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25 SUMMARY:
26  We developed a simple flow cytometry assay for evaluating the binding of PD-1-blocking
27  antibodies to T cells, requiring only a drop of peripheral blood from cancer patients.
28
29  ABSTRACT:
30 Immune checkpoint inhibitors, including PD-1-blocking antibodies, have significantly improved
31 treatment outcomes in various types of cancer. The pharmacological efficacy of these
32 immunotherapies is long lasting, extending even beyond the discontinuation of their injections,
33  due to persistent blood concentrations. This means that immune-related adverse events (irAEs)
34  caused by over-activation of the immune system can have extended durations as well. Since the
35 clinical use of anti—PD-1 antibodies and the frequency of irAEs are increasing, it is becoming
36 increasingly important to determine adequate strategies for immunosuppressive treatment to
37 controlirAEs, and to identify the optimal times to start subsequent therapies after PD-1 inhibitors.
38 Here we developed a simple flow cytometry assay to evaluate the T cell binding status of the PD-
39  1-blocking antibodies nivolumab and pembrolizumab. Like a glucose test, this assay requires just
40 a single drop of peripheral blood. Visualizing antibody binding on T cells is more reliable than
41  measuring antibody blood concentrations. In addition, if necessary, we can potentially analyze
42  many distinctive immune-related markers on T cells bound to PD-1-blocking antibodies. Thus,
43  this is a simple and minimally invasive strategy to analyze the pharmacological effect of PD-1—
44  blocking antibodies in cancer patients.
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INTRODUCTION:

PD-1-blocking antibodies have become the standard choice for treatment of various types of
cancer, including non-small cell lung cancer (NSCLC)'*. They show a remarkable therapeutic
effect in a subset of cancer patients who have not responded to conventional cytotoxic
chemotherapies. However, immune checkpoint inhibitors (ICls), which include PD-1-blocking
antibodies, can cause a unique and distinct spectrum of adverse events, termed immune-related
adverse events (irAEs)>. Although irAEs can affect almost all tissues, they are most commonly
observed in the gastrointestinal tract, endocrine glands, skin, and liver, and they can cause
pruritus, rash, nausea, diarrhea, and thyroid disorders®’. In general, most irAEs appear within 1
to 2 months after the initiation of ICls. However, in some cases, they can occur later than 1 year
after the beginning of treatment or even after treatment cessation®’. They also cause various
symptoms that may be difficult to discriminate from other pathologies. Thus, it can be
challenging to promptly diagnose irAEs and treat them appropriately. irAEs can affect all tissues,
and their onset is strongly influenced by circulating immune cells, especially T cells bound to PD-
1-blocking antibodies. Therefore, a straightforward and minimally invasive method to monitor
antibody-targeted T cells is important in clinical settings.

Here, we developed a simple method to assess the binding of PD-1-blocking antibodies to T cells
using a drop of peripheral whole blood from cancer patients who received nivolumab or
pembrolizumab. Using this approach, we were able to monitor each of the following: 1) the
duration of antibody binding to T cells, 2) the occupancy of T cell PD-1 molecules by therapeutic
antibodies, and 3) the activation status and immunological features of T cells. This method is a
modification of a previously reported technique®. The amount of blood required is almost the
same as that needed for a glucose test, and the approach does not require mononuclear cell
enrichment or co-culturing with PD-1-blocking antibodies. We confirmed that this method can
also be performed using frozen samples, including peripheral blood mononuclear cells (PBMCs)
and cells from pleural effusion, pericardial effusion, bronchoalveolar lavage fluid, and
cerebrospinal fluid, suggesting that this strategy may be useful in the context of a multicenter
study. This method may facilitate the early diagnosis of irAEs, and also help to determine the
appropriate immunosuppressive treatments to control their symptoms and to identify the
optimal times to initiate subsequent therapies after PD-1 inhibitors.

PROTOCOL:

Sampling was performed during routine clinical procedures. All human samples were obtained
after informed consent was provided by the subjects, in accordance with the Declaration of
Helsinki and with the approval of the ethical review board of the Graduate School of Medicine,
Osaka University, Japan (15383 and 752).

1. Whole blood sample preparation and staining

1.1. Collect whole blood samples into blood collection tubes containing ethylene diamine tetra-
acetic acid (EDTA).
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NOTE: Blood collection can be performed using either a regular needle or a blood lancet.

1.2. Transfer 20 uL of whole blood samples to 5 mL round-bottom polystyrene flow cytometry
tubes.

NOTE: To reduce non-specific binding of cells to tubes, 1 mL of 2% fetal bovine serum (FBS) in
phosphate buffered saline (PBS) is added into tubes and vortexed for 10 s before application to
samples.

1.3. Add 20 pL of 2% FBS in PBS.

1.4. Add 10 pL of human-specific FcR blocking reagent. Mix well and incubate for 15 min at room
temperature.

1.5. Add 500 pL of red blood cell lysis buffer. Mix well and incubate for 10 min at room
temperature.

1.6. Add 4 mL of 2% FBS in PBS and spin down cells at 400 x g (1500 rpm) for 5 min at 4 °C. Remove
supernatant by aspiration.

1.7. Repeat the wash and aspiration process described in step 1.6.
1.8. Re-suspend cells in 100 pL of 2% FBS in PBS and divide into two tubes of 50 uL each.

1.9. Add surface marker antibodies (Table 1). Mix well and incubate for 20 min at room
temperature in the dark.

NOTE: When profiling the T cell immune status, the number of markers can be increased based
on the flow cytometry machine quality.

1.10. Wash samples 2x as described in step 1.6.
1.11. Resuspend cells in 200 uL of 2% FBS in PBS.
2. Flow cytometric analysis

2.1. Insert tubes into the flow cytometer and acquire cells, basically following the recommended
protocol®.

2.2. Record 10,000 events as the lymphocyte gate (Figure 1A) and export flow data as .fcs files
for analysis.

2.3. Open files in the analysis software. Visualize the cells on a forward scatter (FSC) (A) vs. side
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scatter (SSC) (A) plot and gate lymphocytes (Figure 1A).

2.4. After selecting single cells using FSC (H) vs. FSC (W) and SSC (H) vs. SSC (W) (Figure 1B) and
displaying them on a CD3 vs. CD8 or CD3 vs. CD4 plot, gate the CD8 T cells and CD4 T cells,
respectively (Figure 1C).

2.5. After selecting the gated cells and displaying them on a PD-1 vs. human IgG4 plot, identify
PD-1-blocking antibody—bound CD8 and CD4 T cells based on isotype control (Figure 1D).

REPRESENTATIVE RESULTS:

The gating strategy and flow cytometry analysis (Figure 1) can detect PD-1-blocking antibody
binding to T cells obtained from a drop of NSCLC patient peripheral blood. Before PD-1-blocking
antibody is administered, no human lgG4-positive CD8 or CD4 T cells are present, and PD-1
expression can be confirmed by a PD-1-detecting antibody (EH12.1) (Figure 2A). After nivolumab
or pembrolizumab administration, IgG4 (nivolumab, pembrolizumab) can be detected on T cells
by anti-lgG4 antibody (HP6025) whereas the PD-1-detecting antibody EH12.1 does not recognize
any PD-1 on T cells because therapeutic PD-1 antibodies disturb EH12.1 binding. This means that
we are indirectly measuring the therapeutic binding of PD-1-blocking antibody based on the lack
of binding of PD-1-detecting antibody. Representative data show the different binding statuses
of PD-1-blocking antibody (Figure 2A). Nivolumab and pembrolizumab binding and occupancy of
PD-1 on T cells decrease over time!®, and there is partial binding (PB) and finally complete loss of
binding (LB), the latter of which is shown in the double-positive area (Figure 2B).

FIGURE AND TABLE LEGENDS:

Figure 1: Representative gating strategy to evaluate PD-1-blocking antibody binding to T cells
from a drop of peripheral blood. (A) FSC (A) vs. SSC (A) plot and gating of lymphocytes. (B)
Doublets are excluded by drawing gates around the main cell population on plots of FSC (H) vs.
FSC (W) and SSC (H) vs. SSC (W). (C) CD3 vs. CD8 plot (upper) and CD3 vs. CD4 plot (lower) and
gating of CD8 T cells and CD4 T cells, respectively. (D) PD-1 vs. human IgG4 plot and detection of
the binding of nivolumab (a PD-1-blocking antibody) to CD8 and CD4 T cells. Orange dots and
black dots indicate anti-IgG4 antibody and isotype control staining, respectively.

Figure 2: Representative flow cytometry analysis indicating the change in binding status of PD-
1-blocking antibodies. (A) Staining of PD-1 and human IgG4 in CD8 T cells from ICl-pretreated
patient blood was evaluated by flow cytometry (left). Ten microliters of pretreated blood was
treated with serial dilution of nivolumab for 15 min, and steps 1.4 to 1.10 of the protocol were
completed. Complete binding (CB) (red), partial binding (PB) (blue), and loss of binding (LB)
(green) are defined by the indicated gates. (B) The status of PD-1-blocking antibody binding to
CD8 T cells was analyzed at the follow-up time points, as indicated, in NSCLC patients who
discontinued nivolumab and pembrolizumab.

Table 1: Antibodies used in flow cytometric analysis.
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DISCUSSION:

In this article, we report a method using a flow cytometer to detect PD-1-blocking antibodies
bound to T cells derived from a drop of peripheral blood, which we originally developed for
nivolumab detection?®. Although this technique is very simple and easy to perform, two
important points should be noted in order to obtain accurate results. One is that to detect PD-1
molecules, an appropriate antibody that competes with nivolumab and pembrolizumab should
be used. This issue was evaluated in a previous study'!l. The other is that RBC lysis should be
performed thoroughly before surface staining. As long as an isotype control is established for
each assay to determine the gate of the lgG4-positive cluster, the frequency is unaffected.
However, with this protocol, when RBC lysis is insufficient there may be reductions of both the T
cell count in the lymphocyte gate and of the intensity of each surface marker. In addition, the
RBC lysis step must be performed before surface staining, otherwise the anti-lgG4 antibody
(HP6025) does not function properly.

The limitation of this method is that the population of T cells bound to PD-1-blocking antibodies
include specific T cell clones responsible for therapeutic effects and irAEs; however, the
frequencies of these specific clones among the antibody-bound population are quite low.
Therefore, we still need to enrich the specific target using certain markers, for instance CD39%2.
Another limitation is that the fluorescence intensity of 1gG4 is not high in some cases, which
makes it difficult to determine binding status (i.e., PB and LB).

Other studies have monitored therapeutic PD-1 antibodies in the blood to evaluate
pharmacokinetics. Measuring the plasma concentration of nivolumab or pembrolizumab is
essential to determine how the residual amount of these antibodies in blood correlates with
time. However, we previously reported that the concentration of nivolumab does not completely
correlate with residual binding to T cells!?. Compared to the measurement of plasma antibody
concentration!?, our method may be more appropriate for evaluating the residual binding of
anti—PD-1 antibodies to T cells. The original method of monitoring nivolumab binding to T cells
in blood required incubation with fluorescence-labeled nivolumab®. We simplified this approach
and succeeded in substantially reducing the assay time and the amount of blood needed for
analysis.

Frozen cells can also be analyzed using this assay, suggesting that this method is a good fit for
multicenter studies. The usefulness of this approach will be further enhanced by combining
monitoring binding status with other immunological markers, such as Ki-67, of T cells bound to
PD-1-blocking antibodies®C. Future studies should use our method in conjunction with single-cell
RNA sequencing and T cell receptor sequencing to try to identify and characterize the specific
subsets of T cells that are bound to PD-1-blocking antibodies and are responsible for irAEs.
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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 technically
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 Item 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 behalf
if JoOVE 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.
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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
elsewhere 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
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, 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:

Shohei Koyama
Department: j . .

Department of Respiratory Medicine and Clinical Immunology
Institution: Osaka University Graduate School of Medicine
Title: M.D., Ph.D.
Signature: Shotter Royama Date: | July 27th, 2019
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Based on the editorial's and reviewers’ helpful comments, we revised the manuscript
and figure and addressed the reviewers’ concerns.

Editorial comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues.

2. Please use ‘mL’ and ‘UL’ instead of ‘ml’ and ‘yl’, including in figures. Please
ensure there is a space between numbers and corresponding units (except %).

3. JoVE cannot publish manuscripts containing commercial language. This
includes trademark symbols (™), registered symbols (®), and company names
before an instrument or reagent. Please limit the use of commercial language from
your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials and Reagents.

For example: Falcon, Miltenyi Biotec, Thermo Fisher Scientific, eBioscience, BD®,

FACS Canto Il, abcam®, Flowjo BD

We appreciate these helpful comments. We edited and corrected all relevant units and

symbols.

Protocol:

1. Please include an ethics statement before the numbered protocol steps,
indicating that the protocol follows the guidelines of your institution’s human
research ethics committee.

2. For each protocol step, please ensure you answer the “how” question, i.e., how

I+


https://www.editorialmanager.com/jove/download.aspx?id=1109240&guid=53edfda6-b5e3-4016-ba8e-68172d1c0544&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1109240&guid=53edfda6-b5e3-4016-ba8e-68172d1c0544&scheme=1

is the step performed? Alternatively, add references to published material
specifying how to perform the protocol action. If revisions cause a step to have
more than 2-3 actions and 4 sentences per step, please split into separate steps

or substeps.

Thank you for these comments. We added an ethics statement and revised protocols.

Figures and Tables:

1. Please remove the embedded figures and tables from the manuscript.

2. Please upload Table 1 as an .xls/.xIsx file in your Editorial Manager account.

3. Please upload one file per figure (2 in total). Please remove ‘Figure 1’ and ‘Figure
2’ from the figures themselves.

4. Figure 2B: Please use ‘weeks’ instead of ‘w’.

In accordance with your comment, we edited the figures and manuscripts.

References:

1. Please do not abbreviate journal titles.

Thank you for this comment. We applied the JOVE EndNote style for references.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and

equipment used, especially those mentioned in the Protocol.



2. Please remove trademark (™) and registered (®) symbols from the Table of

Materials.

We edited the Table of Materials according to the editor's comment.

Reviewers' comments:

Reviewer #1.:

JoVE60608

Summary:

In this manuscript the authors describe a simple method to identify immune
related adverse events after anti-PD-1 therapy. This assay identifies the binding of
PD-1 antibody to T cells and can performed using peripheral blood and as simple
as glucose test. This assay is advantageous than measuring antibody
concentrations as once can visualize the binding of the antibody to T cells and
also can further measure other immune-related markers using flow cytometry.
Overall this manuscript is a very interesting and timely. However, the following

comments need to be addressed to improve the overall quality of the manuscript.

Specific comments:
1. A Lancet and lancet device for blood collection would be simpler than using a

needle. 100-200 ul of blood can be obtained using a lancet.

We appreciate this helpful comment. We replaced the glucose test needle with a blood

lancet.



2. Why does the authors perform FCR blocking prior to the RBC lysis?

Thank you for this helpful comment. We used eBioscience 10XRBC Lysis Buffer (Catalog
Number: 00-4300). According to manufacturer’s protocol, we originally performed Fc
blocking and cell surface marker staining before RBC lysis. However, we found that this
RBC lysis step quenched PE-conjugated anti-lgG4 antibody HP6025 from Abcam
(ab99825). Therefore, we performed Fc blocking before RBC lysis, and surface staining

after RBC lysis. We describe this in the discussion section.

3. The authors need to cite a study or perform experiments to confirm that

therapeutic PD-1 antibodies block the EH12.1 PD-1 antibody binding

We cited “Zelba H et al Cancer Immunol Immunother. 2018 Dec;67(12):1845-1851" as

reference 11.

4. The authors need to describe adequately that the they are measuring anti-PD-1
antibody binding based on no binding of PD-1 antibody. While this is acceptable,

this is indirect way.

We appreciate this helpful comment. We added the following sentence to the
representative results section: “This means that we are indirectly measuring the
therapeutic binding of PD-1-blocking antibody based on the lack of binding of PD-1—

detecting antibody.”


https://www.ncbi.nlm.nih.gov/pubmed/?term=Accurate+quantification+of+T-cells+expressing+PD-1

5. Does this method work with all annti-PD-1 antibodies in the market.

We appreciate this helpful comment. We confirmed that PD-1 on T cells showed
competitive binding with EH12.1 and both nivolumab and pembrolizumab, the latter of
which are clinically available for lung cancer patients in Japan. Another study (reference
11) demonstrated that other commercially available PD-1-detecting antibodies also bind

PD-1 competitively with nivolumab and pembrolizumab.

6. The authors need to cite studies which describe multicolor flowcytometry in

detail (Bommareddy PK et al J Biol Methods. 2019;6(2)

We cited “Bommareddy PK et al J Biol Methods. 2019;6(2)” in the protocol section as

reference 9.

Overall the manuscript is well written and interesting, these comments need to be

addressed to improve the quality of the manuscript.

Reviewer #2:

Manuscript Summary:

Immune checkpoint inhibitors, including PD-1 blocking antibodies, are now widely
used as immunotheraputics for multiple types of cancer because they have been

show to be highly effective at improving outcomes. Blocking the PD-1 pathway



has been shown to increase the function and killing capacity of tumor specific T
cells leading to enhanced clearance of cancer cells. However, the use of
checkpoint inhibitors, including anti PD-1, are also associated with immune
related adverse events and it has been shown that T cells bound to PD-1 blocking
antibodies play an important role in the onset of these immune-related adverse
events so determining the level of PD-1 on cell after blocking antibodies are given
is potentially a way to facilitate the early diagnosis of irAEs and help determine
the appropriate dosing of of anti PD-1 antibodies. This manuscript details a
method to assess the level of anti PD-1 on T cell in the blood. It was designed as
a screening test to determine the level of anti PD-1 binding in subject receiving
PD-1 blocking antibodies as part of immunotherapy for various types of cancer in
hopes that it will help predict irAEs. A rapid assay like this could be useful in may

clinical setting.

Major Concerns:

Why use only 20 uls of blood? Is this representative and are the numbers of T cell
analyzed sufficient to accurately determine the level of PD-1 binding. Using more
blood would potentially make the assay more rigorous. Conversely shown data
that larger volumes of blood provide the same information that 20uls does would
be helpful. Only 10,000 events are collected which is fairly low for a flow cytometry-

based assay.

We appreciate this very helpful comment. It is true that larger volumes and cell counts

can potentially make the assay more rigorous. Originally we evaluated 100 uL blood



samples according to the protocol of eBioscience 10XRBC Lysis Buffer (Catalog
Number: 00-4300). However, titration assays confirmed that the frequency of antibody
binding was no different between 20 pL and 100 pL. We also focused on reasonable
antibody volumes and RBC lysis efficiency to simplify the assay while still retaining good

accuracy.

Case 1 Case 2
20pL blood 100pL blood 20pL blood 100pL blood

CD8T *
cells | ] 4 1
] 345 ]

27.0 f 26.1

16.1 3 15.1

How well does PD-1 binding in the blood reflect PD-1 of T cells in tissues. All the

irAEs occur in tissues and thus it is the most important site to assay.

Thank you for this comment. In cases of irAEs, specific types of tissues can be collected
if biopsies can be performed. Although we do not have data from isolated biopsy samples,
we were able to confirm antibody binding to T cells in bronchoalveolar lavage and
cerebrospinal fluid from patients who developed interstitial lung disease and aseptic
meningitis, respectively (data shown below). Because it is very important to explore this issue,

future experiments will focus on biopsy samples.



irAE case 1 : Interstitial lung disease iIrAE case 2 : Aseptic meningitis

Chest Xray Broncho-alveolar lavage
— N | CD8T cells Characteristics of Cerebrospinal Fluid

Total cells: 79 cells/pL
4 Polymorphonucleocytes: 3 cells/pL
3 Lymphocytes: 76 cells/ UL

Cerebrospinal Fluid Analysis

CD4T cells CD8T cells CD4T cells

PD-1
PD-1

ChestCT

The authors mention that the RBC lysis set is critical and that if not done properly
the result are suspect. Including a control to ensure that the RBC lysis work

appropriately would strengthen the test.

We appreciate this helpful comment. Basically, it is important to check if the macroscopic
appearance of the solution is clear before staining. As long as an isotype control is
established for each assay to determine the gate of the IgG4-positive cluster, the
frequency is not affected. However, using this protocol, if RBC lysis is insufficient there
may be reductions both in the T cell count in the lymphocyte gate and in the intensity of

each surface marker. We included this explanation in the manuscript.
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Some data that links this test with clinical outcomes would strengthen the
manuscript. The authors report a similar test had been developed but it appears
none of the authors on this paper were part of that study. It seems to me that they

need to show this assay does indeed correlate with irAEs.



We appreciate this helpful comment. The authors of this manuscript mainly work on
developing novel and useful analysis methods for clinical specimens. We also work
together with physicians in our department to collect specimens. As described in our
previous report (Osa et al JCI insight 2018, reference 10), we would like to apply this
strategy to further evaluate the efficacy of PD-1-blocking antibodies and clarify the
mechanism of irAE. irAE is a systemic disease, and collecting biopsy samples from
affected tissues is sometimes difficult. At the same time, a subset of circulating T cells
bound to PD-1-blocking antibody can recognize autoantigen because treatment triggers
the onset of irAE. We confirmed that our method was applicable to liquid samples from
a limited number of irAE cases. Future research will focus on applying this strategy to
analyzing biopsy samples, combining with TCR sequences of antibody-bound T cells,

and antigen screening using collected tissue samples.

irAE case 1 : Interstitial lung disease iIrAE case 2 : Aseptic meningitis

Chest Xray Broncho-alveolar lavage
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