Given that the optimal regimen was to be selected
based on changes in the both the neutrophil and monocyte population (1.1.6) these data should
be included in a revised manuscript.

The authors apologize for not reporting the number of animals in our previous manuscript. 3
mice for the vehicle group and 6 mice for CP and/or DS treated groups were used in this study
(Fig. 1B). We have included this information in the figure legend of Fig. 1B. In addition, we have
re-analyzed our flow cytometry data, and the dynamic changes of murine myeloid populations
(i.e. neutrophils and monocytes) upon CP and/or DS treatment, is provided in the revised
manuscipt.



3. The protocol for human PBMC transplantation and tumor engraftment lacks sufficient detail to
be easily adopted by other labs. Authors should review the critical steps of the protocol to
ensure necessary reagents and workflow is well documented. A visual flow figure would be help
to convey the model and transplant process.

We thank Reviewer 4 for pointing this issue out. We have included more details regarding
PBMC transplantation and tumor engraftment in our protocol section. The authors would also
like to note that there will be a video production accompanied by this article that will highlight all
essential and critical procedures.

4. Essentially no details or discussion are provided on the methods related to IHC scoring (eg,
average CD8, PD1 and PDL17?) or the significance beyond a qualitative assessment of donor
suitability. Details of suitable donors are similarly absent, ie for the protocol to be reproducible it
would be helpful for other groups to have a better understanding of the demographics of the
donor population that were identified as suitable as well as details on immune cell proportions
(CD8 and NK at a minimum) and HLA typing. From the current manuscript it is unclear what the
authors considered a suitable donor based on the data provided. In addition, were donors
suitable across multiple cancer types or was there variability here as well. The data presented in
figure 3A and 3B do not appear to include the same donor populations given the variability in
the scores although it is unclear which points represent the A431 cells in panel A.

We thank Reviewer 4 for pointing this issue out. We have included more information related to
IHC scoring in our revised manuscript. Please also refer to the information below:

Immunohistochemical scoring was performed in a blinded fashion by an experienced pathologist
(M. Guo). Immuno-stained sections were initially assessed at low magnification (4x, 10x) to
select the core with the highest density of positive cells. TIL markers (indicating immune cell
subsets) and human PD-L1 (expressed by tumor cells) were assessed. The area of the entire
core occupied by tumor epithelium versus stroma was assessed followed by estimation of the
proportion of positive TILs that were intraepithelial or intrastromal (intraepithelial localization
defined as lymphocytes within tumor cell nests and/or adjacent to and in direct contact with
tumor cells).

Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by
assigning an expression score on a 5-point scale (IHC score, range 0—4) within the selected
core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2,
weak-to-moderate intensity/ 20%—-50% cells; 3, moderate-to-strong intensity/ 50%—80% cells; 4,
strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a
5-point scale (IHC score, range 0-4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-
to-moderate intensity/10%—30% cells; 3, moderate/ 30%—-50% cells; 4, strong intensity/ more
than 50% cells.

The authors do not have demographics data of the donor population although the majority of
which are of Chinese origin. The authors also do not have details on immune cell proportions of
the donated blood and have only performed limited characterization on HLA typing (data not
shown). The authors would like to note that a particular PBMC donor might be suitable for one
cancer cell line/ PDX but not ideal for others. PBMC donors might therefore need to be
screened for each individual cancer model to ensure optimal results.

Each dot in Fig. 3A represents the mean value of 3 mice engrafted with PBMCs from 1 donor, in
combination with A431 cells. The authors have screened over 50 healthy PBMC donors in the
study, and the results shown in Fig. 3A are representative data from 35 of them. Results in Fig.
3B are representative results of our three established tumor models (i.e. A431, SK-MES-1 and
SKOV3), in combination of PBMCs collected from selected donors (protocol 2.4). The authors



also discussed the considerations and criteria of screening suitable donors for a particular
model in the revised manuscript.

5. Figure 4 - again it is unclear from the present manuscript how many different donors were
used to generate each summary figure for the individual cancer cell lines and PDX lines. It is
also concerning that the authors have not used a viability marker to exclude dead cells from the
flow cytometric analysis of the TIL population, representative flow plots should be provided
which outline the gating strategy used and the typical results.

The authors apologize for this confusion. PBMC from one selected donor is used for all the mice
in each individual efficacy experiment, i.e. one donor was used to generate each summary
figure for the individual cancer cell lines and PDX lines in Figure 4.

The authors acknowledge that, unfortunately, we did not include a viability marker to exclude
dead cells for the flow cytometry analysis of TILs. A representative gating strategy we used is
shown in Suppl. Fig. 6. We gated our R1 as live cells based on forward and side scatters, and
subsequently obtaining the data for CD8+ and CD8+PD+ populations.

6. It is unclear what an isotype control Ab was not used for the 1-O agent, could these results
reflect a non-specific effect related to the inclusion of a humanized Ab.

The authors thank Reviewer 4 for pointing this out. The authors did use a human IgG control in
the beginning for our proof-of-concept studies. An example of the resulting data is provided here
for the reviewer’s reference (Suppl. Fig. 5). Our data indicate that the anti-tumor effect of BGB-
A317 is not due to a non-specific effect related to the inclusion of a humanized Ab. We have
latter switched to a vehicle control (i.e. PBS only) for our efficacy studies for the simplicity of
experiments. The authors also note that PBS vehicle control has been used by previous
literatures for evaluating 1-O agent®®, and we believe that this would not change the conclusion
and interpretation of our results.

Suppl. Fig. 5
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Minor Criticisms:

1. The gating strategy for monocytic MDSCs and neutrophils are explained in detail under the
protocol and results section. However, the MDSC population, which plays a critical suppressive
role in the cancer TME, is not detailed in the background/introduction. Although not essential for



publication, | would recommend explaining the importance of MDSCs in the introduction since
they include these populations in the gating strategy.

We thank the reviewer for pointing this out. The authors later realized that the gating strategy
used in our Fig. 1 might not be appropriate, and thus revised the related analysis and
description in our results and protocol sections. In the revised manuscript, the authors do not
show and discuss results related to the MDSC populations.

2. In the discussion (line 268) authors mention that only 20% of tumors/PDx demonstrate
acceptable tumor growth rate. Which tumors were acceptable? If only 20%, this model could be
of benefit to study which tumors exactly? Is there a correlation between model success and
tumor characteristics (i.e. high neoantigen burden, neovascularization, avoiding immune
responses, etc.)?

The authors thank the reviewer for pointing this out and we apologize for this confusion. What
the authors intended to say is “about 20% of cancer cell lines and PDXs examined demonstrate
acceptable tumor growth rate while at the same time having relatively high TILs and PD-L1
staining”. In fact, our humanized mice support the growth of most human tumors tested (as
mentioned in the abstract), but a considerable proportion of these have little or no immune cell
infiltrations and/or PD-L1 staining, and thus were not further tested in our efficacy studies of I-O
therapies. The three human cancer cell lines mentioned in our manuscript, i.e. A431 (epidemoid
carcinoma), SKOV3 (ovarian cancer) and SK-MES-1 (lung cancer), as well as two PDX models,
i.e. BCLU-054 (lung cancer) and BCCO-028 (colon cancer), are considered good tumor models
for I-O therapy evaluation in our humanized mice. The “20%” mentioned in our manuscript was
specifically referring to the application of this model for the I-O therapies the authors have
explored in this study. We believe that with further understanding and characterization of this
model, just as the reviewer pointed out, the scientific community will expand its application to
additional therapeutics and tumor types.

The authors also thank the reviewer’s question regarding the correlation between model
success and tumor characteristics. We did not explore this but it is an interesting question to be
investigated in future studies.

3. HLA matching (line 271): it seems like HLA matching would be a key step for other studies
that using this xenograft model. HLA..."Might not be the determining factor" is a vague
response. They should at least include the data and explain why HLA matching might not be
critical step.

The authors acknowledge that this is only a preliminary observation and we have not performed
detailed analysis to fully support this claim. Therefore, we have removed the related claims in
our revised manuscript.

4. Authors should cite original work instead of review articles.

We thank the reviewer for pointing this out and we have revised our manuscript to include more
original research articles.

5. Page 1 In 1 - "human PBMC-based humanized" seems redundant
We thank the reviewer for pointing this out and we have removed “humanized” in this phrase.
6. Rationale or reference for use of disulfiram in myeoablation strategy should be provided.

We thank the reviewer for pointing this out and we have explanined this in the protocol 1.1.3 of
our revised manuscript. Disulfiram (DS) blocks the urotoxicity of cyclophosphamide (CP) in
mice, and CP combined with DS was suggested to have longer-lasting neutropenia than



animals treated with CP alone*. We also observed that there is decreased number of death
events from mice treated with CP+DS versus CP alone (Suppl. Fig. 3).
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7. Clone numbers should be provided for all Antibodies used.
We thank the reviewer for pointing this out and we have revised our manuscript accordingly.
8. Genetic background or source of NOD/SCID animals should be listed

We thank the reviewer for pointing this out and we have added this information to our protocol
section 1.1.1.

9. No scale bar provided in images. This would be more helpful than magnification.

We thank the reviewer for pointing this out and we have included the scale bar in our revised
manuscript (Fig. 2C)

10. Fig 2 is confusing. Are these animals CP treated alone or did they receive CP+DS, legend
of panel B suggests CP only. Furthermore, panel A suggests then animals receive treatment
after implantation yet the data in this figure does not appear to be in a model that receives any
additional treatment.

The authors apologize for this confusion. We thank the reviewer for pointing this out and we
have revised the legends of Fig. 2. The “treatment” in Fig. 2A refers to I-O therapy treatment
while “treatment” in Fig. 2B was intended to mean “CP+DS treatment”. We have corrected the
misleading legends. More specifically, the red line in Fig. 2B represents data from the group
with PBMC and tumor transplation but without CP or DS treatment (supposedly poor
humanization), while the blue line represent data from mice with PBMC+tumor+CP+DS.

It is not clear when the tumor sections were collected for IHC.

In PBMC donor and cancer cell line/PDX screens, tumors were harvested at an average volume
of 200-500 mm?, and then processed for IHC stainings. We have added this description in
protocol section 2.3 and 3.1 of our revised manuscript.



It is not clear whether the myeoablation strategy results in increased number of CD8+ T cells
that are able to engraft in these mice or a preferential recruitment/expansion/survival of these
cells within the implanted tumor.

We thank the reviewer for pointing this out. We have IHC data demonstrating a preferential
recruitment/expansion/survival of human immune cells within the implanted tumors with prior
treatment of CP+DS (Fig. 2C). In addition, CP+DS pre-treated, PBMC-engrafted mice
demonstrate significant elevation of human Alu sequence signal in the blood and spleen
compared to the non-CP treated mice, quantified by RT-PCR at 14 days post subcutaneous
PBMC injection (Suppl. Fig. 1). This suggests potentially more systemic presence of human
immune cells in the CP+DS-treated mice.

Suppl. Fig. 1
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11. The authors state: The dose regimen of cyclophosphamide might need to be pre-determined
prior to actual studies and was found to vary slightly between different immunodeficient mouse
strains". This seems to be an important finding but data in support of this statement is not
provided.

The authors would like to note that this is only an observation and have not been characterized
in details. We have some preliminary data suggesting that the more immuno-compromised
strains, e.g. NCG mice, might require lower doses of CP. However this is not a conclusion and
therefore, we do not plan to elaborate on this in our discussion. We have revised our statement
in the manuscript accordingly.

12. Page 6 In 231 "NOD/DCID"
We thank the reviewer for pointing this out and we have corrected this typo.
13. Statistical tests were not reported or discussed

We thank the reviewer for pointing this out and we have included description of statistical test in
the figure legends.
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Completed.
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Please see line 145-147.

2.2: How to monitor?

Please see line 159-161.

4.1: How to harvest? How to fix?

Please see line 179-181.
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4.5: Please add more details to your protocol steps. Please ensure you answer the “how’
guestion, i.e., how is the step performed?

Please see line 199-202.

5.7: How to wash? How to block? How to stain? Please remove the embedded figure(s)
from the manuscript. All figures should be uploaded separately to your Editorial Manager
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Protocol steps (including headings and spacing) in yellow that identifies the essential steps
of the protocol for the video.

Completed.

Please remove trademark (™) and registered (®) symbols from the Table of Equipment and
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Examples of commercial language in your manuscript include J&K, Millipore, Merck,
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Please do not abbreviate journal titles for references.
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requirements.

Step 1.2.2: If you want to film this step, step 1.1.2-1.1.3 need to be highlighted as
well. Or you can include all details in this step instead of referring to steps 1.1.2-
1.1.3.

Step 1.1.2 and 1.1.3 have been highlighted.

1.2.5: Please specify the anesthesia or euthanasia method.

Completed.

5.1: If you want to film this step, step 1.1.3 needs to be highlighted as well. Or you
can include all details in this step instead of referring to steps 1.1.3.

Step 1.1.3 have been highlighted.

5.3: Please write this step in the imperative tense. Please either include details about
implantation or provide references.
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Please check references 9, 22, 24.
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

Completed.

2. JoVE cannot publish manuscripts containing commercial language. This includes
company names of an instrument or reagent. Please remove all commercial language
from your manuscript and use generic terms instead. All commercial products should be
sufficiently referenced in the Table of Materials and Reagents. Examples of commercial
language in your manuscript include Histopaque, Vital River, HFKbio, etc.

Completed.

3. Please do not cite any reference in Abstract.

Completed.

4. Please do not highlight any steps describing euthanasia or anesthesia.
Completed.

5. Unfortunately, there are a few sections of the manuscript that show significant overlap
with previously published work. Though there may be a limited number of ways to
describe a technique, please use original language throughout the manuscript. Please
check the iThenticateReport attached to this email and rewrite lines 41-48, 176-178,
353-356, 244-247.

Line 41-48: Rephrased.

Line 176-178: Section 4.2 of the protocol represents a standard procedure for
immunohistochemistry and the authors do not think necessary to re-write this step. The
authors have nevertheless rephrased some of the statements.

Line: 244-247: Section 5.6 of the protocol represents a standard procedure for obtaining
single cell suspensions for FACS analysis and the authors do not think necessary to re-
write this step. The authors have nevertheless rephrased some of the statements.

Line 353-356: Rephrased.
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BRAh, 9 T ORUERR I ¥ S AR e, A FC ) BE = S S R REAS 2., 3l ) R ek A S P A e
TR DL o T T8 T s 5 R Hh IS I Ak o 2 R A JE
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® How the blood sample will be stored, used or destroyed?

MBFFEE AT IR G/ ?

Your blood sample will be kept in 4 degree C refrigerator, and used for cancer immunology and
immune-regulatory agent testing and research until study activities are completed. If some cases, if
there are PBMCs or T-cells isolated from the blood samples not used up, the unused blood will be
stored at -80 degree C for later time to use in the same type of study and research. Any of the blood
sample-derived immune cells will be regarded as expired after storage for one year, and discarded as
bio-waste.

TS MR ARG ORAFAE 4 CROVKA, T T AE S )2 A0 G o 55 254 71 (O A DU RIE 7, L B BIE 0356 3 52
Jio BRI SR MR A p 23 85 HH SR (41 A i A% A R T AR A TR, A BIRIAR B0 K ORAFAE-80°CIAE
o, BELUE R R SRS A A o AR AT IR A R SR B S BE AN AE DR AP — SRR A O ), AN
LRSI AL

® Are there any benefits participating in this research?

S EBIELR T LR ?

There are no benefits to you should you decide to participate in this study. You will not receive
any results from tests done on your blood, because they have no reliable meaning at this time.

S H5ARERBA LA EASWEUEAT MBI IEE R, B LR LS 2% 5 L.

® Are there any risks from participating in this research?

S E5RIERN G HEETRRMNG?

A risk of providing blood is mild to moderate pain at the site of the needle puncture into your
vein. Other risks are redness, minor bleeding, swelling and a bruise at the site of the needle puncture
or, rarely, an infection. = Some people feel dizzy or faint when blood is taken; however, most
people do not experience any problems.

BRI — AN RSO S Bt I A A #6727 A e 2 v B o At S AT BT AR 2L o
AR, R, WATEOUT SIS di, A ASER R, BERR, HRRMO AN
AAEAT 1A o

®  Other important information you should know.

B ZRIBE ) R B 5

v' Any identity information or health information you may provide will be kept confidential,
unless its disclosure is permitted by law. Information created or collected in this research
may be shared with other researchers, but none of it can be traced back to you. Your name
will not be used in any publication or presentation thatmay result from this research.
BRAREHREAE 75 AT RESR AL A AR AT N S 0045 AN B S A0 DR . AR S A slfic R 1
FREATRES S HAN SR RO, EREASIBWIRNE. BT AR A IR 8RR A 2
PRS2

v" We will not notify you every time your sample and information are used. For any use of your
samples in the same type of study and research in the future, there will be a new consent process
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for such study and research. You can decide then if you would like to take part.
R SRR S RO R AR SR (PR S B A 75 AR R R B AT S T R, 16 2243 Wi 10
AEAAE. TR SR B S

v" You will not receive any compensation if the results of this research are used towards the
development of a commercially available product.

A WCENEATHMNG,  RIAE A SZI6 i 45 2R T IT ACH i m] REPERT ™ i

v" You will not be paid to participate in this study because the donation is completely on
your willingness and voluntary base. However, BeiGene will make a small amount of
nutritional compensation the donor.

SINABT TR TR, BUORRIL R H B BAT M. (B, FF MR ek 2 A s> 88 77 9%

v" You may choose to withdraw your consent to provide blood at any time. You may withdraw
your blood from use in this research at any time. If you wish to withdraw your consent or
to remove your blood from use in the study, please contact the researcher in writing. If your
blood has not already been used up by the researchers, any blood that remains will be

destroyed.
ST DA P e S0 0] 5 o0 TR L i) ) e e iR T IS, ST R UK I B AR 7T o o R A AR )
[Fi) 5 BICRE LB AT T, 35 P IR AR AT 7T 5 o WOR S MG ¥ I 58, AR AT A I v
R e Lo

v" Questions about this study or concerns about a research-related injury should be directed to
the researcher in charge of this study.

YA AT SR T AN ST 04 1) R O S AR AR S 15 5 TS g, 18 BRI R ARSI 15T A .

Name of Kang Li/Lai Wang

wEd . ZERETR

Telephone number of Kang Li: +86 10 5895 8231, Lai Wang, 86 10 5895 8221
MG ZERE: +86 10 5895 8231, VER: +86 10 5895 8221

If you have questions, concerns, or suggestions about human research at BeiGene (Beijing)Co.,Ltd.,
you may call the Dr.Kang Li or Dr.Lai Wang at the phone number mentioned above.

WAEAEM T AN D VR R A RN ASLR R, SEEsia L, HEaHE L
SR A

Consent: I have read the above information and have been given an opportunity to ask
questions. I agree to provide blood for this study “TESTING AND CHARECTERIZATION
OF IMMUNE-REGULATORY AGENTS IN HUMAN IMMUNE CELLS AND CANCER
IMMUNOLOGY RELATED ISSUES”. I consent voluntarily to have my blood samples
stored and used in the manner and for the purpose indicated above, and I have been given
a copy of this signed consent form for my own records.

AR O EEE, AR . FF BT “ SBRT 48075 A bk
T 248 Hfd 9 1 P AL 28 AR 92 280 E BT 5T B A SR B G RE o 1R R KRR ikl . 3R ) R
RELL BRI B 9 L7 S A AR A N e A . O~ BB RAE RS S.
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Participant's Printed name

Z5 Nk

Signature

G2

Date
H #
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Blood donor's health info sheet
Wk I {8 RS B3R

Your Name / #:44:

Gender / 5

Department/ #f1:

Please check on the answer to following questions

2035 DA ) ) 2 5

Yes

o Z

1. Are you having flu, diarrhea and other infectious diseases?
H AT 5 AR IRYE B At A% G 2

If yes, please stop here. You may come back after recovered.

WARSE, HFIEAEE . AT DIER R AR5 1 2 AT 7T

2. Have you experienced hepatitis B, or hepatitis A viral infection in last
oneyear?

eI & — R S L ST B 2

3. Have you received any treatment for HBV, HCV and HIV infections, or
receive any medications for the infections in last one year?
BRI AT M XTHBY HCV BRHIV EHRMIG)T, Bl 42 f
PESL AR R XS LRI AL 253677 ?
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