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Detection of lineage-specific STAT5A phosphorylation
in peripheral blood cells from a myeloproliferative
neoplasm model mouse using multicolor flow cytometry
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Introduction

Appropriate phosphorylation of signal
transducer and activator of transcription
(STAT) transcriptional factors, down-stream
mediators of Janus kinases (JAKs), regulates
expression of various genes during normal
hematopoiesis. Reflecting dysregulation of
the JAK-STAT pathway, constitutive activa-
tion of STAT3 and STAT5 is frequently
detected in hematopoietic malignancies’. In
particular, the JAKZ2 V617F hyperactive muta-
tion, which leads to hyperphosphorylation of
STATS5, was recently found to occur in most
patients with myeloproliferative neoplasms
(MPNs)? : mainly polycythemia vera (PV),
essential thrombocythemia (ET) and primary
myelofibrosis (PMF). Recent studies also in-
dicate that the expression levels of the JAK2
V617F mutant may influence disease type
selection”. We have therefore been investi-
gating the possibility that monitoring the level
of STATSH5A phosphorylation could be helpful
for the diagnosis, treatment and follow-up of
MPNS.

Multicolor flow cytometry is a powerful
diagnostic tool able to detect and separate
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abnormal cell populations from normal blood
cells, even when the abnormal population is
very small. And thanks to recent progress in
intracellular staining methods, one can now
use this method to detect phosphorylated
proteins at the single cell level”. Standard
detection protocols are generally provided by
the manufacturer ; however, whole peripheral
blood contains cells of different lineage that
show differing degrees of membrane stability
during fixation, and each lineage-specific
antigen and phosphorylated protein has a
different tolerance for fixation. Therefore,
the protocol used to stain whole blood for
detection of both intracellular phosphorylated
proteins and surface lineage makers in the
same cells should be optimized for each

experiment.
Methods, results and discussion

To optimize staining of phosphorylated
STATS5A along with a lineage marker, we used
Jurkat cells transduced with a retroviral vector
encoding STAT5A1%6” (Fig.1). We first deter-
mined the optimal fixation, permeabilization and
staining conditions for detecting FLAG on the
intracellular STAT5A1%6 using flow cytometry
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Fig. 1A Schematic presentation of the retroviral vector encoding STAT5A1*6 (GCDNsamSTATS5A1% 1/
G). Expression of STAT5A1%6 is driven by the retroviral promoter long terminal repeat (LTR).

SD, splicing donor; SA, splicing acceptor; y*, packaging signal; IRES, internal ribosomal entry

site ; GFP, green fluorescent protein.

Fig. 1B Schematic presentation of the experimental design.
were obtained from C57B/6
GCDNsamSTAT5A1*6 I/G or control vector.

34-KSL HSC)

Highly purified hematopoietic stem cells (CD
(Iy5.1)
The genetically modified HSCs were then

bone marrow and transduced with

transplanted to 950 cGy-irradiated C57B/6 (Ly5.2) recipient mice along with 7.5x10° whole bone

marrow cells from a C57B/6 (Ly5.1/Ly5.2) mouse as rescue cells.
recipient mouse was analysed 6 weeks after transplantation.

Peripheral blood from the
The genetically modified donor cells,

recipient cells and rescue cells could be identified based on their expression of CD45.1 (Ly5.1) and

/or CD45.2 (Ly5.2).

(MoFlo, Beckman-Coulter, Brea, CA)
anti-FLAG antibody (ADO059F, Perkin Elmer

Japan, Kanagawa, Japan).

with an

By comparing several
conventional methods, we determined the best
conditions for detecting intracellular molecules to
be fixation with prewarmed BD Phosflow Fix
Buffer I (BD Japan, Tokyo, Japan) for 10 min at
37T, followed by permeabilization with BD
Phosflow Perm Buffer III (BD Japan) for 30 min
at 4°C.

We confirmed our ability to detect intracellu-
lar STAT5A1"6 under the selected conditions
using peripheral blood cells from a progressive
MPN model mouse®. Establishment of the MPN
mouse was described previously. Briefly, highly
purified HSCs (CD34-KSL)? from C57BL/6]
(B6, CREA Japan, Tokyo, Japan)
marrow were transduced using a retroviral vector
encoding STAT5A1%6, and then transplanted into

mouse bone

a lethally irradiated B6 mouse. Six weeks later,
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Fig. 2A Representative result of intracellular STAT5A1*6
B and surface lineage-antigen staining in peripheral
. blood cells from a MPN mouse. Samples of whole
control STATSA1*6 blood from a MPN mouse were processed as summa-
rized in Table 1. Intracellular STAT5A1*6 was
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peripheral blood cells were collected for flow
cytometric analysis (Fig.2). After lysing the
erythrocytes by incubating the cells in 1 ml of 140
mM NH.CL for 15min at room temperature, the

remaining white blood cells (~1x10° cells) were

disease.

Fig.2B Human ESC-derived hematopoietic cells® were

transduced using control vector or GCDNsam STATS
A1*6 I/G, then cultured in the presence of EPO, SCF
and TPO. Cells were harvested on day 10 of culture
and processed for intracellular phosphoSTATSHA and
glycophorin A double staining using anti-phospho
STATS5A (Y694), anti-glycophorin A and anti-CD45
antibodies. Forced EPO-induced STAT5A phospho-
rylation has been detected in glycophorin A-positive
cells. The numbers in the plot indicate the percent-
ages of cells in the quadrants.

fixed and permeabilized under the aforementioned
conditions. To block nonspecific staining of intra-
cellular molecules by the specific antibodies, 50 ul
of 10x diluted affinity-purified mouse IgGl, k
(eBioscience, San Diego, CA) was added to the
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test cells and incubated for 30 min at 4C prior to
addition of the specific antibodies. This enabled
efficient staining of intracellular STAT5A1%6.
Because each surface antigen and antibody
had a different tolerance for the fixation and
permeabilization protocol, we next identified the
optimal staining time for surface antigens. Anti-
bodies for myeloid (anti-mouse Gr-1 Pacific Blue,
108430, Biolegend Japan, Tokyo, Japan ; anti-mouse
Mac-1 Pacific Blue, 101224, Biolegend Japan) and
lymphoid (anti-mouse B220 APC-Cy7, 25-0452-82,
eBioscience ; anti-mouse CD4 APC-Cy7, 100414,
Biolegend Japan; anti-mouse CD8a APC-Alexa
Fluor 780, 47-0081-82, eBioscience )

showed measurable intensity, even when added

antigens

before fixation and permeabilization. By contrast,
anti-CD45 antibodies (anti-mouse CD45.1 PE-Cy7,
25-0453-82, eBioscience ; anti-mouse CD45.2 PE,
12-0454-83, eBioscience) lost their affinity for CD
45 antigen under the same conditions. In that
context, we labeled using a double staining
method in which myeloid and lymphoid antigens

were labeled before fixation and permeabilization,
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while CD45 and intracellular molecules were
labeled  afterward. The

protocol is summarized in Table 1. Using this

optimized  staining
approach, we have been able to detect myeloid
cell-specific expression of STAT5A1*6 in MPN
mice (Fig.2A), which is indicative of the myeloid
cell origin of MPN.

To determine whether this staining protocol
can be applied to human cells, we checked for
phosphorylated STAT5A in STATH5A1%6-
transduced human ESC (khESC3, kindly provided
from Dr. Suemori of Kyoto Univ.) —derived blood
cells (anti-phospho STAT5 Alexa Fluor® 647
antibody, BD Japan; anti-human CD45 PE-Cy7
antibody, BD Japan; anti-human Glycophorin A
Pacific Blue antibody, eBioscience). As indicated
in Fig. 2B, among ESC-derived cells transduced
with STAT5A1%6, we were able to detect
aberrantly strong phosphorylation of STAT5A in
Glycophorin A-expressing erythroid cells using
multicolor staining (Shimizu T et al, in submis-
sion).

In conclusion, we have optimized a method

Table 1 Detection procedure for lineage-specific STAT5A phosphorylation by multi-color
flow cytometry using peripheral blood cells

Fix with pre-warmed(37C®) BD Phosflow Fix Buffer for 10 min at 37C°

Staining with anti-CD45 and anti-phospho STATS (or anti-FLAG, if needed)

1 Sampling peripheral blood

2 Count WBC number

3 Adjust 1x10° cells/ sample tube

1 Lyse RBCs with 1ml of 140mM NH,CL for 20 min at RT

5 Staining with anti-myeloid and lymphoid marker antibodies
6

7 Wash cells once

8 Permerbilize cells with BD Perm Buffer Ill for 30 min at 4C°
9 Blocking with Affinity Purified Mouse 1gG1, k, for 30 min at RT
10

11 Analyze by flow cytometry
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for intracellular molecular staining together with
multicolor surface antigen staining of peripheral
blood cells from MPN mice. Further analysis of
MPN patients using this method would be
expected to clarify the relationship between
STATS5A phosphorylation and MPN disease type

selection and progression.
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SRR IBAOBEISH A HBEL LYV FhT—Tu—H 4 X MY —12k3
HRIN Y VAL STATSA 431 & Rl bHUR & DRI GL @Ik DB

WK S, P 3k, AD Hl—, &F 8, P Bt
TRRURFEREEN TR R e v v — el R

LAY 7 G RS S R (classical myeloproliferative neoplasm ; classical MPN) T& % B4 L
i£ (polycythemia vera: PV) DKL ARSI/ MIUMEE (Essential thrombocythemia: ET) 7
5 N EZE S HkHERE  (Primary  myelofibrosis ; PMFEF) O —#12 3B\ T JAK2 G528 B A
ENTW2D. YRFRETIE JAK2 TR T O—>TdH % STATSA OifitkR (STAT5A1*6) % il
B IS EA L CRBIBZ 4T, MPN 7V~ ZAOEEIZHII L Tw5 (Kato Y et al,
2005, JEM). AW TIE7 0= 4 Fx M) — (FCM) %MW TMPN €7V~ 7 AKMILH O %
TEAIOEE 2 B 1T A STATHAL6 FEHFHT 22 6 IC b MILEHIAIC BT %) Bt STATHA J$H R
Hr e ik rz.

HIBANERE TH 5 STATSA O, MlEEE, BESLEEICROTILENH L. Ll
Phosflow M@ (BD #1) & Hvy, Mgk, FEELE Kk gt St ool 247 - 7245 5%, MPN
ETNR T ZARMIMIZ BT, L 05t~ — 7 — & [k L o>, STATSAL & & m iyl
RS % 2 AT L, [FE TV =D A T AN M BR 55 B 52 09 136 ek STATSA O sgHios
RoNBZEDPHEN o7z, T, REEZHWTE FRMIMEAZERR & N IS S 70
Jlo % AT L 7ot 5%, IETEL STATSA % KMPUR & FEFGeta 35 2 L S EETH - 7. FAHIMIZ BT
5 53 WiE AL STATSA EmAS, MPN I HIAC X 2Bk Z RIE L T\ 5.

Matsuyama R. C. Hosp. J. Med. 35(1); 25~30, 2010

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,



