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• Cells use SH2 domains to interpret changes in tyrosine phosphorylation
• Humans have 120 SH2 domains in 110 proteins
• Purified bacterially expressed SH2 domains can be used to quantify
   their binding sites in cell lysates or whole cells
• Quantitative pattern of binding sites for panel of SH2 domains provides a
   “snapshot” of tyrosine kinase mediated signaling in a cell

Status           PFS         ID

aggressive/stable 101 CLL_7030
indolent/stable 89 CLL_7034

aggressive/progressive 20 CLL_7038
aggressive/progressive 99 CLL_7032

indolent/stable 40 CLL_7048
aggressive/progressive 84 CLL_7049
aggressive/progressive 11 CLL_7041

indolent/stable 88 CLL_7043
indolent/stable 101 CLL_7022
indolent/stable 85 CLL_7044
indolent/stable 47 CLL_7046
indolent/stable 89 CLL_7047
indolent/stable 38 CLL_H019
indolent/stable 71 CLL_7050
indolent/stable 56 CLL_H004
indolent/stable 40 CLL_H017

aggressive/progressive 17 CLL_7042
aggressive/progressive 18 CLL_7045
aggressive/progressive 0 CLL_7054
aggressive/progressive 3 CLL_H003

aggressive/stable 39 CLL_7039
indolent/stable 36 CLL_H001
indolent/stable 7 CLL_H005
indolent/stable 49 CLL_7033
indolent/stable 61 CLL_7028
indolent/stable 44 CLL_H016
indolent/stable 98 CLL_7029

aggressive/progressive 17 CLL_7025
indolent/stable 97 CLL_7023
indolent/stable 52 CLL_H008
indolent/stable 30 CLL_H020
indolent/stable 54 CLL_H006
indolent/stable 29 CLL_H021
indolent/stable 43 CLL_H015
aggressive/stable 50 CLL_H011

SH2 profile correlates with
early progression of CLL

SH2 profile-based predictor performs at least as
well as current standard of care

Barriers to clinical implementation of SH2 Profiling:

• Current platforms are labor-intensive and slow
• Requires relatively large amount of material
• No single-cell data (averages over population)

GOAL: Flow cytometry based SH2 profiling platform

Generating a panel of fluorescently labeled SH2 domain probes for flow cytometry 
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Probe Design:
• SH2 domains expressed in E. coli as fusions with GST
   and Halo Tag
• GST for purification on GSH beads, and also for dimerization
• Halo Tag for labeling with Halo linker conjugated with
   fluorescent dyes à stoichiometric labeling

Crude bacterial lysates can be labeled and purified easily in multiplex format

Quantify binding
of up to 4 SH2
domains/run

Quantify binding 
of up to 60 SH2

domains/run

PBMC from CLL patients

+/- treatment (PV)

Flow Cytometry (LSR II)

Data Analysis (FlowJo)

a-CD19, CD20, CD45 a-CD19, CD20

4 SH2 probes a-CD45 barcode + 4 SH2 probes

Pool barcoded samples

Fix, permeabilize cells

Dye APC
PerCP 
Cy5.5

BV510 AF488 R6G AF700 AF405

Group CD19 CD20 CD45 SH2-1 SH2-2 SH2-3 SH2-4

A X X X 3BP2 Arg BLNK Blk

B X X X BTK CrkL CSK EAT2

C X X X Grb7 GH Grb2 Fyn

D X X X Lck Lyn Nck2 p85a

E X X X PLCg1 GAP SHIP2 SHP-2

F X X X ZAP70 Syk Vav2 STAT5B

SH2Marker

7 -p lex  dye  se t

Dye APC
PerCP 
Cy5.5 BV510 PECy7 APC H7 BV605 AF488 R6G AF700 AF405

Group CD19 CD20 CD45 CD45 CD45 CD45 SH2-1 SH2-2 SH2-3 SH2-4
A X X X 3BP2 Arg BLNK Blk
B X X X X BTK CrkL CSK EAT2
C X X X X X Grb7 GH Grb2 Fyn
D X X X X X X Lck Lyn Nck2 p85a
E X X X X PLCg1 GAP SHIP2 SHP-2
F X X X X ZAP70 Syk Vav2 STAT5B

CD45 Barcode SH2Marker

10 -p lex  dye  se t

Experimental workflow:
• Fix and permeablize human CLL cells (+/- PV 
   treatment to increase pTyr)
• Label with antibodies (aCD19, CD20, CD45)
• Split and label half with pooled SH2 probes
• Analyze by flow cytometry

Multiplexing increases the number of SH2 probes per experiment

Patient clinical follow-up

BTK-SH2-AF488

Follow-up

Pretreat
Ibrutinib (early phase) Ibrutinib (late phase)

Stim(–)

Stim (+)

Stim(–)
Stim (+)

Eat2-SH2-AF405

Follow-up

Pretreat
Ibrutinib (early phase) Ibrutinib (late phase)

Stim(–)

Stim (+)

Stim(–)

Stim (+)

CrkL-SH2-R6G

Follow-up

Pretreat
Ibrutinib (early phase) Ibrutinib (late phase)

Stim(–)

Stim (+)

Stim(–)

Stim (+)

Csk-SH2-AF700

Follow-up

Pretreat
Ibrutinib (early phase) Ibrutinib (late phase)

Stim(–)

Stim (+)

Stim(–)

Stim (+)

HH-001
HH-002
HH-003
HH-004

CLL

Subject Dx IGHV Flow FISH Treatment Clinical type Sample
HH-001 CLL mutated CD45,19,5,20,23,22,IgD-K, 11C 13q del No Tx Stable Untreated 
HH-002 CLL unmutated CD5,10,8,22,23,200 6q del, TCR-ɤ FCR→Ibrutinib Stable  Ibrutinib+ 
HH-003 CLL mutated CD20,5,3 n/a BR Progressive BR+
HH-004 CLL mutated CD5,19, 20,22,23,25, FMC7, 11C 13q del, 17p del Ibrutinib + Rituxan Progressive Pretreatment 

1 2 3

SH2-flow validation using single probes

BTK-SH2 CrkL-SH2 Csk-SH2 Eat2-SH2

Experiment 1
Group BC

Experiment 2
Group 1

AF40
5

AF48
8

AF70
0

R6G

Pearson r = 0.91

Correlation between 
probe groups 

BTK-SH2 CrkL-SH2 Csk-SH2 Eat2-SH2

Group B1

Group B2

Group B3

Group B4

B1 B2 B3 B4
B1 0.74 0.95 0.83
B2 0.74 0.84 0.67
B3 0.95 0.84 0.86
B4 0.83 0.67 0.86

Pearson r
mean 0.82
min 0.67
max 0.95

Multiplex Single Cell Phosphotyrosine-SH2 Profiling

Experimental variation: different aliquots of
cells; labeling and flow on different days Experimental variation: dye swap

Conclusions
• Single-cell SH2 profiling is feasible using recombinant fluorescently labeled SH2 domain probes
• Potential to analyze >50 SH2 domains in a single experiment
• Flow cytometry-based assays could easily be incorporated into standard diagnostic laboratory 
workflows for leukemia
• Signal strength in untreated cells needs to be optimized for some probes
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Bar-coding increases the number of SH2 domains per experiment

0

100

200

300

400

500

C D1 9 pE r k G ST - Ha lo B TK -S H 2 B LN K- SH 2

P BM C  St i m  ( - )

P BM C  St i m  ( + )**

*

*

Fold increase 1.5 33.2 1.7 11.6 1.7
% CV 6.5 13.7 16.7 9.5 2.0

N
or

m
al

iz
ed

 M
FI

1048

BCR SH2 Panel for SH2-Flow and other pTyr-SH2 Profiling 


