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Anti-cluster-of-differentiation (anti-CD) antibody microarray is an attractive multiplex analogue to leukocyte
immunocytochemistry for surface markers. The transparent plastic microarray support permits to sort leukocytes by their
surface lineage-specific markers making them available for subsequent high-resolution morphology examination.
The combined data on the pathologic cells’immunophenotype, morphology and cytochemistry from the microarray is sufficient
to suggest preliminary diagnosis in many leukemia types. However, in some cases additional staining for internal markers is
required, i.e. in T cell acute leukemia the T cell origin of the blasts can only be proved by the presence of cytoplasmic CD3
(cytCD3). Here we describe a new protocol of immunocytochemical detection of internal proteins in mononuclear cells captured
by mouse anti-CD antibodies on the microarray surface. The protocol uses primary mouse FITC-conjugated (FITC — fluorescein
isothiocyanate) antibodies against the target, secondary anti-FITC antibodies conjugated with alkaline phosphatase
and colorimetric alkaline phosphatase substrate, BCIP/NBT. We show on normal leukocytes and leukemic cell lines that
the protocol is sensitive and specific. The percentages of cytCD3-positive cells determined by this method in bone marrow
aspirates of two patients with T cell acute lymphoblastic leukemia are in excellent agreement with flow cytometry results.
This method expands the diagnostic capabilities of anti-CD antibody microarray.
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KoHTaKThI:

Cotbs AnekceesHa KysHeuoBa kuznetsova.sonya@gmail.com

KneTouHblit 6MoYMN — NpuBAEKaTeNbHbI aHANOr MHOTOLBETHON UMMYHOLUTOXUMUM ANS ONPEAeneHus NoBepPXHOCTHbIX
CD-aHTUreHoB neiitkouuToB. Mpo3payHblit NIACTUKOBLI GMOYMN NO3BONAET COPTMPOBATL NENKOLMTHI MO UX NOBEPXHOCTHLIM
LeTepMUHAHTaM Ans nociepytolero MophonorMyeckoro CCIef0BaHuUs C BbICOKUM paspelerneM. KoMOMHALNUK JaHHbIX
06 uMMyHOeHOTUNE, MOPGHONOTUYECKNUX U LUTOXUMUYECKUX OCOOEHHOCTAX NATONOrMYECKUX KNETOK, MONYYEHHBIX C MO-
MOLLbIO KNETOYHOTO GMOYMNA, [OCTATOYHO AN YCTAHOBNEHUS NPeABapUTENbHOTO [UArHO3a NpyU MHOTMUX TUNAX NeiKo308.
0nHaKO B HEKOTOPLIX ClyyasX ANs 3T0ro HEO6XOAMMO ONpefesieHne LUTONNA3MaTMYECKUX MapKepoB. Hanpumep, B ciyyasx
T-KNeTouHbIX Neiiko308 T-kneToyHas npupoga 61acToB AoKHA ObITb NOATBEPKAEHA HAMYMEM LuTONNa3mMaTuyeckoro CD3
(cytCD3).

B cTaTbe npepcTaBeH HOBbI MPOTOKON UMMYHOLUTOXUMUYECKOW [ETEKLMM BHYTPUKNETOUHbIX OEIKOB B MOHOHYKEaPHBIX
KNeTKax, CBA3ABLIMUXCA C MblWMHbIMY anti-CD-aHTUTeNnamMu Ha KneTouyHoMm Guounne. B HeM UcMonb30BaHbl NepBUYHbIE
MbiwnHble FITC-koHblorupoBaHHbie (FITC — dyopecuenH n3oTMoumMaHar) aHTUTeNa K LUMTONIa3MaTUyeckum benkam-mu-
WeHsM, BTOpUYHble anti-FITC-aHTUTeNa, KOHbIOTMPOBaHHbIE C WenoYHoi docthaTtasoi, u KonomeTpudeckuit cyberpar BCIP/
NBT pns wenoyHoi docdarasel. Ha nekoumtax 340poBbIX JOHOPOB W NEKO3HbIX KNETOYHbIX TIMHUAX Mbl MOKa3anu, 4To
NPOTOKON ABNAETCA JOBONbHO YYBCTBUTENbHbIM U cnieunduyHbIM. MpoueHT cytCD3-nonoxuTenbHeIX KNETOK, onpefeneHHbIi
ONMCaHHbIM METOAOM B aCMMUpaTax KOCTHOMO MO3ra 2 NaLWUeHTOB C T-KNETOYHbLIM OCTPbIM NMMGOBNACTHBIM IEIIKO30M, N0j-
TBEpXAAeTCs pe3ynsTaTaMu NPoTOYHON LMTOMETpUU. [laHHbI MeTod pacluMpsAeT AMarHOCTUYECKME BO3MOXKHOCTMU KNeTou-
Horo Guouunna.

KnioueBble cnoBa: KneTouHblit 61uounn, T-KNeToUHbI OCTpPbIi NMMBOONACTHBIN Neiko3, kneToyHas nuHus Jurkat, CD3

Ona uutupoBanua: ®Pepsnuna 0.C., 3akuposa A.0., Xamugynnuna A.N. u gp. UMMyHOLUTOXUMUYECKAS AETEKLUSA
BHYTPUKNETOUHbIX GENKOB B NIEKOLUTAX YENOBEKA, PACCOPTUPOBAHHbBIX MO MOBEPXHOCTHLIM AHTUrEHAM C MOMOLbIO

KNeTo4yHoro 6uoumnna. Ycnexu monekynsapHoi oHkonorun 2026;13(1):93-102. (Ha aHrn.).
DOL: https://doi.org/10.17650/2313-805X-2026-13-1-93-102

INTRODUCTION

Acute leukemia diagnosis is based on the detection
of malignant leukocyte precursors (blast cells) in patient’s
bone marrow and definition of their lineage. The blast
presence is usually independently verified by morphology
in bone marrow aspirate films and by flow cytometry, while
their lineage is usually determined either by cytochemistry [1]
or by flow cytometry based on the expression of lineage-specific
surface of cytoplasmic cluster-of-differentiation (CD) antigens
and other markers [2]. Blast cell lineage determination in acute
leukemias is not always straightforward as leukemic cells often
aberrantly express surface markers normally restricted
to another lineage [3, 4]. Current World Health Organization
classification of tumours of haematopoietic and lymphoid
tissues [2] suggests the presence of myeloperoxidase or at least
two monocyte-specific markers (CD11c, CD14, CD64,
non-specific esterase or lysozyme) as a proof of myeloid
blast origin, the presence of CD19 and at least one B cell
marker, CD79a, CD10 and cytoplasmic CD22 (at least two
if CD19 expression is weak), as a proof of B cell blast origin
while only cytoplasmic CD3 (cytCD3) can be used as a reliable
T cell marker [2].

Earlier we have developed a new diagnostic method
for leukemias and lymphomas with leukemization using
an anti-CD antibody microarray on a transparent support
for leukocyte sorting and subsequent high-resolution
morphology analysis [5—10]. The mononuclear fraction
of peripheral blood or bone marrow aspirate is incubated

with monoclonal mouse immunoglobulins G (IgG) against
main lineage-specific diagnostically relevant CD antigens
including positive and negative controls (anti-CD45 and
isotype control) immobilized on the microarray. After
incubation and washing the antibody spots on the microarray
are filled with specifically bound cells. The microarray with
captured cells is then dried and stained after May—
Griinwald—Giemsa. The microarray permits to determine
the set of CD antigens present on the surface of cells
with certain morphology (i. e. leukemic blasts) by analysing
the percentage of these cells among the leukocytes captured by
different anti-CD antibodies [6—10]; in this way, it combines
the analysis of the pathologic cells’ immunophenotype,
morphology and cytochemistry. This makes the anti-CD
antibody microarray a unique diagnostic instrument
for diagnosis of many leukemia types, including acute
leukemia, in resource-poor setting [6—10]. However, while
myeloid or B-cell origin of the blasts can be verified for the
anti-CD microarray-bound cells by the fact of the blast
capture by a certain anti-CD antibody or by cytochemical
reaction for myeloperoxidase or nonspecific esterase [6—8],
the confirmation of acute T-lymphoblastic leukemia (T-ALL)
cannot be performed without immunocytochemical staining
of microarray-bound cells for intracellular CD3.

Here we describe a method for enzymatic
immunocytochemical method for staining microarray-bound
cells for cytoplasmic markers. As the widest variety
of commercially available anti-CD antibodies are produced
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in mouse, both the capturing antibodies on the microarray
and primary antibody for immunocytochemistry come
from the same species and enzyme-linked anti-species
secondary antibodies cannot be used for signal enhancement.
Using FITC-labeled (FITC — fluorescein isothiocyanate)
mouse anti-human primary antibodies and secondary
anti-FITC antibodies conjugated with alkaline phosphatase
(AP) we demonstrate stable and specific enzyme-linked
immunocytochemical detection of cytoplasmic markers
in leukocytes, captured on anti-CD antibody microarray.
The results can be visualized with simple bright field
microscopy and the microarray with stained cells can
be stored for reexamination without signal loss.

MATERIALS AND METHODS

Patients. This study used a sample of venous blood
from three healthy volunteers (two females, 37 and 42 y.o.
and one 27 y.0. male) and bone marrow aspirate from two
patients of Dmitry Rogachev National Medical Research
Centre for Pediatric Hematology, Oncology and
Immunology, one with suspected T-ALL and one with
suspected T-cell lymphoblastic lymphoma. Informed
consent was obtained from all participants or their legal
representatives after the nature and possible consequences
of the study had been fully explained.

Cell line. Jurkat cell line (clone J.RT3-T3.5) was grown
in RPMI 1640 medium (300 ug/mL L-glutamine, 25 mM
HEPES, 25 mM NaHCO,, 20 ug/mL gentamicin,
10 % fetal calf serum (FCS) at 37 'C at 5 % CO,. The cell
lines were reseeded every 3 days at the concentration
of 5 x 10° cells per 25 cm? area culture flask. A log-phase
growing culture was fixed in 1 % formaldehyde for 1 h
at room temperature, washed with phosphate buffered
saline (PBS), treated with 100 mM glycine for 1 min,
washed with PBS and stained with anti-CD3-FITC
(BD Biosciences, San Jose, CA, USA).

Manufacturing of anti-CD antibody microarrays.
Microarrays were made according to the protocol described
before [6, 10]. Antibodies to CD2, CD3, CD5, CD7, CDS,
CD10, CD16, CD19, CD38, CD45, HLA-DR (Sorbent
LTD, Moscow, Russia) [11] and to CD4, CD11b, CDllc,
CD13, CD14, CD15, CD33, CD4l1a, CD61, CD45RA,
CD45R0, CD64, CD117, CD123 (eBioscience, Waltham,
MA, USA) were spotted on the microarrays.

Leukocyte sorting and analysis using anti-CD antibody
microarray. Mononuclear cell fractions from venous blood
(peripheral blood mononuclear cells, PBMC) or bone
marrow aspirate taken on EDTA were isolated by density
gradient centrifugation on Histopaque-1077 (Sigma,
St. Louis, MO, USA) according to manufacturers’
instructions. The mononuclear leukocyte fraction
or harvested cells of the leukemic cell line was then
incubated with anti-CD antibody microarray at 4°C for 1 hour
as described by A.N. Khvastunova et al. [6] with minor
modifications (isolated mononuclear cells were incubated
with anti-CD antibody microarray in 100 % FCS (Sigma,
St. Louis, MO, USA)). The microarray was then washed

in PBS containing 1 % bovine serum albumin (BSA)
to eliminate the unbound cells, covered with a small volume
of FCS and dried in a cytocentrifuge by rotating around
the axis normal to its surface at 5000—6000 rpm.
The microarray-captured cells were then either stained
after May—Griinwald—Giemsa for morphology
examination and studied at x1000 magnification using Nikon
Eclipse Ni microscope equipped with Nikon DS-Ril camera
(Nikon, Amstelveen, Netherlands) or permeabilised and
stained for intracellular proteins as described below.
Staining microarray-captured leukocytes for cytoplasmic
and intranuclear proteins. Microarray-captured leukocytes
after the drying step were fixed and permeabilised
in 10 % formalin in ethanol for 10, 30 s or 5 min. Longer
permeabilisation time was not necessary as the staining results
for 10, 30 s and 5 min fixation did not differ (table 1).
To stain for intranuclear protein Ki-67 microarray-captured
Jurkat cells were fixed and permeabilised in 70 % ethanol
at —20 'C for at least 2 h. After washing in PBS,
the microarray-captured cells were incubated for 30 min
at room temperature in 1 % BSA on PBS to reduce
non-specific binding, then stained for 30 min at room
temperature with anti-CD3-FITC, anti-CD22-FITC
or anti-Ki-67-FITC (UCHT1, Dako, Glostrup, Denmark)
diluted 80 times in PBS with 1 % BSA, washed
and analysed using confocal Axio Observer.Z1 microscope
(Carl Zeiss, Jena, Germany). To enhance the signal,
microarray with bound cells was further incubated for 30 min
at room temperature with F(ab’) fragment of rabbit
anti-FITC-AP conjugated secondary antibodies (PNA ISH
Detection Kit, Dako, Glostrup, Denmark), washed with PBS,
and then incubated for 30—45 min with the BCIP/NBT
substrate (PNA ISH Detection Kit, Dako, Glostrup,
Denmark) of AP, washed in running water, and imaged under

Table 1. The percentage of anti-CD45RA-captured peripheral
blood mononuclear cells from the same donor staining positive for
CD3 according to the protocol with enzyme-linked enhancement
for different fixation time, average * standard deviation, %
Ta6amua 1. Zoas CD3+-kaemok cpedu MOHOHYKAAPHBIX KAEMOK nepu-
f/)(’[?llb{C’CK()I:{ Kpoeu 00H020 dOlIO[?(I, C653a8UIUXCA HA OUOYUNe ¢ aHmU-
CD45RA 6 3asucumocmu om épemeHu uxcayuu, cpeonee * cmandapm-

Hoe omK.aonenue, %

Fixation time, s Number of CD3+ cells
10 66
15 78
30 84
300 67

Note. Average * standard deviation for different fixation time
is 74 £ 9 %.

Ilpumeunanue. Cpednee + cmandapmuoe omKaoHeHUe nNPU Pa3HOM
epemenu uxcauuu cocmasuno 74 = 9 %.
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Nikon Eclipse Ni microscope using 100x and 40x objectives
and Nikon DS-Ril camera. For negative controls the primary
anti-CD3-FITC, anti-CD22-FITC or anti-Ki-67-FITC
antibodies were replaced by isotype control mouse IgG1-FITC
(Invitrogen, Camarillo, CA, USA). Cell staining intensity
was estimated from inverted 32-bit greyscale photographs
using ImagelJ software.

Flow cytometry. Immunophenotypic study was carried
out by 6-color laser flow cytometry according to the standard
protocol (Navios, Beckman Coulter, Miami, FL, USA).

RESULTS

Confirmation of intracellular localization
of anti-CD3-FITC staining. The protocol was tested
by performing anti-CD3-FITC staining of Jurkat cell line,
clone J.RT3-T3.5, a surface T cell receptor deficient mutant
derived from Jurkat cell line originating from a pediatric
patient with T-ALL [12] (fig. 1, a—e). Flow cytometry
confirmed that less than 1 % of cells in this line are positive
for surface CD3 (see fig. 1, c¢). The results of J.RT3-T3.5
staining with primary anti-CD3-FITC according
to the described procedure are shown in fig. 1, d.
The percentage of cells staining positive for internal CD3
was 100 %. The data shown in fig. 1, d demonstrate
the results of anti-CD3 staining with enhancement
by AP-labeled F(ab’) fragment of secondary anti-FITC
antibody and colorimetric AP substrate as described in Materials
and methods (enzyme-enhanced immunocytochemical
detection, EEID). The data presented in fig. 1 show that
the suggested method allows sensitive and specific
immunocytochemical staining for cytoplasmic CD3.

CytCD3* and cytCD22* microarray-captured lymphocytes
had more intense coloration after enzyme-enhanced
immunocytochemical detection than lymphocytes negative for
these markers. The enzyme-enhanced immunocytochemical
detection of cytoplasmic proteins CD3 and CD22 was
performed on lymphocytes isolated from the blood
of healthy donors incubated with an anti-CD antibody
microarray as described in Materials and Methods. The results
are shown in fig. 2 and 3. The intensity of anti-CD3-FITC
staining is higher in anti-CD7 captured T cells than
in anti-CD19-captured B cells and in cells stained with
mouse-IgG-FITC (isotype control) (see fig. 2, a—c).
The intensity threshold for determining CD3* was 60 a.u., cells
with the staining intensity above 60 a.u. are CD3* (see fig. 2,
d). Consistent results were obtained for anti-CD22-FITC,
the intensity of anti-CD22-FITC staining is higher
in anti-CD22 captured B cells than in anti-CD7-captured
T cells and in cells stained with mouse-IgG-FITC (isotype
control) (see fig. 3, a—c). The intensity threshold for
determining CD22* was 30 a.u., cells with the staining
intensity above 30 a.u. are CD22* (see fig. 3, d). We also
qualitatively showed the possibility of using the enzyme-
enhanced immunocytochemical method for detection
of intranuclear protein Ki-67 in microarray-captured
T-lymphocytes (fig. 4). The percentage of Jurkat cells
staining positive for Ki-67 was 100 %, this result was

confirmed by a parallel study of the Jurkat cell suspension
by flow cytometry (data not shown). These results
demonstrated the ability to reliably detect cytCD3",
cytCD22* and Ki-67" cells among microarray-captured
lymphocytes using enzyme-enhanced immunocytochemical
detection.

The dried microarray-captured lymphocytes can be
stored for 7 days before staining. The dried microarrays with
captured normal PBMC were stored at room temperature
in the dark for 1-7 days prior to fixation and staining
according to the above-described protocol. Figure 5 shows
the intensity diagram of anti-CD7- and anti-CD19-
captured PBMC from normal blood stained for internal
CD3 as described above after 0 and 7 days storage respectively.
There is a clear difference between CD3-positive cells
(CD7* cells) and CD3-negative cells (CD19* cells) while no
drop in staining intensity is observed upon storage (fig. 5).
Thus storage of a dry sample at room temperature for 7 days
before staining for intracellular markers does not affect the
results of the staining procedure.

The protocol application to T-ALL diagnosis.
The cytoplasmic protein detection method was tested
on two patients with suspected T cell lymphoproliferative
diseases. For each patient the mononuclear fraction
of the bone marrow aspirate was incubated with 2 identical
microarrays, one of which was stained after May—Griinwald—
Giemsa for morphology examination and another — with
anti-CD3-FITC primary antibody with enhancement
by enzyme-linked secondary antibody.

Patient M., a 17-y.0. boy, was admitted with suspected
T cell lymphoblastic lymphoma. The flow cytometry
of bone marrow aspirate showed a blast region of 53 % with
blasts positive for CD2, CD5, CD7, CD15, CD19
and CD38. The anti-CD antibody microarray analysis
of the mononuclear fraction of the patient’s bone marrow
aspirate showed 75 % of blast cells of average size with no
granulation, large nuclei and thin rims of cytoplasm positive
for CD2, CD7, CD15, CD19, CD38 and CD45 (fig. 6, a,
panel 1). As the criteria for blast attribution to myeloid
or B cell lineage were not fulfilled, the microarray-captured
blasts were stained for internal CD3 according to the protocol
with enzyme-linked enhancement described above. Among
the anti-CD45-captured blasts 90 % were positive
for cytoplasmic CD3 (see fig. 6, a, panel 2) in consistence
with the flow cytometry data (88 % of blasts were positive
for cytoplasmic CD3). Based on the presence of cytoplasmic
CD3 and surface CD2 and CD7 on the blast cells,
the microarray-based data suggests the diagnosis of pre-T-ALL
(T-10) [13].

Patient R., a 23-y.0. man, was referred to the flow
cytometry laboratory of Rogachev National Research Centre
for Pediatric Hematology, Oncology and Immunology
for diagnosis. The flow cytometry of bone marrow aspirate
showed 96 % of blasts positive for CD2, CD7, CD11b (low
expression), CD13, CD33, CD38, CD117 and HLA-DR.
9 % of blasts were positive for myeloperoxidase and 40%
of blasts were positive for cytoplasmic CD3 by flow
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Fig. 1. Confirmation of intracellular localization of anti-CD3-FITC (FITC — fluorescein isothiocyanate) staining in Jurkat cells (Jurkat cells were concentrated
and incubated with anti-CD antibody microarray, after washing, drying and staining according to May—Griinwald—Giemsa): a — the “map” of the microarray
with numbers indicating the spots of mouse immunoglobulin G (IgG) against corresponding CD antigens. Numbers of anti-CDx captured Jurkat cells are highlighted
in red, mouse IgG1 (isotype control) indicates the negative control (panel 1); the whole microarray with captured cells specifically bound to anti-CDx (panel 2).
Anti-CD45-bound Jurkat cells after May—Griinwald—Giemsa staining at different magnifications, %40 (panel 3) and x1000 (panel 4); b — percentage
of Jurkat cells bound to anti-CDx; ¢ — percentage of CD3+ Jurkat cells determined by flow cytometry; d — control of permeabilization quality using anti-CD3-FITC
staining of surface CD3-negative clone of Jurkat cell line with enzyme-enhanced immunocytochemical detection (EEID) or without (FITC) enhancement. Enzyme-
enhanced detection includes anti-CD3 staining of surface CD3-negative clone of Jurkat cell line with enhancement using mouse anti-CD3-FITC primary
antibody (replaced with FITC-labeled isotype control for negative control), F(ab’) fragment of rabbit anti- FITC-alkaline phosphatase secondary antibody
and BCIP/NBT colorimetric substrate; the signal without enhancement (FITC) corresponds to primary antibody staining only. Original magnification x 1000,
the scale bar represents 10 mm. DIC — differential interference contrast; SSCA-A — side scattering; FITC-A — anti-CD3 signal intensity

Puc. 1. Iloomeepacoenue enympurkaemouroil aoxarusayuu anti-CD3-FITC-okpawueanus (FITC — ¢ayopecyeun uzomuoyuarnam) 6 KaemouHol AUHUU
Jurkat (kaemku Jurkat konyenmpuposanu u unKyouposanu c¢ 6uouunom c anti-CDx-anmumenamu, npomuléant, Cywuiy u oKkpaumueanu ho memooy Mas—
Ipronsanvoa—Ium3nt): a — cxema 6uoHUNAG ¢ HOMEPAMU, YKA3bIBAIOUWUMU PACNOA0ICEHUEe NAMEH Mblulul020 umMmyHoenooyauna G (1gG) npomue coomeem-
cmeyroujux CD-anmueernos. Homepa anti-CD-anmumen, céazasuiux kaemku Jurkat, vioenenst kpachuvim yeemom, migG obosnavaem cmeco moiuwunvix I1gG 1
(uzomunuuecKuii ompuyamenshblii KOHmpoas, naneas 1). Beco 6uouun c knemxamu, cneyugpuuecku cesnzasuiumucs c anti-CDx-anmumenamu, npedcmaenen
Ha naueau 2, kaemku Jurkat, cészannvie ¢ CD45, nocae okpawusanus no memody Mas—Ipronearsda—Ilumsst npu x40 — na naweau 3, npu <1000 —
Ha naneau 4; b — doas kaemok Jurkat, céazannoix ¢ anti-CDx-anmumenamu, ¢ — npoyenmroe codepycarue CD3+-kaemok Jurkat, onpedenennoe memooom
npomounoll yumomempuu,; d — KOHMPONb 3 KA4eCME0M NepMeadUAU3AUUL, GbINOAHEHHbII C NOMOUBIO OKPAUUBAHUS OMPUYAMENbHOL NO NOBEPXHOCHHOMY
CD3 kaemounoii aunuu Jurkat anti-CD3- FITC-anmumenamu, ¢ ummynogpepmenmuoim ycunenuem (EEID) u 6e3 neeo (FITC). Ummynogepmenmroe ycune-
Hue gKalouaem okpauueanue nepguutbimu moiuunvimu anmu-CD3-FITC-anmumenamu (6 ompuyamenvrom konmpone 3amensaucy na FITC-meuennoiil
U30MURUYECKUil KOHMPOoAb), mopuynbimu anmumenamu (F(ab’)-gpaemenmom kpoauuvux anmu-FITC-anmumen, KoHs102UPOBAHHBIX € UWeA0UHOU Pocpa-
masoii, U UCNOAb308AHUE KOAOpUMempuYeckoeo cyocmpama weaouroli pocghamazol BCIP/NBT. Cuenan 6e3 ycunenus npednosazaem oKpautugarue moabko
nepsuunbimu anmumenamu. * 1000, macuma6bmsiii ompesok coomeemcmeyem 10 mxm. DIC — dughgpeperyuanshoiii unmepgheperyuonnbiii konmpacm; SSCA-A —
ookoeoe ceemopaccesinue; FITC-A — unmencusnocms okpawusanus anmu-CD3

YCNEXWU MONEKYNAPHOU OHKOJIOTUN
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Fig. 2. Normal peripheral blood mononuclear cells (PBMC) staining for cytoplasmic CD3 using protocol with enzyme-enhanced immunocytochemical detection
(EEID). Normal PBMC captured by anti-CD7 (a, c¢) and anti-CD 19 (b) stained for cytoplasmic CD3 (a, b). In fig. c represents a negative control (anti-CD3-FITC
(FITC — fluorescein isothiocyanate) replaced by FITC-labeled isotypic control). Original magnification x 1000, the scale bar represents 10 um. Staining
intensity for cytoplasmic CD3 and negative controls using EEID protocol is shown in fig. d. The black color indicates IgG I- FITC staining of anti-CD7-captured
PBMC, grey — anti-CD3-FITC staining of anti-CD 19-captured PBMC, white — anti-CD3-FITC staining of anti-CD7-captured PBMC

Puc. 2. Oxpawusanue mononyKkaeapos, evi0eneHHbix u3 nepugepuyeckoil kposu, na yumonaasmamuyeckuti CD3 ¢ ucnonvzosanuem npomokona ¢ UMMyHo-
dhepmernmuvim ycunenuem (EEID). Mononykaeapel, ceazasuuecs ¢ anmumenamu k CD7 (a, ¢) u k CD19 (b) na 6uouune, okpawusasucv Ha yumoniazma-
muueckuti CD3 (a, b). Ha puc. ¢ npedcmaeéaen ompuyamenshuiii Konmpoas (anmu-CD3-FITC 3amenen na FITC-meuennviii (FITC — ¢ghayopecyeun uzomu-
oyuanam) uzomunuveckuii KoHmpoas). * 1000, macwmabnsiii ompesok coomeemcmeyem 10 mxm. MHmMeHcugHOCMb OKpAWUBAHUS MOHOHYKAEAPOs8
aumu-CD3-FITC ¢ ucnoavsoeanuem npomoxoaa EEID npedcmasnena na puc. d. Yeproim ysemom 0003Ha4ueHvl MOHOHYKAEAPbL, CEA3A8UIUECS C AHMUMeNamu
Kk CD7 na ououune u oxpawennvie IgGI1-FITC (IgG — ummynoenobyaun G1), cepoim — moHonykaeapol, ceazasuiuecs ¢ amumenramu k CD19 na 6uouune
u okpawentvie anti-CD3-FITC, 6eavim — moHoHyKAeapbl, ceazasuiuecs ¢ anmumenamu k CD7 anmumenamu Ha buovune u okpauwerroie anmu-CD3-FITC-anmu-
menamu
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Fig. 3. Normal peripheral blood mononuclear cells (PBMC) staining for cytoplasmic CD22. Normal PBMC captured by anti-CD19 (a, c) and anti-CD7 (b) stained
for cytoplasmic CD22 (a, b). In fig. c represents a negative control (anti-CD3-FITC (FITC — fluorescein isothiocyanate) replaced by FITC-labeled isotypic control).
Original magnification x 1000, the scale bar represents 10 mm. The staining intensity for cytoplasmic CD22 and negative controls using protocol with enzyme-enhanced
immunocytochemical detection (EEID) is shown in fig. d. The black color indicates IgG1-FITC (1gG1 — immunoglobulin G1) staining of anti-CD 19-captured PBMC,
grey — anti-CD22-FITC staining of anti-CD7-captured PBMC, white— anti-CD22-FITC staining of anti-CD 19-captured PBMC

Puc. 3. Oxpawusanue moHoHyKA€apO8, 8bl0eACHHBIX U3 Nepudeputeckoil kposu, Ha yumonatazmamudeckuii CD22. MoHnonykaeapsl, ces3asuiuecs ¢ aHmu-
meaamu k CD19 (a, ¢) u CD7 (b) na 6uouune, oxpawusanru na yumonasasmamuueckuit CD22 (a, b). Ha puc. ¢ npedcmasnen ompuyamenvuuiii KoHmpons
(aumu-CD3-FITC 3amenen na FITC-meuennsiii (FITC — payopecueur uzomuoyuanam) uzomunu4eckuti KoHmpoan). * 1000, macuumabrolii ompe3ok co-
omeemcmeyem 10 mxm. Ha puc. d npedcmaenena unmencusHocms okpawuganus moHonykaeapos anti-CD22-FITC ¢ ucnoavsosanuem npomokona ¢ um-
MYHOGepmeHmHbIM ycunrenuem. YepHoim yeemom 0003HaUeHa UHMEHCUBHOCMb MOHOHYKAeapoe, ceszaguuxcs ¢ anmumenamu k CD19 na 6uouune u oxkpa-
wenroix 1gG1-FITC (1gG — ummyroenobyaun G 1), cepoim — MoHOHYKACAPOB, ceszasuiuxcs ¢ anmumenamu k CD7 na 6uoyune u okpawerroix anti-CD22-FITC,
OenbiM — MOHOHYKAeapos, ceszasuiuxcs ¢ anmumenamu k CD19 na 6uouune u oxpawentoix anti-CD22-FITC
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Anti-Ki-67
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Fig. 4. Anti-Ki-67-FITC (FITC — fluorescein isothiocyanate) staining according to protocol with enzyme-enhanced immunocytochemical detection (EEID)
of anti-CD45-captured Jurkat cells. x 1000, the scale 10 um. IgG — immunoglobulin G

Puc. 4. Oxpawuesanue anti-Ki-67-FITC (FITC — ¢hayopecuyeun uzomuoyuanam) no npomoxKosy ¢ UMMyHO(pepMeHmHbIM ycunenuem kaemok Jurkat, ceszae-
wuxcs ¢ aumumenamu k CD45 na knemournom 6uouune. x 1000, macuima6 10 mxm. IgG — ummynoerobyaun G
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Fig. 5. Intensity of anti-CD3-FITC (FITC — fluorescein isothiocyanate) staining of anti-CD7- and anti-CD 19-captured normal peripheral blood mononuclear
cells for cytoplasmic CD3 according to protocol with enhancement after storage 0 and 7 days. x 1000, the scale 10 mm

Puc. 5. Hnmencusnocmo oxkpawusanus anmu-CD3-FITC (FITC — ¢hayopecyeun usomuoyuanam) no npomokony ycuneHus, MOHOHYKAeapos, 8bl0eNeHHbIX
u3 nepugepuueckoil Kposu u ceszasuiuxcs Ha ououune ¢ anmumenamu k CD7- uau CD19, nocae 0 u 7 oneii xpanenus. x 1000, macuma6 10 mxm
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Fig. 6. The protocol with enzyme-enhanced immunocytochemical detection application to T-lymphoblastic leukemia diagnosis: a — anti-CD19-captured
mononuclear cells from bone marrow aspirate of patient M.; b — anti-CD2-captured mononuclear cells from bone marrow aspirate of patient R. Panels 1,
3 — morphology; panels 2, 4 — anti-CD3 staining with enzyme-linked enhancement. x 1000, the scale 10 mm

Puc. 6. [Ipumenenue npomokona ¢ uMmyHogepmeHmHbIM ycuneHuem os ouazHocmuru T-Kaemouno2o aumpobaacmuoeo neikosa: a — MOHOHYKAeapbl,
8bl0eNeHHbIE U3 ACRUPAMA KOCMHO020 Mo32a nauuenma M. u céazasuuecs ¢ anmu-CD19 na kaemourom Guouune; b — MoHOHYKAeapbl, Gbl0eNeHHble U3 AC-
nupama Kocmozo mosea nayuenma P. u ceszasuwuecs ¢ anmu-CD2 na knemounom 6uouune. Ilaneau 1, 3 — mopghonoeus onyxonegvix kaemok, naneau 2,
4 — oxpawusarnue anmu-CD3-anmumenamu c ycuaenuem. x 1000, macuma6 10 mxm

cytometry data. The microarray analysis of the mononuclear
fraction of bone marrow aspirate showed immature cells
of average size, with large nuclei of irregular shape containing
one or two nucleoli and scarce cytoplasm without granulation
captured by anti-CD2, anti-CD7, anti-CD13, anti-CD33,
anti-CD45RA, anti-CD117 and anti-HLA-DR (see fig. 6, b,
panel 3). The presence of the earliest T cell marker CD7
together with myeloid markers, CD13, CD33, CD117 resulted
in differential diagnosis between acute myeloid leukemia and
early T cell precursor leukemia, a recently suggested diagnostic
entity separated from pro-T-ALL [14]. Cytoplasmic CD3
staining of the microarray-captured cells showed the 45 %
of anti-CD45RA-captured blasts stained positive for CD3 (see
fig. 6, b, panel 4). According to the current guidelines, this data
led to the diagnosis of early T cell precursor acute lymphoblastic
leukemia [15].

DISCUSSION

The application of enzyme-linked enhancement
increases the detection sensitivity, permits to use light
microscopy for detection and to store the samples for later
reexamination. Our data shows that the dry microarray with
captured cells can be stored for up to 5 days before staining
for intracellular markers, which is an advantage for
a diagnostic laboratory. The application of mouse
FITC-labeled primary and anti-FITC enzyme-linked
secondary antibodies widens the choice for primary

antibodies that can be applied to the cells captured
by the immobilized mouse IgG on the microarray.

From the two enzymes commonly used in enzyme-
linked enhancement, AP is a better choice for the analysis
of mononuclear fraction of peripheral blood and bone
marrow aspirate than the horseradish peroxidase (HRP).
HRP colorimetric substrates also react with myeloperoxidase
present in all myeloid cells [16]. Thus the myeloperoxidase
present in normal or leukemic mononuclear cells would
interfere with the detection of HRP introduced for signal
enhancement. AP is present only in polymorphonuclear
neutrophils [17] most of which are eliminated during
the purification of the mononuclear cell fraction. However,
the AP signal from a few mature neutrophils present
in the sample should be taken into account during analysis.

Anti-CD antibody microarray on a transparent support
is an attractive analogue to multicolour leukocyte
immunocytochemistry for surface markers. Its main
advantage lies in the possibility of high-resolution morphology
examination of microarray-sorted cells. The diagnostic
potential for this method for most chronic B-cell leukemias
as well as for acute myeloid leukemia and acute B cell
lymphoblastic leukemia has been demonstrated before [6].
However, the differential diagnosis of acute leukemias
of T cell origin requires detection of intracellular CD3.
The method described here eliminates the limitations
for diagnostic applications of anti-CD antibody microarray



SKCMEPUMEHTAJIbHBIE CTATbU

in leukemia diagnosis. It can also be used to test for coexpression
of any surface with any intracellular marker on the same cells
if the antibody specific for the surface marker is spotted
on the microarray and used for cell sorting.

CONCLUSION

We described a new protocol of immunocytochemical
detection of internal proteins in mononuclear cells captured
by mouse anti-CD antibodies on the microarray surface.
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