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AbStI’aCt Flow cytometry: Following culture, cells were harvested and stained with Invitrogen™ LIVE/DEAD™ Fixable : . : . . A . . .
. P . ' . . . . F . TCR st lat It lat f activat liferat k It T .
. - , . . ) , ) Olive (557 nm) Viability Kit (L34977, Thermo Fisher Scientific), then surface stained with CD45, CD3, CD4, |g|;|ure 3. TCR stimulation results in upregulation of activation and proliferation markers in cultured CO nc | usions
The cytotoxic capabilities of T cells are being leveraged for immunotherapeutic approaches in the fight against CD8, CCR7, CD45RA, CD25, CD127, CD154, CD223, CD69, KLRG1 in the presence of Brilliant Stain cells
cahcer. These treatments have demonstrated sigr?ificant p.rlo.mise thus far- and warrant refinement to increas.e . Buffer. F_0_||0Wing surfgce st_aining and Washing _in Flow Cytometry Staining Buf_fer_, cells were fixed, N ' | o ' Some key takeaways from this panel and opportunities for further optimization are listed below.
efficacy, reduce unwanted effects, and expand their capabilities to more diverse tumor types. As such, continuing permeabilized, and stained intracellularly with Ki-67, HELIOS, and CD152, again in the presence of Brilliant Figure 3A. CD25, CD69, CD223, Ki-67, CD152, and CD154 expression in unstimulated (top) and TCR-
to broaden our understanding of T cell biology at a basic research level is critical for developing the next Stain Buffer. Single-color controls and fluorescence minus one (FMO) controls were included for all stimulated (bottom) CD4+ T cells. All gates were drawn using FMO controls (not shown). . Unsurprisingly, TCR stimulation significantly upregulated CD25 expression on most CD4+ T cells, leading to
generation of T cell immunotherapeutics. fluorochromes in this panel. Data were acquired on a Cytek® Aurora S-laser spectral flow cytometer and difficulty in identification of T cells using the CD25+CD127low expression profile. The resulting majority of
analyzed using SpectroFlo® software. Unstimulated CD4+ Cells CD4+ cells that met this criteria were not likely to be suppressive cells, and expression of HELIOS is instead

Spectral flow cytometry enables recognition of the unique spectral signature of individual fluorophores and
facilitates the addition of more antibodies by accommaodating fluorophore combinations which are incompatible on ReS u ItS
conventional cytometers. An increased availability of fluorophore-conjugated antibodies for surface and

intracellular antigens in the ultraviolet and violet laser range enable researchers to deepen their understanding of
T cell activation and function with more flexibility in adding markers of interest. Here, we developed an optimized

A0M- 4.0M - 4.0M

thought to be a more accurate representation of the Treg subset in this context. This is supported by the
observation that CD25+HELIOS+ and CD25+CD127low percentages are similar in the unstimulated cells
that have not upregulated CD25. The transcription factor Foxp3 can be included in future iterations of this
panel for further confirmation of Treg characterization.
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Initial gating (data not shown): Two singlet gates, one based on Forward Scatter (FSC-A vs FSC-H) and one
based on Side Scatter (SSC-A vs SSC-H) were applied to exclude any coincident events from further analysis.
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panel for the investigation of human T cell differentiation, activation, proliferation, and function. This panel Lymphocytes were then identified based on FSC-A vs SSC-A profile, followed by gating of viable lymphocytes e e . : e , e . - +  We observed unexpectedly low-to-absent levels of CCR7 expression in the unstimulated cultured cells, and
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demonstrates consistent and robust characterization of in vitro-activated human T cells, while leaving most using viability dye vs CD45. T cells were identified based on CD3 staining, then further subdivided based on conspen - i suvrira F— 15 Ap e 0 very high levels in the TCR-stimulated cells, making it difficult to identify some of the differentiation subsets
channels on the blue, yellow-green, and red lasers available for additional markers of interest. This approach CD4 and CD8 staining. All populations percentages were within published ranges for normal donors. _ based on CCR7 and CD45RA expression. This can be further investigated by staining uncultured PBMC in
lends itself additional customization, facilitating deeper insights from a single, limited sample enabled by the broad TCR-stimulated CD4+ Cells parallel to the unstimulated and TCR-stimulated cells in order to assess levels of CCR7 expression ex vivo
availability of fluorophore-conjugated antibodies supporting these laser lines. Figure 1. HELIOS transcription factor allows for reliable characterization of T regulatory population in o] som] 4om-] 4om] o] and compare those to cultured cells during analysis. Additionally, CCR7 PE-Cyanine 5.5 single-color
cultured cells . i som]. g I P ’ controls were observed to express higher levels of this antigen than the fully-stained samples, indicating a
Introduction Unstimulated (left) or stimulated (right) CD4+ cells were analyzed for expression of CD25 and CD127 in order g 1 14 3 1.1 3 possible inhibition of CCR7 staining in the presence of other antibodies (data not shown). This can be
to identify the T regulatory population, defined as CD4+CD25+CD127low. As CD25 was observed to be g R s " 8 mitigated by pre-staining CCRY7 prior to the other surface antigens in future attempts to repeat.
Immune checkpoint blockade targets the inhibitory signals that occur during T cell activation, allowing a patient's T upregulated upon cell stimulation, a majority of the CD4+ cells met the criteria for Treg subsets as described o] =8 T - > IR _ _ _ . o L o .
cells to overcome the regulatory mechanisms that promote immune tolerance and mount an anti-tumor response. above. The Treg transcription factor HELIOS was included as an additional discriminating marker, and the oy S — e — . e * TCR stimulation resulted in upregulation of most activation and proliferation markers in this panel, with a
These therapies have revolutionized the treatment of various cancers, with treatments against a broad range of HELIOS+ populations below are thought to more accurately represent the suppressive CD4+ T cell population T en * comenn T e " comeea * cotsmpcaromion minimal increase in CD154. This panel can also be attempted using cells that have undergone stimulation

in this experiment. with peptides or other physiologically relevant treatments to assess activation under those conditions.

tumor types approved for use in patients and the expansion of these applications likely. While these therapies Figure 3B. CD25, CD69, CD223, Ki-67, CD152, and CD154 expression in unstimulated (top) and TCR-

have demonstrated significant promise, they are often associated with significant immune-related adverse effects, 1A 1B stimulated (bottom) CD8+ T cells. All gates were drawn using FMO controls (not shown). Overall, this panel allows for robust identification of surface and intracellular antigens critical for identification of
as the targzted pathV\(/jays afedhecefssﬁry for EOSF pfOtECtr'?nda?]amSt autmmr;:um.ty. qurther rzsearch IS C“tlgfﬂ fth - ] _ ) coase corzriow . ‘ _ T ceII.s within a mixt_ad Iymphgcyte pp_pulation and for assessing their.mgtL_Jration and activation sFaltus, while qlso
promote a deeper un ersta_n Ing of the mechanisms be |r_1 these approac es In order to re_ uce unwante ? ects : Unstimulated CD8+ Cells allowing for customization with additional markers relevant to users’ individual research. The Brilliant™ dyes in
and increase the overall efficacy of these treatments, making the continued study of T cell biology an essential < oo coramon o 10 < < - - - o our portfolio of reagents facilitate panel building in both spectral and conventional flow cytometry by providing a
field in immunology. ; 52 Parent. 1.91 ¢ £ : 104 broad range of options across the ultraviolet and violet spectrum.
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Our aim in designing this panel was to enable T cell research through robust detection of key differentiation, ] . A % "1 < | J— . | e - corees ] corse
activation, and proliferation markers. The surface antigens CD197 (CCR7) and CD45RA were used to identify °F - B © i1 3 . . . 0 Referen ces
four maturation subsets of T cells: CCR7+CD45RA+ naive cells (TN), CCR7+CD45RA- central memory cells - P e T 1;"“"““&5:5"“ " " A ° A TR T n}n',i. - 1w o] e o] i ol Bl
(TCM), CCR7-CD45RA- effector memory cells (TEM), and a population of effector memory cells that regains cotzr vt HELIoS BViso-A J— HELIOS BVAS0-A e o e rer—— e 1 Paluch C. Santos AM. Anzilotti C. Cornall RJ Table 1. Antibody panel
CD45RA expression, CCR?-CD45RA+ TEMRA. The latter two p_opl_JIatl_ons wer(_a furthe_r d|V|d§d based on Figure 1A. Unstimulated CD4+ T cells: note similar Figure 1B. TCR-stimulated CD4+ T cells: cozspEA cozza Buvssra Ki7 BUVT3TA co1s2 Buveos.A D154 APC.oFiuor TaDA Davis SJ. Immune Checkpoints as Therapeutic —
expression of CD127 and KLRG1, with CD127-KLRG1+ subsets indicating terminally differentiated cells. The percentages of CD25+CD127low and upregulation of CD25 upon stimulation results in TCR-stimulated CD8+ Cells Targets in Autoimmunity. Frontiers in Specificity Fluorophore Catalog No.
antigens CD25, CD69, Ki-67, CD154 (CD40L), Cb223 (LAG-3), and CD152 (CTLA-4) were |n'clgded as markers CD25+HELIOS+ populations in cells that have not difficulty characterizing Treg based on CD25 and ol o] ol - Immunology (2018) 8 (9): 2306 CcD45 Brilliant™ UV 395 363-0459-42
of proliferation and activation. Lastly, the transcription factor, HELIOS, was added as an identifying marker of T upregulated CD25 due to stimulation CD127 expression. In this case, HELIOS is likely to 1 coess.coss A
regulatory cells. be a more accurate representation of the Treg 3 2o R 2. TianY, Babor M, Lane J, Schulten V, Patil VS, CD3 Brilliant™ UV 496 364-0038-42
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In order to provide flexibility for future modifications and expansions of this panel, we heavily leveraged Figure 2. Unstimulated cells downregulated CCR7 expreision upon culture, while significant g ’ ! feggs)grsdii-g%iilaez il‘il_';lrjmzékzlgr?rgz G[,)eBureI CD4 Super Bright™ 702 67-0049-42
fluorophores O.n the ultraviolet .and. violet channels, leaving many channels open on the yellow-green, biue, and red upregulation of CCR7 was observed in TCR-stimulated cells2 o R Silva AD, Premawansa S, Premawansa G, CcD8 Super Bright™ 780 78-0088-42
laser lines available to customization. 1/ P P P L AR A R AR~ M-S At e i R Wijewickrama A, Greenbaum JA, Vijayanand P, ja— e 19.0950.4
Aoprox nm uv violet Blue Aoproxm [TRCE  Red | Figure 2A. Unstimulated CD4+ and CD8+ T cells were analyzed for expression of CD45RA and CCR7 e compuvse e corusesa coisanstuerent Weiskopf D, Sette A, Peters B. Unique i i
i (372) - — - — = — = = maturation markers and gated to indicate CD45RA+CCR7+ TN, CCR7+CD45RA- TCM, CCR7-CD45RA- TEM, phenotypes and clonal expansions of human HELIOS Brilliant™ Violet 480  414-9883-42
e (I S22 v o — - - - - - and CCR7-CD45RA+ TEMRA. Note loss of CCR7 expression in unstimulated cells. TEM population was Figure 3C. Percentage of unstimulated and TCR-stimulated cells expressing activation and proliferation CD4 effector memory T cells re-expressing > _
vs ) ) = — — - — — further divided based on CD127 and KLRG1 expression, with KLRG1 staining indicating terminally markers among both CD4+ and CD8+ subsets. Note upregulation of most markers upon stimulation in both T CD45RA. Nat Commun. 2017 Nov CD127 Brilliant™ Violet 421  404-1278-42
R ——E — — = — — differentiated cells. There were too few events in the TEMRA subsets to further investigate KLRG1 staining. cell subsets, with exception of CD154. 13;8(1):1473. CD69 Brilliant™ Violet 650  416-0699-42
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e 2z CD223 BUV563 i) B2 5tz LivelDead Olive — — = = 2A Total CD4+ CD4+ T-EM Total CD8+ CD8+ T-EM 3. Renkema KR, Huggins MA, Borges da Silva H, CD197/CCR7 PE-Cyanine 5.5 35-1979-42
— — V9 (598) 85 (598) Y62 (598) — — ] rom TV . . . . Knutson TP, Henzler CM, Hamilton SE.
2aois1 ) e DOL610 1601 e T KRS . ) al ) Percentage of cells expressing activation markers in CD4 and CD8 subsets KLRG1* Memory CD8 T Cells Combine CD45RA FITC 11-0458-42
Gz Ve | e o8 697 R (697 : 3 60.0 58.1 Properties of Short-Lived Effectors and Long- CD223/LAG-3  Brilliant™ UV 563 365-2239-42
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Materials and methods -
Total CD4+ CD4+ T-EM 2 400 We would like to thank Lihao Meng for his support KLRG1 APC 17-5893-42
. . — . N o and dedication to our team, both on this panel and
Antibodies and buffers: All antibodies and buffers used are products of Thermo Fisher Scientific and were used Figure 2B. TCR-stimulated CD4+ (top S prior work, and Castle Funatake for her leadership
according to the manufacturer’s instructions at optimal concentration (5 pL) with the exception of CD25 and CCR?7, row) and CD8+ (bottom row) T cells were 2 00 30.4 mentorshib Bnd oxpertise aver the yoars. Wo ,
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which were t|trat9d to dTeMtermme_optijal (see: Table 1 for I|§t .of antibodies). Surface staining apd wash'es were g analyzed for expression of CD45RA and § would also like to thank Luise Sternberg for the
performed in In\_/lt_rogen eBioscience _Flow Cytolmetry Staln!ng I_3uffer (00-4222-26, Thgrmo Fisher SC|e'nt'|f|c). 1w 2w CCR7 maturation markers and gated to 2 guidance and expertise she provided for this work.
Intracellular staining was performed using the Invitrogen™ eBioscience™ Foxp3 / Transcription Factor Staining PR
i e . o ) o o indicate CD45RA+CCR7+ TN, 20.0 18.4
Buffer Set (00-5523-00, Thermo Fisher Scientific). Antibody staining was performed in the presence of j 2 1 CCR7+CD45RA- TCM. CCR7-CD45RA- : . .
Invitrogen™ Brilliant Stain Buffer (00-4409-42, Thermo Fisher Scientific). e e e T TEM. and CCR7-CD45RA+ TEMRA. Note Trademarks/licensin g
_ _ significant increase of CCR7 upon _ o - . .
Cell culture: Human peripheral blood mononuclear cells (PBMC) were isolated from whole blood from normal Total CD8+ CD8+ T-EM CD8+ T-EMRA stimulation. TEM population was further 10.0 57 © 2023 Thermo Fisher Scientific Inc. For research use only. Not for use in diagnostic procedures. All rights
donors and cultured 72 hours in complete RPMI medium either unstimulated or with a T cell receptor (TCR) ] i v | o) divided based on CD127 and KLRG1 ' 5539 5.0 reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise
stimulation. TCR stimulation was performed with 3 pg/mL CD3 Monoclonal Antibody (clone OKT3; 16-0037-81, . . . expression, with KLRG1 staining indicating 00! 0005 : 00l 0o 02 o1 01070102 specified. This information is not intended to encourage use of these products in any manner that might
Thermo Fisher Scientific) and 5 pg/mL CD28 Monoclonal Antibody (clone CD28.6; 16-0288-81, Thermo Fisher § " § terminally differentiated cells. 0.0 - - — — — infringe the intellectual property rights of others. BRILLIANT ULTRA VIOLET™ and BRILLIANT VIOLET™ is a
Scientific). § CD25+CD69+ CD223+ Ki67+ CD152+ CD154+ trademark or registered trademark of Becton, Dickinson and Company or its affiliates, and is used under
- . _ license. Powered by Sirigen.™ Super Bright Polymer Dyes are sold under license from Becton, Dickinson and
o
e ey - mCDarUnstim 2 ChAT TR = ChEx Unstim - =CDE* TCR Company. Cytek® and Spectroflo® are trademarks of Cytek® Biosciences.
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