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EDITORIAL

The journal Hamopoiesis Immunology is increasingly acquiring features of a periodical
publication. To meet the interests of our foreign colleagues we are publishing in this issue
(Ne 2/2006) English versions of three presentations from issue 1/2006 that were in Russian
only. The volume also contains a description of a study of mobilized stem cell subpopula-
tions in patients with severe spine cord trauma. This paper is in Russian because its extend-
ed English version is published in Journal of Biological Regulators and Homeostatic
Agents, 2006, V. 20, Ne 1-2. The presentation provides evidence of the presence of a
marked proportion of CD45- cells among mobilized CD34* peripheral blood cells and
provides a rationale for study of gp 130 receptor activation on these cells.

Since 2007 we are launching the journal as a fully double-language periodical. The first
issue will contain presentations on immunomorphologic diagnosis of MALT-lymphomas
by gastric biopsy, immunoglobulin-secreting peripheral B-cell lymphomas, the role of
immunomorphologic study of tumor substrate in Hodgkin's lymphoma.

Hope these publications will be of interest for our readers.

Editor-in-chief of «<Haematopoiesis Immunology»

Professor N. N. Tupitsyn, MD, PhD, DSc (Med)

Laboratory of HAimatopoiesis Immunology, Head

State N.N. Blokhin Russian Cancer Research Center

affiliated to the Russian Academy of Medical Sciences, Russian Federation

Publication of this volume of «Haematopoiesis Immunology» was financially supported by
NeuroVita clinic of Restorative Interventional Neurology and Therapy,
Moscow, Russian Federation
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UDC: 616-006, 446, 8-097.616-076.5:612.419.014

N. A. Kupryshina, M. A. Frenkel, N. N. Tupitsyn

IMMUNOPHENOTYPING AND MORPHOCYTO-
CHEMICAL CHARACTERIZATION
OF ACUTE MYELOID LEUKEMIAS
WITH EXPRESSION OF STEM CELL ANTIGEN CD34

State N.N. Blokhin Russian Cancer Research Center
affiliated to the Russian Academy of Medical Sciences, Russian Federation, Moscow

Abstract

Morphocytochemical and immunophenotypic features of CD34+ blast cell cases were
studied in 81 patients with newly diagnosed acute myeloid leukemia (AML). AML M0 FAB-
subtype was found in 10 (12.3%), AML M1 in 18 (22.2%), AML M2 in 18 (22.2%),
AML M3in 5 (6.2%), AML M4 in 17 (21.0%), AML M5 in 8 (9.9%), AML M6 in 3 (3.7%)
patients. There were also AML M7 and mixed linear subtypes found. Stem cell antigen CD34
(>10%) was discovered in 61/81 (76.5%) patients. The CD34+ type was defined in 100% of
AML MO, 66.7% of AML M1, 94.4% of AML M2, 20.0% of AML M3, 78.6% of AML M4
and 50.0% of AML M5 cases. Features specific of CD34+ versus CD34 cases were: by mor-
phology, a less prominent granularity (p=0.0001) and monocytoid-shape nuclei (p=0.001);
by cytochemistry, a lower myeloperoxidase (MPO) activity in MO — M3 cases (p=0.003) and
inhibitable a-naphthyl acetate esterase (ANAE) activity in M4 — M35 cases (p=0.006) as well
as sudan black positivity (p=0.005) and diffuse PAS positivity (p=0.0001); by immunopheno-
typing, higher levels of HLA-DR (p=0.0001) and CD38 (p=0.0001). Proportion of CD34+
blasts was positively related with CD13+ (p=0.01) and negatively related with CD33+ blasts
(p=0.0001). Leukemic stem cells (CD34+CD38-) were seen in 23.4% of AML cases.
Dysgranulopoiesis, dyserythropoiesis and dysmegakaryopoiesis were defined in 58 (71.6), 55
(67.9%) and 56 (69.1%) cases respectively. Granulocytic dysplasia was detected 2-fold more
frequently in CD34+ AML as compared to CD34 AML. Moreover, CD34 expression was
associated with the count of pseudo Pelger-Huet anomaly granulocytes (p=0.002).

Key words:
Acute myeloid leukemia (AML), stem cell antigen CD34, myeloperoxidase (MPO).

List of abbreviations:

ALL — Acute lymphoblastic leukemia

AML — Acute myeloid leukemia

ANAE — Nonspecific esterase (o-naphthyl acetate esterase)
BM — Bone marrow

HSC — Hemopoietic stem cell
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LSC — Leukemic stem cell

MDS — Myelodysplastic syndrome
MKC — Megakaryocyte

MPO — Myeloperoxidase

MRD — Minimal residual disease

Introduction

The diagnosis of acute myeloid leukemia (AML) is historically based on comparison of
morphological, cytochemical and immunophenotyping features. Blasts of granulocytic
leukemia look similar to normal granulocytes by granularity and myeloperoxidase (MPO)
activity. Monoblastic leukemia cells are similar to normal cells of the same lineage by mor-
phology, nucleus shape and nonspecific esterase activity. Morphocytochemical signs are a
basis for AML subtyping by degree of blast differentiation (M0-M3, M5a, M5b etc). If
blasts have no clear morphocytochemical characteristics, it is immunophenotyping that
plays the main role in the diagnosis to confirm myeloid nature of the leukemia in question
and degree of blast maturity. Immunophenotyping is the most important in erythroblastic
(M6), megakaryoblastic (M7) and minimally differentiated (M0) AML.

It should be noted that morphological and cytochemical features help to identify the
most mature blast fraction with clear-cut hemopoietic lineage characteristics, however
identification of blast lineage provides no information about the level of malignant trans-
formation or leukemic clone structure.

Given the high intensity of today AML polychemotherapy regimens, most conventional
clinical, hematologic and morphocytochemical (FAB subtype) signs fail to play important
role in the prognosis of AML (I.G. Markina, N.N. Tupitsyn, L.Yu. Andreeva et al 2002).
That is why new molecular criteria for the diagnosis and prognosis of AML are required.

The current WHO, 2001 classification is based on conventional morphocytochemical
and immunophenotyping characteristics of blasts together with molecular and cytogenet-
ic signs such as the presence of repeating chromosomal aberrations or specific changes
(dysplasia) in cells of residual myelopoiesis.

There is much debate about potential utility of characteristics of the least mature AML
fraction in the diagnosis. Modern tests identify CD34* early precursors and provide
detailed immunophenotyping and functional analysis. Promising prospects of stem cell
fraction study in leukemic clones are based on the following provisions:

1. In AML the CD34™" blast fraction contains leukemic stem cells. There are
reports (H. T. Hassan, A. Zander, 1996; R.T. Costello, F. Mallet ,B. Gaugler et al., 2000)
demonstrating that overall efficacy of treatment may depend upon their proportion in the
leukemic clone and degree of eradication as a result of therapy.

2. The CD34™ fraction in the leukemic clone is significantly often associated with
aberrant immunophenotype of malignant cells and expression of linearly unrelated anti-
gens, which may be used in the monitoring of minimal residual disease (MRD)
(A. Macedo, A. Orfao, M. Gonzales et al., 1995; D. M. Bahia, M. Yamamoto,
M. L. Chauffaile et al., 2001).
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3. Many reports demonstrate association of blast resistance with the presence of
CD34* leukemic cells, that may account for poor results of the treatment in such cases
(O. Legrand, S. Zompi, J. Y. Perrot et al., 2004).

4. High-dose chemotherapy with autologous hemopoietic stem cell (HSC) grafting
is a common treatment in AML. This requires clear-cut characterization of CD34% stem
cells to differentiate normal from leukemic ones (J. L. Harousseau, J. Y. Cahn, Pignon et
al., 1997; P. A. Casileth, D. P. Harrington, E. R. Appelbaum et al., 1998).

Discovery of a specific stem cell marker, antigen CD34 in the mid 1980's allowed char-
acterization of the earliest blast fraction.

There are different opinions about the effect of CD34-positivity on prognosis: some
authors report of CD34" cases having a poor prognosis (S. J. Wells, R. A. Bray,
L. L. Stempora et al., 1996; H. T. Hassan, A. Zander, 1996) or CD34-positivity to be
inversely related to complete response rate (E. Solary, R. O. Casasnovas, L. Campos et al.,
1992), while others deny any relationship between CD34-positivity and prognosis
(S. Ciolli, E Leoni, R. Caporale et al., 1993). Both CD34™" blast proportion in the
leukemic clone and degree of antigen expression play a role in the prognosis
(G. M. Rigolin, FE Lanza, L. Ferrari et al., 1995).

There is a vast literature on the poor prognostic role of CD34 expression in AML
(D. Raspadori, E Lauris, M. A. Ventura et al., 1997; R. Costello, E. Malet, H. Chambost
et al., 1999), which is also confirmed by studies conducted at the N. N. Blokhin CRC
(I. G. Markina, N. N. Tupitsyn, L. Yu. Andreeva, 2002; O. Yu. Baranova, M. A. Volkova,
M. A. Frenkel, 2005).

It should be noted that study potential of the least mature blast component in AML is
limited, however new markers have recently appeared in addition to CD34 such as AC
133, CD117 (in comparison with other common myeloid markers), as well as non-linear-
ly restricted antigens such as HLA-DR, CD71, CD38 and others.

Study of the earliest CD34-expressing blast fraction in AML seems therefore promising.

Materials and methods

The study group consisted of 81 patients with AML. All the patients had newly diag-
nosed AML, received no previous chemoradiotherapy and were free from myelodysplasia
syndrome (MDS). The patients were examined at the Laboratory of Haematopoiesis
Immunology (head Professor N. N. Tupitsyn.) N. N. Blokhin CRC RAMS (director
Academician, Professor M. I. Davydov) during 2003 to 2005.

There were 47 (58.0%) females and 34 (42.0%) males in the study group. Mean age of
males and females with AML was 46.143.1 and 48.6+2.6 years respectively.

Morphological, cytochemical study and immunophenotyping were performed on bone
marrow (BM) aspiration biopsies. BM, 0.5—1 ml was harvested to Vakutainer tubes with
dry EDTA. BM smears were prepared for morphologic and cytochemical studies, the
remaining cells were used for immunophenotyping.

BM characteristics were assessed by a procedure described by A.I.Vorobyev (2002). BM
cellularity was assessed using a Goryaev chamber, myelokaryocyte count was presented
as a number of cells x109/1. Megakaryocyte (MKC) count was determined in a Goryaev
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chamber (x109/1) and in BM smears during morphologic study, as well as in nonspecific
esterase-stained smears.

Myelogram was counted by two independent morphologists (250 cells each) on
Pappenheim-stained BM smears. Blastogram including blast size, nucleus-cytoplasm
ratio, ratio of cells with regular and irregular nuclear shape, count of blasts with granular-
ity and Auer rods, count of blasts with cytoplasm vacuolization and basophily was obtained
for all cases.

Cytochemical study included activity measurement of myeloperoxidase (MPO), o--naph-
thyl-acetate esterase (ANAE) alone and with NaF inhibition, lipid identification in a reac-
tion with sudan black B, diffuse or granular PAS-positive substance. The number of blasts
with positive cytochemical test was presented as percentage.

AML was diagnosed by WHO (2001) classification in all cases, proportion of blasts was
above 20% in all cases. AML subtype was defined by FAB (1991) criteria (J. M. Bennet,
D. Catovsky, M. T. Daniel et al., 1991) basing on blast morphocytochemical and
immunophenotyping characteristics.

Distribution of cases by FAB subtypes is shown in table 1.

Table 2.
Blast study panel in AML
Characteristics Sign analyzed No. of patients examined (%)
1. % of blasts 81(100)
Morphology 2. Blastogram 81(100)
1. Peroxidase 80 (98.8)
2. Lipids 51(64.2)
Cytochemistry 3. PAS-positive substance 80 (98.8)
4. o-Naphthyl-acetate
esterase with NaF inhibition 80 (98.8)
1. Early antigen CD34 81 (100)
2. Common leukocytic 81(100)

antigen CD45
3. Non-linearly restricted

antigens
CD38 76 (93.8)
HLA-DR 81(100)
4. Myeloid CD13 81 (100)
CD33 81(100)
5. Monocytic CD64 55 (67.9)
) CD14 19 (23.5)
Immunophenotyping 6. Common ALL antigen
CD10 79 (97.5)
7. B-lineage CD19 81 (100)
CD20 76 (93.8)
CD23 72(88.9)
8. T-lineage CD7 81(100)
CD3 76 (93.8)
CD5 76 (93.8)
CD4 72(88.9)
CD8 72(88.9)
9. NK-cell CD56 70 (86.4)

Table 1.
Distribution of AML cases by FAB types
Types Patients
Ne %

MO (poorly differentiated, myeloblastic) 10 12.3
M1 (myeloblastic without maturation) 18 22.2
M2 (myeloblastic with maturation) 18 22.2
M3 (promyelocytic) 5 6.2
M4 (myelomonoblastic) 14 17.3
M4__ (myelomonoblastic with eosinophilia) 3 3.7
M5a (monoblastic wilthout matulration) 5/8 9.9
M5b (monoblastic with maturation) 3/8

M6 (erythroblastic) 3 3.7
M7 (megakaryoblastic) 1 1.2
Mixed lineage 1 1.2
Total 81 100

Immunophenotyping was performed by direct immunofluorescence using triple fluores-
cent labeling. The monoclonal antibody panel included antibodies to common leukocytic
antigen CD45, stem cell antigen CD34, non-linearly restricted antigens CD38 and HLA-
DR, antigens of myeloid (CD13 and CD33), monocytic (CD14 and CD64), erythroid
(glycophorin A — GlyA), megakaryocytic (CD61) differentiation lineages, common acute
lymphoblastic leukemia (ALL) antigen CD10, B-, T-lineage antigens and NK-cell anti-
gen CD56. A test was considered positive, if the respective marker was present on more
than 10% of leukemic cells for CD34 and on more than 20% blasts for the remaining anti-
gens. The blast study panel is shown in table 2.

Immunophenotyping findings were analyzed by flow cytofluorimetry using a FACScan
(Becton Dickinson, USA) instrument. At least 10,000 events were collected.

Blast gate was determined by light scattering and exrpession of common leukocyte anti-
gen CD45 (N.N.Tupitsyn.,Z.G.Kadagidze,N.N.Shatinina et al. Immunodiagnosis of
human haemoblastoses 2003). Blasts demonstrate a weaker CD45 expression as compared
to lymphocytes and lower light scattering characteristics as compared to mature/maturat-
ing granulocytes.

The method is schematically presented in pic. 1.

Features of residual myelopoiesis elements were assessed in parallel with blast cells.
Frequency of dysplasia signs in granulocytic, erythroid and megakaryocytic elements was
analyzed. Dyshemopoiesis assessment was performed by two independent cytologists.

Granulocyte, erythroid and MKC dysplasias were assessed by WHO (2001) criteria.
More than 50% cells of each hemopoietic lineage had to show dysplasia signs. One hun-
dred cells of granulocytic and erythroid lineages are normally counted, however in
cytopenic cases dysplasia is diagnosed by counting at least 25 granulocytes or erythroid
cells and 5 MKC (or by the presence of 3 dysplastic MKC). One-, two-, or three-lineage
dysplasia is defined basing on the number of dysplastic cell lineages diagnosed. At the same
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Pic. 1. Blast gate identification by light scattering and expression of common leukocytic
antigen CD45:

A. — Blast gate in M0 AML;

B. — Blast gate in M2 AML;

C. — Blast gate in M5 AML
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Pic. 2. Bone marrow profile and CD34 expression on blasts in M0 AML:
A. — Blasts in M0 AML;
B. — CD7 FITC-CD34 PE
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time, the WHO classification specifies an individual AML subtype with multilinear dys-
plasia as defined by changes in 2 or 3 myelopoiesis lineages.

We counted partial contents of normal and dysplastic cells in each (granulocyte, ery-
throid and MKC) cell population.

When counting dysplastic neutrophils (granulocytogram) we specified hypogranular
and pseudo Pelger-Huet anomaly neutrophils and MPO activity in neutrophils. Dysplastic
erythroid cells were defined as cells with megaloblastoid features and dysplasia signs. If
extended erythroid population was detected, BM smears were stained for siderophilic
granules. The diagnosis of MKC dysplasia involved identification of mononuclear cells
and MKC microforms in Pappenheim- and nonspecific esterase-stained BM smears.
MKC contain nonspecific esterase resistant to NaF inhibition and are clearly seen by light
microscopy. This technique allows identification of micro- or mononuclear MKC that are
hardly seen after morphologic staining (table 3).

Table 3.
Morphological and cytochemical characteristics of myelopoiesis in AML patients

I -~ No. of patients assessed/Total No.
Myelopoiesis lineage Characteristics of patients (%)
1. Morphology 58/81 (71.6)
- normal
with pseudo
Granulocytes Pelger-Huet
anomaly
- hypogranular
2.  MPO activity 58/81(71.6)
1. Morphology 55/81 (67.9)
normal
Erythroids - megaloblastoid
dysplastic
2. Ring sideroblasts 2/81(2.5)
Morphology
Megakaryocytes ”moc::;:'uclear 56/81(69.1)
microforms
Two-lineage dysplasia - 56/81 (69.1)
Three-lineage dysplasia - 40/81 (49.4)

Assessment of dysgranulopoiesis, dyserythropoiesis and dysmegakaryopoiesis was made
in 58 (71.6), 55 (67.9%) and 56 (69.1%) cases respectively.

Cytometry findings were analyzed using PC WinMDI.

Statistical analysis of data involved correlation analysis and comparison of means.
Significance of parametric signs was assessed by Student's test. Comparison of nonpara-
metric data was made by means in contingency tables (chi-squared test). Statistical analy-
sis was performed using SPSS 10.0 for Windows.
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Results

Stem cell antigen CD34 exspression (>10% cells) was found in 62 of 81 (76.5%) AML
patients. Distribution of antigen expression frequencies with respect to FAB-subtypes was
as follows: 100% in MO0, 66.7% in M1, 94.4% in M2, 20.0% in M3, 78.6% in M4, 100% in
Md4eos, 50% in M5. CD34 was present on cells from all 3 patients with M6 subtype and
the patient with mixed lineage leukemia, and was absent in M7 (1 case).

High levels of the antigen expression (>50%) were found on blasts with minimal dif-
ferentiation only (pic. 2). A greater than 50% CD34 expression was discovered in all
MO cases, with an average level of CD34% cells 82.5%. In all other AML subtypes
(M1—M6) mean number of CD34™ cells was not greater than 50% (11.0 to 49.1%) and
was significantly lower (p<0.01) (pic. 3). These results show that expression of the
stem cell antigen on early precursors significantly differs by percentage from that on
more differentiated cells.
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Pic. 3. CD34 expression in FAB subtypes

Correlation analysis between CD34 expression and morphocytochemical characteris-
tics of blasts discovered some regularities. CD34 expression was associated significantly
with low granularity rate (r= -0.51, p=0.000), number of sudan-positive (r= -0.38,
p=0.005) and PAS-positive blasts (r= -0.43, p=0.000), i.e. CD34 cell proportion was
inversely related to percent of cells with morphocytochemical parameters characteristic
of myeloblast differentiation. There was no relationship between CD34 expression and
MPO in the entire AML patient group (p=0.08), however these parameters were inverse-
ly and significantly related in M0-M4 subtypes (p=0.02) in which MPO expression was a
diagnostic marker (pic. 4). The statistical significance increased for granulocytic
(M1—M3) leukemia subtypes (p=0.003).

We performed a similar study to assess relationship between CD34 expression and
characteristic features of monoblasts. CD34 cell percentage was inversely related to the
number of blasts with irregular (monocytoid) nuclei (r= -0.36, p=0.001) and nonspecif-
ic esterase activity (r=-0.30, p=0.006).
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Pic. 4. MPO activity and CD34 expression in M0—M3 AML:
1. — M0 AML; 2. — M1 AML; 3. — M2 AML; 4. — M3 AML

These findings demonstrate that high levels of the CD34 expression (%% of blasts) are
characteristic of the least mature precursors of M0 and decrease with blasts differentiation
as determined by morphocytochemistry.

MPO activity is not found in normal CD34* HSC population. This enzyme appears in
cells with granulocytic commitment. Of much interest are cases with high levels of CD34
expression and MPO activity in blasts. In our study high levels of CD34 expression
(>50%) together with high number of MPO+ blasts (>50%) were found in 9 (11.1%)
AML patients including 2 with M1, 4 with M2 and 3 with M4. The total of MPO+ and
CD34™" blasts was greater than 100%. This means that some CD34™" blasts also contained
the specific granulocytic enzyme MPO. These findings suggest that asynchronous matu-
ration of leukemic cells with remaining CD34 expression on MPO+ differentiated blasts
may be detectable. Such specific characterization of blasts may be useful in monitoring of
residual disease.

Our findings demonstrate a great variability of relationship between blast antigen profile
and enzyme status in AML. In early AML (MO and M1) high levels of stem cell
antigen CD34 are found together with the absence or low levels of the specific enzyme
(MPO) which makes unlikely their simultaneous presence on the same cell. Coexpression
of CD34 and MPO characteristic of aberrant phenotype may be seen in rare cases (about
10%) of differentiated disease.

CD34+ blasts had specific immunophenotyping characteristics. CD34 expression was
correlated with other markers of early stages of granulocytic differentiation such as CD38
(r= 0.46, p=0.000) and HLA-DR (r= 0.52, p=0.000) which might be evidence of very
early myeloid precursors transformation in AML cases (pic. 5).
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Pic. 5. HLA-DR and CD38 expression on blasts with respect to CD34 expression in AML:
1. — HLA-DR expression parameters;
2. — CD38 expression parameters

Leukemic clones have a fraction of early, so called leukemic stem cells (LSC). As report-
ed in the literature, cells with CD34+CD38- phenotype are the earliest in the population
of normal and leukemic stem cells. These cells demonstrate increased expression of mul-
tiple drug resistance gene and decreased expression of apoptosis mediator antigens.

Analysis of occurrence of this fraction was a separate objective of the study.

As seen in table 4, CD34+CD38- hemopoietic precursor fraction was found in almost all
AML subtypes (in 23.4% of the patients). Subtypes M3, M6 and M7 were an exception
and had no such a blast fraction. Primitive (CD341tCD38-) stem leukemic elements may
be discovered in most FAB-subtypes of AML in about a quarter of cases. It seems reason-
able to include such patients first of all in the group for monitoring MRD since it is this
fraction that can resist to drug therapy and may account for treatment failure in AML.

Expression of HLA-DR molecule associated with early stages of blast granulocytic dif-
ferentiation was found in most cases (72.2 to 100%) in all AML types except M3 in our
study. However, mean intensity of its expression was significantly greater in the earliest M0
type (84.4+£3.0% of positive cells) as compared with granulocytic leukemia types
(51.3+8.3% and 56.5+4.2% respectively, p<0.01). HLA-DR was expressed in a vast major-
ity (87.5—100%) of monoblastic (M4-MS5) AML types, the difference in mean numbers of
positive cells in comparison with M0 (77.1£5.1 and 78.9+10.8% respectively) was not sig-
nificant. One of 5 cases with M3 type was HLA-DR-positive.

AML blasts with myeloid commitment are characterized by expression of pan-myeloid
antigens CD33 and CD13. Analysis of myeloid antigen expression with respect to the pres-
ence or absence of stem cell antigen CD34 revealed some regularities. For instance, CD34
expression demonstrated a positive correlation with CD13 expression and a negative rela-
tionship with CD33 expression (p=0.01 and p=0.000, respectively).

Analysis of myeloid antigen expression separately in CD34" and CD34- patients showed
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Table 4.
Frequency of early blast fraction with CD34+CD38 phenotype with respect to FAB-subtypes
Type Patients
No. %
MO 3/10 33.3
M1 4/18 22.2
M2 6/17 35.3
M4 4/16 25.0
M5 1/7 14.3
Total 18/81 23.4

both myeloid antigens to be present in most cases (table 5).

CD34tCD33+*CD13" blast phenotype was most common in all FAB-subtypes
except M3.

Expression of CD13 alone was characteristic of CD341t AML. Cells with CD34tCD13tCD33-
phenotype appear at early stages of leukemic myeloid cell differentiation. Such cells were typ-
ical of MO0 cases and found in a quarter of M1 ones. It should be emphasized that this blast sub-
type is considered the earliest one by morphocytochemical characteristics of myeloid differen-
tiation (no granularity, low MPO activity, low lipid content).

In opposite, expression of myeloid antigen CD33 alone was more typical for CD34
cases mainly with M5 AML. The earliest M0 subtype was characterized by much higher
mean numbers of CD13% (84.0+4.1%) blasts and much lower numbers of CD33%
(35.319.3%) ones than in other AML subtypes (35.8 to 68.1% and 65.3 to 82.9% respec-
tively, p<0.05).

CD64 expression was inversely correlated with CD34 (p<0.001). Monoblastic leukemia
types (M4—M35) with high activity of inhibitable ANAE demonstrated no expression of specif-
ic antigen CD64 in 19% (4/12) of cases. All the CD64- cases had high expression of CD34 as

Table 5.
Myeloid precursor subpopulations in AML types
Blast MO M1 M2 M3 M4 M5 Total*
subpopulation n=10 n=18 n=18 n=5 n=17 n=8 n=76
it 4 At 6/10 6/12 16/17 1/1 12/14 2/4 43/58
CD34/33/13 (60 (50) (94.1) (100) (85.7) (50) (74.2)
e 10t 4/10 4/12 2/14 10/58
CD347/33 /13 (40) (33.3) 0 0 (14.3) 0 (17.2)
et e 2/12 117 2/4 5/58
CD347/33°/13 0 (16.7) (5.9) 0 0 (50) (8.6)
— it 74t 6/6 11 3/4 3/3 1/4 14/18
CD347/33/13 0 (100) (100) (75) (100) (25) (77.8)
— jam- /4t 1/4 1/18
CD347/337/13 0 0 0 (25) 0 0 (5.6)
et 4o 3/4 3/18
CD347/337/13 0 0 0 0 0 (75) (16.6)
* No. of patients having the sign/No. of patients assessed (%)
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compared to other monoblastic leukemias with lower CD34 expression (93.8% versus 28.6%).
Acute erythromyelosis (M6) and acute megakaryoblastic leukemia were diagnosed in 3
and 1 cases respectively. By immunology, blasts in M6 AML were characterized by low
CD34 expression (17.2 to 39.7%) and the presence of a specific molecule Gly A (pic. 6).
In M7 AML blasts were classified as CD34- with expression of specific megakaryoblast
antigen CD61 (pic. 7).
Blasts in acute leukemia with mixed differentiation lineages were characterized by
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Pic. 6. Bone marrow picture and immunophenotyping findings in M6 AML:
A. — Bone marrow profile;

B. — CD7 FITC-CD34 PE;

C. — CD61 FITC-Gly A PE

high CD34 expression and the presence of markers of different lineages such as CD33,
CD13 and B-lymphoid ones CD10, CD19 (pic. 8).

Leukemic blasts in AML have a characteristic disorder in antigenic profile on surface
membranes. Aberrant immunophenotype demonstrates expression of myeloid and lym-
phoid antigens, the latter correlating with immaturity of clone generation elements and
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Pic. 7. Bone marrow picture and immunophenotyping findings in M6 AML:
A. — Bone marrow profile;
B. — CD61 FITC-Gly A PE

early differentiation stages. Frequency of aberrant expression of “lymphoid” antigens in
our study is demonstrated in table 6.

Expression of CD7, typically present at early stages of cell differentiation, was found in
17 of 81 (21%) patients. There was no CD7 expression in M3, M5b, M6 and M7 types.
There was a high, significant and direct correlation between CD7 and stem cell CD34
expressions (r=0.31, p=0.005) that might characterize early precursors in the leukemic
clone in most AML types.

The most frequent expression of B-lymphoid antigen CD19 in M2 AML, a rather
mature acute myeloleukemia by morphocytochemistry, may seem to be a contradiction.
However CD34 was expressed almost in all M2 cases and tended to correlate with lym-
phoid marker CD19.

Aberrant expression of CD56, CD4, CD5 and CD10 demonstrated in our study may be

Table 6.
Frequency of “lymphoid” associated antigens in AML types
Antigen MO M1 M2 M3 M4 M5 M6 M7 Total*
o7 | ooy | be | 6m | O | oam | m | © | ' | ‘o
s | o | welue o [yel o | o | o | g
co4 o |5 | fae | O | (Gee | we | ° | ° | (ue
CD10 0 0 0 0 0 (112{?5) 0 0 (11/739)
et 0 0 (;/21- g) 0 15/23)7 ( 112/ .85 ) 0 0 :37/ _Eg
cose | 0 | gom | omy | © | o | em | © | © | toim

* No. of positive cases/No. of patients assessed (%)
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Pic. 8. CD34, CD33, CD13, CD10, CD19, CD7 and CD3 expression in acute mixed lin-
eage leukemia

used in monitoring of MRD during remission as well as for differentiation between
leukemic and normal precursors during cell mobilization for autologous grafting.

Aberrant expression may be a combination of antigens of different myeloid lineages. For
instance, there were the following molecules expressed on myeloblasts of various degree of
differentiation: monocytic antigen CD64 in 35.5% (11/31), erythroid antigen GIlyA in
9.1% (4/14), MKC antigen CD61 in 8.5% (3/34) of cases. This may be explained by asyn-
chronous appearance of antigenic and enzymatic characteristics of blasts. Such observa-
tions are of much importance in the diagnostic practice and prove reasonable the use of
various approaches to blast assessment in AML.

Assessment of multilineage dysplasia of residual myelopoiesis elements has recently
started to play an important role in characterization of AML. Granulocyte and MKC dys-
plasias were the most common types as detected in about half of the 56 patients examined
(44.8% and 51.8% respectively). Erythroid dysplasia was found in isolated cases (8.9%).
Multilineage dysplasia (23.2%) was represented as dysplasia of two lineages, mainly of
granulocytes and MKC. There were no three-lineage dysplasias in our patient group.

Analysis of occurrence of different dysplasia types with respect to CD34 expression on
blasts demonstrated that granulocyte dysplasia was found about two-fold more frequently
(55.6% versus 30.8%, p<0.1) in CD34* cases, while frequency of MKC, erythroid and
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two-lineage dysplasias showed no relation with expression of this antigen.

Some parameters of neutrophil changes were analyzed to clarify granulocyte dysplasia
characteristics, such as size, the presence of granularity and pseudo Pelger-Huet anomaly.

Pseudo Pelger-Huet anomaly was found in half of the cases. The number of neutrophils
with pseudo Pelger-Huet anomaly was significantly higher in CD34* than in CD34- blasts
(87.1% versus 12.9%, p=0.002).

Erythroid dysplasia was seen only in CD34- blasts, though there were too few cases in
our study to make definite conclusions about this finding.

As a whole, our assessment of relationship between dysplasia and blast maturity or
CD34-positivity suggests certain significant associations. This may be another sign of rela-
tionship between CD34 expression on blasts and dysplasia of recognizable myelopoiesis
elements.

Therefore, results of our study demonstrate that CID34 expression on blasts in AML is a
characteristic of less mature leukemia forms as assessed by morphocytochemistry and
immunology and is associated with myelodysplasia manifestations in residual blasts.

Conclusions

1. Blasts in AML may be divided into two groups with respect to the presence of mem-
brane stem cell antigen CD34, i.e. less mature (CD34%) and more mature (CD34-) types
by most morphocytochemical and immunophenotypical characteristics.

2. CD34* AML are characterized by significantly lower content of morphologically dif-
ferentiated myeloblasts with granularity (p=0.000) and monoblasts with typical monocy-
toid nuclei (p=0.001) as compared with CD34 disease.

3. Characteristic cytochemical features of CD34" AML include low activity of MPO in
M0—M3 AML (p=0.003) and of inhibitable ANAE in M4-M5 (p=0.006) as well as
decreased content of lipids (p=0.005) and diffuse PAS-substance (p=0.000).

4. By immunophenotyping, CD34" AML differ from CD34- ones by higher degree of
expression of early granulocyte differentiation markers such as HLA-DR (p=0.000) and
CD38 (p=0.000).

5. About a quarter (23.4%) of AML cases have blasts with stem leukemic cell phenotype
CD34+CD38-. This fraction is the largest in M0 (33.3%) and M2 (35.3%), is absent in M3
and is found with an intermediate frequency (14.3 to 25.0%) in other AML types.

6. CD34 expression is related directly to CD13 expression (p=0.01) and inversely to
CD33 one (p=0.000). Basing on this relationship we defined a new AML immunosubtype
CD34TCD137CD33- typical of immature myeloid leukemias M0 and M1.

7. As compared to CD34- AML, CD34* type is characterized by aberrant blast
immunophenotype with

— coexpression of lymphoid antigens CD7 and CD19

— coexpression of erythroid and MKC markers in granulocytic and monoblastic
leukemias

— absence of Fc RI (CD64) in monoblastic types

— coexpression of CD34 and MPO in 11.1% of AML.

These characteristics may be useful in monitoring of MRD.
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8. CD34-positive AML is characterized by granulocyte dysplasia which is encountered
almost two-fold more frequently than in CD34-negative disease. There is a significant
direct relationship between CD34+ blast proportion and the presence of neutrophils with
pseudo Pelger-Huet anomaly (p=0.002).
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Abstract

Bone marrow is a frequent site of involvement in mature B-cell non-Hodgkin's lym-
phomas. Bone marrow specimens from 58 patients with various B-cell non-Hodgkin's lym-
phoma types were analyzed to study specific features of the bone marrow lesions, to identify
their specific histology and immunomorphology patterns, and possible differences from
lesions in other sites involved. The diagnosis was made according to WHO (2001) classifica-
tion in all cases. The selected group included diffused large-cell B-cell lymphoma (20/35%),
all types of marginal zone lymphoma (10/17%), follicular lymphoma (7/12%), B-cell chron-
ic lymphocytic leukemia/small lymphocytic lymphoma (6/10%), mantle cell lymphoma
(6/10%), Burkitt's lymphoma (4/7%), plasmacytic types (2/3.5%), lymphoplasmacytic lym-
phoma (2/3.5%), mediastinal large-cell B-lymphoma (1/2%). Analysis involved comparison
of cytology and flow cytometry findings by aspiration biopsies, and morphology and immyno-
histochemistry data from bone marrow trephine biopsies. Immunophenotyping by flow
cytometry ensures sensitive detection of bone marrow involvement especially in CD5+ B-cell
non-Hodgkin's lymphomas, while paraffin immunohistochemical immunophenotyping pro-
vides preservation of architecture, identification of histologically distinct lesions in patients
with B-cell non-Hodgkin's lymphoma and differentiation of the latter from reactive lymphoid
infiltration. We did not see any immunological differences in antigen expression on tumor
cells between bone marrow and extramedullary B-cell non-Hodgkin's lymphoma sites.
Basing on the analysis results we developed a diagnosis algorithm to study bone marrow
immunomorphology in each B-cell non-Hodgkin's lymphoma type.

Key words:
Non-Hodgkin's lymphoma, bone marrow, aspiration biopsy, trephine biopsy, flow
cytometry, immunohistochemistry.

List of abbreviations
WHO — World Health Organization

NHL — non-Hodgkin's lymphoma

B-NHL — B-cell non-Hodgkin's lymphoma

BM — bone marrow

AM — adhesion molecules

McAb — monoclonal antibodies

FC — flow cytometry

IHC — Immunohistochemistry

B-CLL/CLL — B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma.
MCL — mantle cell lymphoma

MZL — marginal zone lymphoma

LPL — lymphoplazmacytic lymphoma

FC — follicular lymphoma

DLBCL — Diffuse Large B-cell Lymphoma

MLCBL — Mediastinal Large -cell B- Lymphoma
MALT — mucosa- associated lymphoid tissue lymphoma
CD — cluster differentiation

All types of mature B-cell non-Hodgkin's lymphomas (B-NHL) demonstrate affinity to
bone marrow (BM) with hemopoietic tissue being the most frequent site of extranodal
involvement (a so called 'homing-effect'). Detection of BM involvement in lymphoma
cases plays a very important role in the clinical practice for the following reasons.

1. Accurate primary disease staging to ensure adequate treatment strategy, first of
all as concerns small-cell B-cell lymphomas. BM involvement, for instance in follicular
lymphoma, is associated with stage IV disease and requires systemic chemotherapy in
opposite to a combined chemoradiotherapy approach indicated in early stage disease.
Patients with stage [-11 mucosa-associated lymphoid tissue lymphomas (MALT-lym-
phomas) and Helicobacter pylori-positive gastric lesions may benefit from antihelicobac-
ter eradication therapy. While polychemotherapy is the only treatment modality used in
advanced disease with BM involvement (S. N. Malek 2003).

2. BM findings may be useful in follow-up of patients achieving complete response.
This diagnostic approach is of a special importance now, when novel chemotherapies and
therapeutic monoclonal antibodies are used successfully to achieve complete response in
some B-NHL, e.g. in B-cell small lymphocytic lymphoma/chronic lymphocytic leukemia
(B-CLL/SLL) (F. Bosch, A. Ferrer, A. Lopez-Guillermo et al., 2002). Of importance,
degree of response to induction polychemotherapy determines intensity and number of
consolidation cycles in B-NHL.

3. Lymphoma-affected BM may be the only source for diagnostic sampling in cases
with primary bone/bone marrow involvement or with inaccessible primary extramedullary
lesions (isolated lesions in retroperitoneal or mediastinal lymph nodes, spleen), as well as
due to patient' s poor performance status; pan- or thrombocytopenia.

Histological signs for differential diagnosis such as disease size, shape, location as well
as cytological features of lymphoma cells as found by standard staining of BM specimens
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play an important role in the diagnosis though fail to ensure accurate diagnosis
(D.S. Osmanov , 2004). For instance, paratrabecular and diffuse lymphoma infiltration
types are considered markers of lymphoma while focal BM lesions may be very similar to
reactive disease, and detection of minimal interstitial or intrasinusoidal lymphoma cell
settlement is always very difficult even for high-skilled investigators (B. J. Bain, 2001;
C. E Feller and J. Deibold, 2004).

Immunological and molecular biological tests are currently applied to improve sensitiv-
ity in detecting minimal BM lesions in B-NHL (E.V. Chigrinova., 2005).
Immunophenotyping of lymphoma cells by BM aspiration biopsy detects neoplastic cells
even in samples with a small number of lymphocytes/prolymphocytes in BM basing on
immunophenotype features, lineage and differentiation of cells from the primary tumor
(G. K. Valet, H.G. Hoffkes 1997). Flow cytofluorimetry (FC) has the advantage of iden-
tifying coexpression of several molecules (2 or 3 or more) on a single cell
(N.N. Tupitsyn.,Z.G. Kadagidze.,N.N. Shatinina. et al 2003).

Immunohistochemistry (IHC) by trephine biopsy is another immunological approach
to study BM lesions in patients with B-NHL (E.V.Chigrinova, 2004). This method com-
prises identification of tumor cell lineage and evaluation of relationship between
immunophenotypes of the BM and extramedullary lesions, as well as allows assessment of
this diagnostically significant tumor cell settlement in its relationship with bone and
hemopoietic tissues (B. J. Bain, 2001; C. E Feller and J. Deibold, 2004). Sensitivity
assessment in immunological identification of BM involvement in B-NHL by comparison
of immunophenotyping (FC and IHC) and standard (cytology and histology) findings is
useful for improvement in B-NHL staging accuracy and classification according to the
current WHO system (2001) (N. Harris, E.S. Jaffe, J. Diebold et al., WHO, 2001). The
most accurate technique for staging and immunophenotyping of lymphoma types will
then ensure optimal choice of treatment strategy both in primary and recurrent disease in
every individual case of B-NHL.

Purpose
The purpose of this study was to assess the role of immunophenotyping in the diagnosis
of BM involvement in different morphological types of peripheral B-NHL.

Materials and methods

This study was performed in 58 patients with different B-cell peripheral non-Hodgkin's
lymphoma (NHL) types managed outpatiently at the Hematology Department of the clin-
ic or inpatiently at the Department of Chemotherapy for Hematology Malignancy,
Institute of Clinical Oncology, N. N. Blokhin Cancer Research Center.

The patients' age at diagnosis ranged from 16 to 82 years, median 54 years. Male to
female ratio was 0.87. Case histories were collected basing on careful analysis of medical
records and interviews with patients. All patients had standard clinical diagnostic tests at
baseline, during therapy and when assessing treatment response taking into account B-
NHL specific dissemination. Disease stage was therefore determined basing on a compre-
hensive assessment and patients' histories. Patient distribution with respect to principal site
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involved is demonstrated in table 1. Proportional site involvement in cases with extranodal
primary tumors is given in table 2.

Table 1.
Case distribution with respect to prevalent site involvement
Tumor site No. of patients Percentage
Nodal primary 34 58.6
Extranodal primary 24 41.4
Table 2.
Prevalent site involvement in extranodal primary B-NHL
Site No. of patients Percentage
Gl 6 25
Spleen 3 13
Bones/bone marrow 5 21
Soft tissues 3 13
Liver+spleen 2 8
Ovaries 2 8
Waldeyer's throat ring 1 4
Breast 1 4
Mediastinum 1 4

The diagnosis of B-NHL (WHO, 2001) was based on complex immunomorphology
findings by patients' biopsies. When possible the primary diagnosis was made by surgical
biopsy of extramedullary lesions. Fixation and paraffin embedding procedures were in
compliance with standard protocols adopted at the Human Tumor Pathology
Department, N. N. Blokhin Cancer Research Center. Histology analysis was made on sec-
tions from paraffin blocks using hematoxylin-eosin staining and additionally on Brachet-
and pycrofuchsin-stained sections. In a vast majority of cases tumor tissue immunopheno-
typing was made on fresh-frozen sections from biopsy samples (acetone fixation) at the
Hemopoiesis Immunology Laboratory, Clinical Immunology Department, Institute of
Clinical Oncology, N. N. Blokhin Cancer Research Center. Enzyme immunostaining
(IHC) was used at the Human Tumor Pathology Department if fresh biopsy samples were
not available or as an extra test.

Sixteen patients had no or inaccessible solid extramedullary lesions. Serous exudation
(ascitic fluid) was studied as a sample of primary extramedullary lesions by cytofluorime-
try in one case. The sample was centrifuged and cell smears were made for the study.
Another sample from an extramedullary lesion (lymph node) was taken by fine-needle
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biopsy to be studied by immunocytology. Leishman's staining was used in both cases. All
cytology testing was done at the Clinical Cytology Laboratory.
The standard monoclonal antibody (MAB) panel used at the Hemopoiesis Immunology
Laboratory, Clinical Immunology Department, Institute of Clinical Oncology,
N. N. Blokhin Cancer Research Center, to specify NHL diagnosis is shown in table 3.
Table 4 presents distribution of B-NHL types with respect to the WHO (2001) classes.

Monoclonal antibody panel for lymphoma immunodiagnosis

Table 3.

The study was based on detailed morphology investigation and immunophenotyping of
BM from patients with B-NHL. Cytology analysis (myelogram), FC by aspiration biop-
sies, histology study and IHC by trephine biopsies were used (table 5). Of note, BM was
the only disease site in 5 cases.

Immunofluorescence,

Immunohistochemistry,

Table 5.

Methods of bone marrow study in non-Hodgkin's lymphoma
Method No. of patients %
Cytology (myelogram) 58 100
Trephine biopsy, histology 51 88
Aspiration biopsy, flow cytometry 31 53
Trephlne _blopsy, ) 40 69
immunohistochemistry

Marker type frozen sections Flow cytofluorimetry paraffin sections
Nonlinearly restricted CD45, CD23, CD10, —IFR CD45, CD23, CD10%,
Y CD30, CD38, HLA-DR CD30, HLA-DR
B-lineage CD19, CD20, CD21, ~IFR CD20, CD21, CD45RA,
g CD138, %, 4, Ig CD79a, CD138, «, 1, Ig
T/NK-lineage CD45R0, CD3, CD56, —IFR CD45R0, CD3, CD5, CD4,
9 CD5, CD7, CD4, CD8 CD8
Myelomonocytic CD15, CD68, CD163 CD13, CD33, CD64 CD15, CD68, CD163
- Bcl-2, Bcl-6, . Bcl-2, Bcl-6,
Additional cyclin D1, Ki-67 Bal-2, Ki-67 cyclin D1, Ki-67
Precursor CD34, TdT =IFR =IFR

* the Hemopoiesis Immunology Laboratory did not have this antibody for fixed samples at the time of the study

Non-Hodgkin's lymphoma types by WHO (2001) classification

Table 4.

WHO (2001) type

No. of patient

%

DLBCL 20 35
Marginal zone lymphoma* 10 17
Follicular lymphoma 7 12
Small lymphocyte lymphoma/B-CLL 6 10
Mantle cell lymphoma 6 10
Burkitt's lymphoma 4 7
Plasma cell NHL 2 3.5
Lymphoplasmacytic lymphoma 2 3.5
Primary mediastinal B-cell 9 >
lymphoma

Total 58 100

* The term includes all marginal zone lymphoma subtypes assessed in this study

BM sampling was made by puncture of the body and handle of the sternum, and of pos-
terior spine of huckle-bones. Cytology study of puncture samples was made at the
Hemopoiesis Immunology Laboratory on smears stained by Romanovsky-Giemsa after
fixation in 96% methanol.

Immunophenotyping of BM aspiration biopsies was made by FC using a FACScan
(Becton Dickinson) sorter with two- or three-color labeling and direct conjugates of mon-
oclonal antibodies with fluorescein isothiocyanate (FITC), phycoerythrin (PE) and peri-
dinine-chlorophyll (PerCP) fluorochromes. Table 6 demonstrates frequency of morpho-
logical verification and immunophenotyping confirmation of the diagnosis of B-NHL by
FC on aspiration biopsies.

BM trephine biopsy was also made in posterior superior spine of huckle-bones. The
trephine biopsy samples were routinely fixed in Carnoy solution, decalcificated in nitric
acid-based solution and paraffin embedded. Histology study was done on hematoxylin-
eosin- and pyrofuchsin-stained sections from paraffin blocks.

Immunophenotyping of BM trephine biopsies was performed by a combination of
immunofluorescent assay and enzyme immunoassay on de-embedded sections at the
Hemopoiesis Immunology Laboratory. The MAB panel routinely used in the NHL diag-
nosis basing on BM trephine biopsy was demonstrated above in table 7.

Therefore all patients underwent a comprehensive BM assessment that helped to select a
priority technique with respect to the clinical situation and B-NHL subtype.

Results and discussion

Owing to specific biological features of B-NHL, lymphoma cells demonstrate affinity to
BM (homing-effect) thus making hemopoietic tissue a principal site of disease dissemina-
tion. This is a key stage of lymphoid tumor advance that influences both the disease course
and patient's performance status.



HAMATOPOIESIS IMMUNOLOGY 28

29 HAMATOPOIESIS IMMUNOLOGY

Table 6.
Frequency of detection of bone marrow involvement in NHL by cytology and flow cytoflu-
orimetry

Frequency of involvement
Method o
No. of bone marrow aspiration -
O Percentage of positive tests
biopsies assessed
Cytology 58 64
Flow cytofluorimetry 31 84

Table 7.
Frequency of detection of bone marrow involvement in B-NHL by histology and immuno-
histochemistry

Frequency of involvement
Method No. of bone marrow aspiration .
L Percentage of positive tests
biopsies assessed
Histology 51 94
Immunohistochemistry 40 62.5

Each clinical entity of B-peripheral NHL specified in the WHO system, last revision
(2001) identifies a degree of block of normal B-lineage differentiation leading to immor-
talization of a specific stage together with all molecular biological features of lymphoid
cells of the given «age» (N. Harris, E.S. Jaffe, J. Diebold et al., WHO, 2001). In other
words, each peripheral B-NHL subtype in parallel with a common dissemination vector
has peculiarities of its own including the risk of leukemization at early disease stage and
the mode of extramedullary advance.

In an attempt to optimize the diagnosis of BM involvement in B-NHL we believed it
necessary to develop personified diagnostic algorithms for every clinical entity basing on
selection of an optimal combination of immunomorphologic tests on two principal BM
sample types, i.e. aspiration and trephine biopsies.

B-CLL/SLL

All 6 cases with B-CLL/SLL had a marked pathologic lymphocytosis by BM aspiration
biopsy. The specific appearance of tumor cells in association with a known immunomor-
phology of the extramedullary lesion suggested BM involvement with high probability
already at the level of standard cytology, notwithstanding low levels of neoplastic lympho-
cytes (25.8%). Immunophenotyping by FC confirmed the disease specific character.
Detection of diagnostic co-expression of CD5 and CD23 on surface of CD19% lympho-
cytes and quantification of CD20 expression (pic. 1) (N. Harris, E.S. Jaffe, J. Diebold et
al., WHO, 2001) were the most important findings. Morphologic study of trephine biop-
sies in 2 of 6 cases did not add any diagnostic information: the classical appearance of neo-
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Pic. 1. CD5 and CD23 coexpression on B-lymphocytes (CD19%)

plastic lymphocytes and typical dispersed intramedullary dissemination between normal
hemopoiesis elements (interstitial type) confirmed the results of the complex aspiration
biopsy study (pic. 2).

None of the cases required IHC of trephine biopsy. Besides, difficulty of using diagnos-
tic antibodies CD5 and CD?23 in paraffin-embedded tissue and impossibility to assess their
coexpression in the lymphoid component rendered FC the method of absolute priority in
cases under study.

The question arises in these circumstances, whether BM trephine biopsy is at all need-
ed in primary diagnosis of B-CLL/SLL, if BM aspiration biopsy demonstrates a marked

X

Pic. 2. Morphology of bone marrow trephine biopsy in B-CLL/SLL. Interstitial lym-
phoma growth, Hematoxylin-eosin x250. Patient B., 66 years old
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pathologic lymphocytosis (B. J. Bain, 2001). Our findings are evidence against morpho-
logic (histologic) study of BM in classical B-CLL/SLL cases provided complex
immunomorphologic study of aspiration biopsy by FC is conducted.

Mantle-cell lymphoma (MCL)

This entity, like B-CLL/SLL, belongs to lymphomas with a high-risk leukemization at
early-stage disease. Some foreign authors report of a higher than 90% rate of BM involve-
ment at diagnosis (P. L. Cohen, P.J. Kurtin, K.A. Donovan et al., 1998). ALL 6 MCL
cases in our study presented with a high level of leukemic substrate with at least 50% of
pathological lymphocytes in each myelogram.

The marked pathologic lymphocytosis in BM aspiration biopsies rendered FC useful in
characterization of disease immunophenotype in all cases. Quantification of CD20
expression on lymphoma cells by FC together with identification of T-cell antigen, CDS5,
on clonal B-lymphocytes were important investigation findings (pic. 3). Expression levels
of pan-B-cell marker, CD20, are a good diagnostic bench-mark to further differentiate
MCL from B-CLL/SLL and a useful alternative to identification of FMC7 expression
(W. Hubl, J. Iturraspe and R.C. Braylan 1998).

As found by trephine biopsy study, lymphoma demonstrated a tendency to settle in
intertrabecular hemopoietic tissue and to generate foci with a confluent tendency, the
character of lymphoma intramedullary dissemination was similar in all 6 cases (table 8).

We strongly recommend performing standard morphology study of trephine biopsy in all
cases because MCL frequently transforms into a more aggressive blastoid type. This phe-

Table 8.
Levels of relative lymphocytosis in bone marrow aspiration biopsies with respect to histo-
logical type of involvement by trephine biopsy in mantle cell lymphoma

Patient initial/ Percentage of lymphoid elements in bone | Lesion histology by bone marrow trephine
gender/age, years marrow aspiration biopsy/cell type biopsy/cell type

lymphocytes 72%

B./f/61 prolymphocytes* 1.6% The study was not performed
lymphocytes 68%

V./f/62 prolymphocytes* 5% The study was not performed
lymphocytes 32% . .

K./m/43 prolymphocytes* 15% Diffuse/lymphocytic

lymphocytes 50.8% g .
K./m/47 prolymphocytes* 4.8% Focal-diffuse/lymphocytic
prolymphocytes* 53% . .
E./m/82 blasts 4.3% Diffuse/blastic
M./f/56 lymphocytes 10.8% Focal-diffuse/lymphocytic

* the term "prolymphocyte’ refers to cells of a larger size as compared to general lymphoma population. These cells were also
characterized by an irregular "scalloped” nuclear outline and a finer chromatin structure with a single or several visible nucleoli.
In the modern literature including the WHO (2001) classification this term refers to certain cell types encountered in various
proportions in B-CLL/SLL and also composing substrate of B-cell prolymphocytic leukemia. MCL is characterized by
pleomorphic cell substrate except for rather monomorphic blastoid type.
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Pic. 3. CD5 expression on B-lymphocytes (CD23-). Bright CD20 expression. Patient E.,
82 years old

nomenon cannot be detected by FC because it is not accompanied by changes in profile
of immunological marker expression and noticeable transformations are seen in cell mor-
phological appearance only (C. H. Dunphy, S. E. Wheaton, S. L. Perkins, 1997). We pres-
ent detailed description of two such cases (pic. 4).

Thus, FC may be considered the optimal immunophenotyping test in MCL; however,
unlike in B-CLL/SLL, even a comprehensive immunomorphologic study of aspiration
biopsy is not sufficient and should be supplemented with standard morphologic study of
trephine biopsy to rule out transformation into blastoid type.

Marginal zone lymphoma (MZL) of the spleen

Our findings are in a complete agreement with reports of foreign authors that this
peripheral B-NHL type demonstrates high-degree homing-effect to bone marrow
(J. Dierlamm, S. Pittaluga, I. Wlodarska et al., 1996). Marked pathological lymphocyto-
sis was found in 5 of 6 aspiration biopsies at primary diagnosis (table 9). Since lymphoma
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extramedullary lesions were inaccessible, all diagnostic procedures required by the WHO
(2001) classification were restricted to BM lesion. Careful case histories were very useful in
these cases: evidence of splenomegaly with echo-changes in all cases and the presence of
‘villous' lymphocytes helped to define lymphoma subtype.

Table 9.
Levels of relative lymphocytosis in bone marrow aspiration biopsies with respect to lesion
histology by trephine biopsy in marginal zone lymphoma

Patient initial/ Percentage of Iymphqd el'ements n Lesion histology by bone marrow trephine
bone marrow aspiration biopsy/cell X " .
gender/age, years type biopsy/location (immunomorphology)
A./f/57 lymphocytes 85% Diffuse/interstitial/intrasinusoidal*
G./m/54 lymphocytes 60% Nodular/intertrabecular/intrasinusoidal*
L./f/57 lymphocytes 80% Diffuse/intrasinusoidal*
0./m/58 lymphocytes 55% Diffuse/interstitial/intrasinusoidal*
R./f/47 lymphocytes 54.6% Nodular/intertrabecular/intrasinusoidal™
blasts 5.8% )

C./f/54 lymphocytes 18% Nodular/intertrabecular

* this lesion type was detectable only by immunohistochemistry
** pathological lymphoid infiltration was not discovered by light microscopy in patient L. Bone marrow involvement could be
detected only by immunohistochemistry of trephine biopsy

FC of aspiration biopsies discovered a CD5- and CD103- (in cases with villous lympho-
cytes) B-immunosubtype.

Thus, FC ruled out other peripheral B-NHL subtypes such as B-CLL/SLL, MCL and
hairy-cell leukemia though failed to differentiate the disease from FL (CD10- cases).

Study of trephine biopsies divided all cases equally into two main histological subtypes,
i.e. focal lesions with marked zones and intertrabecular location, and intrasinusoidal
lesions with lymphoid elements located inside dilated BM microvessels, both being also
found in combination (pic. 5). As already mentioned, pathologic nodules demonstrated,
beside a clear-cut outline, marked zonal structure very similar to that of reactive lymphoid
follicles.

Thus, there were two indications for IHC of BM trephine biopsy, i.e. to differentiate
from FL and to rule out reactive disease. By IHC the foci had monomorphous B-cell com-
position therefore excluding reactive disease. The presence of B-cell conglomerations
(CD20", CD79a:%) in sinusoids helped both to identify pathognomic type of infiltration
and to detect BM lesion not found by light microscopy (pic. 6, see cover, page 2).

Of much help was the detection of follicular dendritic cells in nodular central portions
— an MZL characteristic sign (pic. 7, see cover, page 2).

The absence of paratrabecular lesion or typical centrocytoid-centroblastic morphology
in combination with a trend to formation of lymphoid sludge in microvessels helped to dif-
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Pic. 4. Substrate of discordant MCL. Aspiration biopsy blast component. Romanovsky-
Giemsa staining, X1000. Patient E., 82 years old

Pic. 5. Morphologic profile of bone marrow trephine biopsy in marginal zone lymphoma of
the spleen. Right: diffuse intrasinusoidal disease. Hematoxylin-eosin staining X400. Patient
0., 58 years old. Left: focal intertrabecular disease. Hematoxylin-eosin staining, %200.
Patient C., 54 years old.

ferentiate the disease from FL (R. Henrique, R. Achten, B. Maes et al., 1999).

We may therefore conclude that even immunologically and cytologically "colorless"”
lymphoma such as MZL of the spleen demonstrates specific immunomorphologic features
indicative of BM involvement, and IHC of BM trephine biopsy (if splenectomy is impos-
sible) is a determinant diagnostic test (V. Costes, E. Duchayne, J.Taib et al., 2002). This
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test is beyond comparison in differential diagnosis from FL (CD10-) and reactive disease,
as well as in accurate staging (discovery of intrasinusoidal infiltration undetectable by light
microscopy).

Follicular lymphoma

Authors report a 40-60% frequency of FL leukemization. BM involvement was present in
4 of 7 cases in our study. As known, FL leukemization manifests itself by rare presence of
pathologic lymphocytosis in BM aspiration biopsy and specific intramedullary tumor
growth in close contact with trabecules (paratrabecular type). Only 3 BM aspiration biopsies
from FL patients in our study had seemingly neoplastic cells, the cells being less than 5% of
the total myelokaryocyte count. This minimal concentration of cells with tumor-like mor-
phology (centrocytoid type) did not allowed FC to be used in immunophenotyping. In the
third case (27.4% of lymphoid cells) FC discovered preponderance of T-cell population with
no clone markers on B-cells, i.e. ruled out the presence of lymphoid lesion.

Study of trephine biopsies identified a small-cell lymphoid infiltration in all cases
(table 10). Cytological peculiarities of lymphoid cells, e.g. small size in combination with
dense chromatin structure in angular nuclei, were a strong evidence in favor of FL, the
pathognomic paratrabecular disease location was found in 4 of 7 cases including 2 cases
with lymphoid clusters also located between trabecules (pic. 8).

There was no paratrabecular lymphoid foci (all were seen between trabecules) in 3 cases.

The diagnosis of FL in all cases (except one) was based on primary immunomorpholog-
ic study of extramedullary substrate. As seen in table 10, information about the baseline
lymphoma immunomorphologic type in the case with small-cell centrocytoid BM infiltra-

Table 10.
Immunohistochemistry findings in trephine biopsies from patients with follicular lymphoma
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Patient initial/ Lesion histology Histological . Immunological
) X X Cell composition . -
gender/age, years type/location diagnosis diagnosis
Focal/ T- and B-cells
V./f/57 . Small cell ymphoma B without atypia; Reactive disease
intertrabecular . .
2:1 ratio
Focal/inter- and B- monomorphous;
M./f/58 Small cell ymphoma centrocytoid- Follicular lymphoma
paratrabecular X
centroblastic
Focal/ Follicular T-and B-cells Limit of method:
S./f/71 aratrabecular lymphoma (?) B without atypia; Reactive disease (?)
P ymp : 2:1 ratio Minimal di ?)
Focal/inter- and T- monomorphous;
T./f/47 Small cell ymphoma isolated B Reactive disease
paratrabecular . .
without atypia
Focal/ B- monomorphous;
H./f/58 . Small cell ymphoma centrocytoid- Follicular lymphoma
intertrabecular -
centroblastic
Focal/inter- and B-monomorphous;
G./m/ Small cell ymphoma centrocytoid- Follicular lymphoma
paratrabecular X
centroblastic
Focal/ B- monomorphous;
B./m/52 . Small cell ymphoma centrocytoid- Follicular ymphoma
intertrabecular -
centroblastic

Pic. 8. Morphological profile of bone marrow trephine biopsy in follicular lymphoma.
Paratrabecular growth. Hematoxylin-eosin staining, x400. Patient M., 58 years old

tion made the morphologist define the case as BM invasion of small-cell lymphoma, sup-
posedly FL.

The primary purpose of IHC was to differentiate the case from reactive disease. This
problem can be solved immunologically by ratio of T and B lymphoid cells which normal-
ly is shifted towards a greater T-component. We used the following, rather simple practi-
cal recommendations for peripheral small-cell B-NHL developed by other investigators
as a diagnostic basis:

A considerable rise in B-lymphocyte (CD20*, CD79a:%) count in BM with a trend to
clustering and changing appearance is a clear sign of B-NHL;

Monomorphous T-cell composition of lymphoid infiltration in the patient with
extramedullary B-NHL is a reactive disease;

Composition of lymphoid foci (the presence of T- and B-cells) with mandatory consid-
erable preponderance of T-cells (CD3*, CD45RO™) is evidence of a reactive (benign)
rather than malignant disease.

In one case of FL the foci were monomorphous and were composed of T-cells; the dis-
ease was therefore considered reactive. In another two cases lymphoid clusters including
those located paratrabecularly consisted of B- and T-cells with prevalence of the latter.
B-lymphocytes (CD20+, CD79 +) were free from cytological centrocytoid features, were
small and had round nuclei. Immunomorphologic study discovered no evidence of typi-
cal lymphoma and the disease was defined as reactive. Evaluation of B-cell clonality
(IgVh genes) in such cases can provide more objective information. In the remaining 4
cases the lymphoid component consisted mainly (90%) of B-cells with centrocytoid mor-
phology with some B-cells having centroblastic morphology, therefore these cases were
defined as FL.
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So, the morphologic diagnosis of BM involvement in FL was not confirmed
immunomorphologically in 43% of cases, and immunomorphologic study played the prin-
cipal role to rule out BM involvement and to establish correct disease stage. Summarizing
our findings concerning the diagnosis of BM involvement in FL, it should be emphasized
that immunomorphologic study of both aspiration and trephine biopsies (the latter being
of more value) is an optimal combination of diagnostic investigations in all clinical enti-
ties. Lymphoma leukemization cannot be identified basing on standard morphologic study
of trephine biopsy alone even, if the typical centrocytoid appearance and/or paratrabecu-
lar location of lymphoid cells are found. IHC of trephine biopsy is a mandatory require-
ment even in cases with negative immunological test of BM aspiration biopsy by
FC. Although the latter is recommended in FL with minimal percentage of lymphoid ele-
ments of suspicious morphology or with a relative increase in mature lymphocytes more
than 15% of all myelokaryocytes.

Marginal zone lymphoma Mucosa-associated lymphoid tissue type (MALT-lymphoma)

This entity is worldwide attributed to peripheral B-cell NHL with low homing effect to
BM. (C. Montalban, J.M. Castrillo, V. Abraira et al., 1995; J. Dierlamm, S. Pittaluga,
I. Wlodarska et al., 1996). The few cases in our study may be considered an indirect evi-
dence in favor of this opinion. All these cases presented with a classical lymphoma site
(stomach) and a proved association with Helicobacter pylori.

BM lymphoid infiltration was discovered only by trephine biopsy with no qualitative or
quantitative changes in myelogram. Leukemization of small-cell lymphoma was an inter-
im morphologic diagnosis in all cases as based on immunomorphology of the primary sub-
strate, thus making the study of BM involvement the determinant phase of disease staging
(table 11).

The discovery of BM involvement would have defined stage IV disease which in turn
would have required a significant intensification of treatment with systemic poly-
chemotherapy instead of Helicobacter pylori eradication therapy (S. N. Malek, 2003).

Table 11.
Immunohistochemistry findings in trephine biopsies from patients with MALT-lymphoma

Patient initial/ Lesion histology Histological Cell composition by Immunological
gender/age, years type/ location diagnosis immunohistochemistry diagnosis
Small cell .
Focal/inter- and lymphoma T-monomorphous;
G./m/36 ymp isolated B Reactive disease
paratrabecular Follicular without atypia
lymphoma (?) P
T-monomorphous;
1./f/31 . Focal/ Small cell isolated B Reactive disease
intertrabecular lymphoma (?) . .
without atypia
Focal/not Small cell T-and B-cells Limit of method:
T./m/52 determined* lvmphoma B without atypia; Reactive disease (?)
ymp 2:1 ratio Minimal di ?)
* disease location could not be determined due to material deformation during harvesting

As seen in table 11, the lesions consisted of both T- and B-cells in 2 cases and of T-cells
only in the third case. This meant that basing on the diagnostic algorithm mentioned above
there was no strong evidence in favor BM involvement (pic. 9, see cover, page 2).

The conclusion may be therefore made that discovery of any lymphoid infiltration by
BM trephine biopsy in patients with MALT-type lymphoma is an absolute indication for
THC to determine disease stage and to choose treatment strategy.

Diffuse large B-cell lymphoma (DLBCL)

Of much interest was that patients with the clinical entity having a risk of leukemization
less than 30% by many authors were a majority in our study (K. Foucar ,W. Robert, 1982;
M. G. Conlan, M. Bast, J.O. Armitage et al., 1990). We should like to emphasize that it is
this peripheral B-NHL type that has given most interesting findings. All patients with this
disease type divided into two groups with respect to verification of BM lesion, i.e. those
with or without indications for IHC of BM trephine biopsy. The group without indications
of IHC consisted of 6 (30%) of 20 patients. In these cases DLBCL substrate was found in
both trephine and aspiration biopsies (pic. 10).

Pic. 10. DLBCL substrate. Aspiration biopsy. Romanovsky-Giemsa staining, x1000.

Comparison of the findings demonstrated that in parallel with a rather low (not more
than 20%) level of pathologic blasts in aspiration biopsies, trephine biopsies showed subto-
tal neoplastic replacement of normal hemopoietic tissue. Basing on our own findings and
reports in the literature this phenomenon could be explained by biological characteristics
of lymphoma that demonstrated multifocal, sarcoma-like growth rather than interstitial,
cellular dissemination (B. J. Bain, 2001; C. E Feller and J. Diebold, 2004). The presence
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of intact, normal hemopoiesis islands might proof this hypothesis (pic. 11, see cover, page
2).

Clear pathological BM blastosis discovered in 6 cases allowed the use of FC that proved
tumor cells to belong to peripheral stages of B-cell differentiation (CD20+, CD19+,
CD37*, CD34-). These immunological characteristics of tumor cells in aspiration biop-
sies in combination with characteristic histological pattern of trephine biopsies were evi-
dence in favor of DLBCL leukemization (pic. 12).
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Pic. 12. Expression of B-lineage differentiation peripheral stage molecules CD20 and
CD37 on tumor blasts with no expression of precursor cell marker CD34. Patient V., 71
years old

IHC of trephine biopsy made in some cases failed to provide additional information to FC
findings or was even less informative due to a narrower antibody panel for fixed material.

In the remaining 14 DLBCL cases BM infiltration suspected for BM involvement was
found in trephine biopsies only, cytological characteristics of lymphoid cells in 10 cases
demonstrated histologic discordance with extramedullary substrate (pic. 13).

BM lymphoid substrate had blast morphology in 2 cases. It was IHC of trephine biopsies
that allowed the diagnosis in accordance with the WHO classification, because biopsy of
extramedullary component was not possible by technical reasons in 1 case and the second
one was a rare example of BM/bone lymphoma location. Immunologic discovery of blasts
belonging to peripheral stages of B-lineage differentiation (CD20%, CD3-) in combination
with a characteristic centroblastic/immunoblastic cell appearance and local diffuse (multi-
focal) growth were a basis for the diagnosis of DLBCL leukemization in both cases.

We consider analysis of 10 cases with small-cell and mixed lymphoid infiltration a key
event in the whole study.

There are few reports on histologic discordance in large B-cell lymphoma in the litera-
ture. There are three main reasons for the discordance defined by foreign colleagues
(M. Klemer, M. Spitzer 2003), as follows:

Pic. 13. Histologic discordance of extramedullary and bone marrow substrates of
DLBCL. Right: lymph node. Hematoxylin-eosin staining, x200. Patient K., 49 years old.
Left: BM small lymphoid cell nodular lesions

1. Transformation into a more aggressive type (large-cell NHL) most typical of B-
NHL (Richter's syndrome) and manifestation of neoplastic progression.

2. Reactive disease. In opposite to extramedullary large B-cell lymphoma small-
cell infiltrations in BM are represented by T cells with different proportions of
CD4+/CD8+ population.

3. True biclonality. Simultaneous existence of two lymphoproliferative diseases
with different immunomorphologic and molecular biologic clonal features.

IHC of trephine biopsies in 9 DLBCL cases was determinant for the diagnosis (table 12).
In all cases with lymphocytic lesion the small-cell lymphoid component consisted of T-
cells only (CD3*, CD45RO™).

Cases with mixed (centrocytoid/centroblast-like) composition of the lesion looked
as FL by standard microscopic staining, their paratrabecular location discovered in two
cases added to the similarity. IHC demonstrated that all small-cell components expressed
T-cell markers, while B-cell antigens (CD20, CD79c.) were seen only on large blasts with
marked nuclear pleomorphism and high mitotic activity. The discrete location of the lat-
ter between dense T-components resembled the T-cell rich DLBCL type, though in fact
was nothing else but a unique morphologic reflection of T-cell immunity response to start-
ing DLBCL invasion into BM (pic. 14, see cover, page 4).

Of importance is the fact that all cases (except one) with primary extranodal DLBCL
location were included in the group of histologic discordance or with T-cell reaction phe-
nomenon as defined by IHC. Most cases with primary nodal location of extramedullary
DLBCL substrate typically demonstrated minimal levels of T-cells in BM and rapid
intramedullary growth and appearance of pathological blasts in aspiration biopsies. No
doubt that our findings are just a prologue for further profound study of mechanisms of
antitumor activity or tolerance of the immune system.

So, speaking of the principal purpose of our study, optimal combination of immunolog-
ic tests to determine nature of lymphoid infiltration in DLBCL may be established only
after comprehensive morphologic study of both aspiration and trephine biopsies of BM.
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Table 12.
Comparison of morphology and immunohistochemistry of bone marrow trephine biopsies in
DLBCL patients

Patient initial/ Lesion . . . .
. Cell Histological Cell composition by Immunological
gender/age, histology . X X . . X . H
? composition diagnosis immunohistochemistry diagnosis
years type/location
T-monomorphous; .
B./m/69 . Focal/ Lymphocytic Small cell isolated B without Rt'aactlve
intertrabecular lymphoma atypia disease
T-monomorphous; .
B./m/ _ Focal/ Lymphocytic Small cell isolated B without Reactive
unknown intertrabecular lymphoma (?) atypia disease
Discordance/
Focal/ Small cell T-monomorphous; Reactive
. ” - .
K./f/49 intertrabecular Lymphocytic Iymphoma (?) isolated B_wuthout disease
Reactive atypia
di (?)
Discordance/
Focal/ Small cell T-monomorphous; Reactive
. ” } X
P./f/51 intertrabecular Lymphocytic Iymphoma (?) isolated B_\Nlthout disease
Reactive atypia
di (?)
T-monomorphous; .
R./f/ unknown . Focal/ Lymphocytic Small cell isolated B without Rgactlve
intertrabecular lymphoma atypia disease
Discordance/
Focal/ Small cell T-monomorphous; Reactive
. ” ; X
S./m/56 intertrabecular Lymphocytic Iymphoma (?) isolated B_wnhout disease
Reactive atypia
di (?)
Discordance/ .
Focal/ Small cell Tvs’/)itrf?\;at"’ 26‘:‘?]5;2?’
B./m/43 inter- and Mixed lymphoma (?) ypia, N B-large cell
) pleomorphism,
paratrabecular Reactive .
. discrete
d (?)
Discordance/ T prevail, B are large
Focal/ Small cell with atypia and
K./m/60 . Mixed lymphoma (?) nuclear B-large cell
intertrabecular . .
Reactive pleomorphism,
disease (?) discrete
Discordance/ T prevail, B are large
Focal/ Small cell with atypia and
S./f/53 inter- and Mixed lymphoma (?) nuclear B-large cell
paratrabecular Reactive pleomorphism,
di (?) discrete

In case of clear-cut blastosis in BM aspiration biopsy, FC may be recommended, which
should be obligatory supplemented with standard study of trephine biopsy, while discovery
of characteristics histologic pattern of DLBCL makes IHC unnecessary. Discovery of a
lymphoid infiltration that differs by morphology from the principal extramedullary
DLBCL substrate is an absolute indication for IHC of BM trephine biopsy.

Burkitt's lymphoma

BM involvement was found in 50% of cases in this study with leukemization starting at
early-stage disease in 2 of 4 cases.

The BM component both in aspiration and trephine biopsies was characterized by typ-

ical features for this entity such as L3 morphology of blast component in aspiration biop-
sy and characteristic 'starry sky' morphology in trephine biopsy (pic. 15) (B. J. Bain, 2001;
C. F Feller and J. Diebold, 2004).

Pic. 15. Morphologic pattern 'starry sky' of Burkitt's lymphoma in bone marrow trephine
biopsy. Hematoxylin-eosin staining, x250. Patient B., 16 years old

Comprehensive study of aspiration biopsies by FC discovered classical Burkitt's lym-
phoma immunophenotype, i.e. expression of molecules of B-cell peripheral-stage dif-
ferentiation in combination with CD10 expression (it is understood that proliferative
activity, i.e. Ki-67 level, and the presence of translocation t(8;14) would have been
assessed in the absence of L3 morphology). Morphologic study of trephine biopsy was
of secondary value and did not require verification by morphologic immunophenotyp-
ing of extramedullary component. There were no changes in BM aspiration biopsies,
while morphological study of trephine biopsies discovered small-cell focal lymphoid
infiltration with formation of a single nodal structure having clear-cut outline and
zones in one case, and multiple interstitial intertrabecular clusters without clear-cut
contours in the other (pic. 16).

Discordance of lymphoid infiltrations was indication for IHC of trephine biopsies. The
lesions had a mixed composition and consisted of T- and B-cells with a considerable T-
lineage prevalence in both cases. By morphology, B-cells looked like small lymphocytes
and were absolutely different from Burkitt's lymphoma substrate. So, BM involvement was
ruled out in both cases (pic. 17, see cover, page 4).

Summarizing the above-said, leukemization manifests itself as rapid intramedullary dis-
ease dissemination due to high proliferation potential of Burkitt's lymphoma cells and gen-
eration of leukemia-like pattern of BM aspiration biopsy. Blast cytologic specificity (L3) in
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Pic. 16. Morphologic pattern of small-cell lymphoid infiltration in bone marrow trephine
biopsy from a Burkitt's lymphoma patient. Hematoxylin-eosin staining, x200. Patient K., 28
years old

combination with characteristic immunologic profile including expression of B-cell
peripheral-stage differentiation markers make comprehensive study of aspiration biopsies
from lymphoma patients sufficient both for detection of BM involvement and direct lym-
phoma classification by the WHO (2001) system. In view of the above-said the question
arises whether it is reasonable to perform IHC study of BM trephine biopsy or even stan-
dard morphologic study of BM after leukemization of Burkitt's lymphoma is established
(B. J. Bain, 2001).

The situation is quite opposite for cases with histologic discordance: only comprehen-
sive immunologic study of both aspiration and trephine biopsies of BM can discover true
nature of BM lymphoid infiltration atypical for Burkitt's lymphoma, pic. 16

Nonstandard diagnostic situations

Nonstandard diagnostic situations include rare examples of lymphoma leukemization
with BM involvement considered in the world literature as anecdotal or occurring at a less
than 5% rate. It is very important to describe in detail characteristic features of their
leukemization to be further used as a model for diagnostic algorithms.

This type of peripheral B-NHL was in our study represented by cases of nodal MZL and
primary B-cell mediastinal lymphoma with BM involvement.

In conclusion, IHC of BM in peripheral non-Hodgkin's lymphoma is a useful diagnos-
tic test to establish lymphoma subtype and stage. IHC can give maximal information only
if data of comprehensive study of all tumor substrates were available in every individual
clinical case.
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Conclusions
1. Immunophenotyping of BM lymphoid cells (FC, IHC) is a method of choice in

the diagnosis and staging of non-Hodgkin's lymphoma by BM involvement, because there
are no pathognomic cytologic or histologic signs of neoplastic BM involvement for most
lymphoma types specified by the WHO (2001) classification.

2. B-cell chronic lymphatic leukemia or small-lymphocytic lymphoma demon-
strate characteristic interstitial BM invasion by neoplastic B-lymphocytes coexpressing
CD5 and CD23 antigens. The diagnosis (or BM involvement) is established by immuno-
cytometry of BM aspiration biopsy while IHC of trephine biopsy is not reasonable.

3. Generalization of mantle-cell lymphoma is accompanied by focal (rarer focal-
diffuse) intertrabecular (rarer together with paratrabecular) infiltration of BM. Diagnostic
immunophenotype of neoplastic B-lymphocytes (CD5+ CD23-) is established by BM
puncture, and IHC is not needed. Morphologic study of BM trephine biopsy is indicated
to detect transformation into a blastoid type.

4. BM involvement in FL is focal, with paratrabecular, intertrabecular or mixed
location. Comprehensive immunomorphologic study of BM trephine and aspiration biop-
sies is mandatory in all cases to differentiate the lesion from marginal zone lymphoma of
the spleen and reactive disease.

5. Marginal zone lymphoma of the spleen is characterized by intrasinusoidal, folli-
cle-like and diffuse interstitial BM lesion. Intrasinusoidal and follicle-like intertrabecular
growth of tumor cells in BM is specific of the lymphoma type in question and established
by IHC only basing on confirmation of B-cell nature of tumor elements and detection of
CD21+CD23+ follicular dendritic cells.

6. BM involvement in diffuse large B-cell lymphoma is to a high degree associated
with tumor primary site: diffuse localized blast growth is characteristic mainly of primary
nodal tumors, while morphologic discordance with generation of T-cell foci in BM is
more specific of extranodal primary disease. IHC of trephine biopsy is needed in the
absence of lymphoma cells (blasts) in BM aspiration biopsy or if morphologic evidence of
discordance is present.

7. Burkitt's lymphoma is characterized by high frequency of BM involvement of
acute leukemia type (cytological L3 type). BM trephine biopsy sections present with iso-
lated macrophages among diffusely growing blasts (a 'starry sky' pattern similar to the pri-
mary tumor). Peripheral immunophenotype of B-blast with high proliferative activity is
established by BM puncture biopsy. IHC of trephine biopsy is needed, if atypical lymphoid
infiltration is discovered.

8. BM from patients with MALT-lymphoma of the stomach diagnosed immunomor-
phologically may have small-cell lymphoid infiltration (intertrabecular or paratrabecular)
looking like lymphoma lesion at the morphology level. These infiltrations are mainly com-
posed of T-cells (reactive type) in most cases as discovered by IHC of BM trephine biopsy.

9. In cases with plasmacytic or lymphoplasmacytic tumors BM may be the only
extranodal site of lymphoma accessible for histological study. Immunologic verification of
the diagnosis is based on establishing monoclonality (k/A) with confirmation of plasma-
cytic differentiation (CD138).
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Abstract

We studied MUC-1 expression using monoclonal antibodies ICO-25 and LU-BCRU-
G7 on breast cancer cells and assessed anti-M UC-1 monoclonal antibody potential in the
treatment of cancer. IHC discovered ICO-25 epitope on breast cancer cells in 94% of all
cases (including 56.3% of monomorphic and 37.7% of mosaic reactivity cases). MUC-1
expression correlated with CEA (p<0.05) and did not correlate with levels of lymphocyte
or macrophage infiltration, or breast cancer stage. Overall and disease-free survival rates
were decreasing with increase in the antigen expression. ICO-25 detected lymph node
involvement 9.7% more frequently than conventional histologic tests. Antigen Galf1-
3GIcNAc (Lec — a MUC-1 determinant, LU-BCRU-G7 monoclonal antibody) was
studied in early breast cancer. The antigen was present in 56.8% of cases, was significant-
ly correlated with CD71 and tumor size grater than 3 cm. Lec expression was associated
with poorer survival of patients with early breast cancer (the difference was significant for
grade 11T tumors). LU-BCRU-G7+ breast cancer tended to metastasize to lungs. Galp1-
3GIcNAc-binding B-lymphocytes were found in peripheral blood from 85% (18/21) of
breast cancer patients and 75% (6/8) of normal donors. An ICO-25-derived drug
Imuteran was studied in phase I trial in 10 patients. Single and total dose escalation was
performed by a modified Fibonacci scale. Allergic reactions were the main adverse events.
A regimen of Imuteran administration at 35 mg (700% of the starting dose) by i.v. drip
once weekly was recommended for stage 11 clinical study. By now 20 enrolled patients have
received 26 treatment cycles, response was assessed in 16 cases. There were no complete
or partial responses to treatment. Disease stabilization for 11.8+4.3 weeks (median 10
weeks) was detected in 37.5%, progressive disecase was reported in 62.5% of cases.
Treatment was discontinued in 15% (3/20) of patients due to toxicity (allergic reactions in
2 and intestinal paresis in 1 cases).

Key words:
MUC-1, immunohistochemistry, monoclonal antibodies, Imuteran, clinical trial.

List of abbreviations
MAB — Monoclonal antibodies
BC — Breast cancer

OS — Overall survival
DFS — Disease-free survival
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There was a true break-through in cancer chemotherapy at the borderline of the second
and third millenniums owing to development and clinical use of targeted therapies, i.e.
agents with antitumor activity against specific molecules. Now experimental knowledge
about a huge number of tumor-associated antigens is of much importance for develop-
ment of new targeted therapies rather than for diagnostic or prognostic purpose only. New
drugs may be derived from monoclonal antibodies (MAB) to various determinants, anti-
sense oligonucleotides, small molecules such as signal transduction inhibitors etc.

Epithelial mucins are a large family of tumor-associated antigens. Mucins are large,
extensively glycosilated macromolecules that are expressed and secreted by various epithe-
lium types. By physiological function, they are protection antigens and physiological
lubricants with their expression mainly increasing and/or changing in cancer.

There are several mucin families identified so far. MUC-1 (CD227) is of the most clin-
ical significance both as a tumor marker in general and as a breast cancer (BC) marker in
particular [19]. This is a complex of glycoproteins that includes a polypeptide body with
multiple oligosaccharide side chains containing O-compounds with serin and treonin
residues. As the mature MUC-1 molecule is anchored to cell surface by a transmembrane
domain, the greater portion of the molecule is expressed extracellularly as an elongated
structure with a much greater extension from cell membrane as compared to other macro-
molecules expressed on cell surface. The huge region of MUC-1 protein body contains a
variable number of highly constant repeated sequences of chains or units each consisting
of 20 amino acids.

MUC-1 physiological functions are not yet quite clear and are debated, though there
is no doubt about its most valuable property as a marker of many human cancer types.
MUC-1 expression is increased on malignant cells. The molecule loses its extended
orientation with a tendency to polarize on the cell apex. Its glycosilation (with side
chains in O-compounds with serin and treonin residues) is changed and impaired due
to neoplastic transformation. Incomplete or aberrant glycosilation in neoplastic cells
leads to shortening or less marked branching of oligosaccharide chains, accumulation
of previous structures and increase in or de novo exposure of protein body regions.
MUC-1 loses its surface location and comes into circulation (CA 15,3) as a marker of
tumor occurrence and, if detected repeatedly, of disease recurrence, progression or
response to treatment.

There are a large number of MAB to different MUC-1 epitopes available by now [10;
14]. Most of them recognize epitopes inside the protein body of the molecule [22; 23],
while just a few of them (mainly of recent development) react with epitopes including car-
bohydrate determinants [20]. Of these MAB, LU-BCRU-G7 to terminal disaccharide
GalB1-3GlcNAc seems most interesting and promising. This MAB has a unique property
of being absent on cells of normal breast tissue or epithelium in benign hyperplasia.
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Data concerning MUC-1 expression in BC are equivocal because different MAB are
targeted at different epitopes. Besides phenotyping of the primary tumor, MAB to MUC-
1 are widely used in BC to monitor disease recurrence and response to chemotherapy [18;
21], to detect regional micrometastases [8; 17]. MUC-1 derivatives are reported to induce
HLA-restricted cytotoxic T-lymphocyte reaction to BC cell lines leading to lysis of target
cells [12]. A number of studies are currently investigating potential use of MUC-1-
expressing autologous and allogeneic tumor cells and synthesized polypeptide sequences
in vaccination of BC patients [13; 15].

Among the great number of antibodies to different MUC-1 epitopes there is an ICO-25
MAB developed by Russian scientists A. Yu. Baryshnikov and R. 1. Yakubovskaya. The
determinant ICO-25 is frequently found on cells of epithelial tumors including BC, can-
cer of the ovary, uterine tube, stomach, colon and other sites. These MAB are widely used
in this country in study of BC and some other tumors [4; 6].

Immunohistochemical study (IHC) of BC demonstrated the specific reactivity with
ICO-25 being preserved after trypsin and lipase treatment of sections and to disappear
after neuroaminidase treatment which was evidence of the carbohydrate nature of the
determinant [9]. In the normal non-lactating breast ICO-25 reacted with apical mem-
branes of acinuses and ducts only. In non-proliferative and proliferative mastopathies with
grade I-II epithelial dysplasia the antigen was found on apical membranes of epithelial
cells. Among multiple layers of proliferating ductal epithelium the reactivity was detected
only in cells immediately lining the lumen.

ICO-25 reacted with both the primary tumor and metastatic cells in regional lymph
nodes and bone marrow [1; 2]. Frequency of regional lymph node involvement was high-
er by this test as compared to standard pathologic study by 9.7% for BC and 27.2% for gas-
tric cancer, the presence of morphologically undetectable micrometastases in gastric can-
cer correlated with disease progression during the follow-up period [8]. In bone marrow
ICO-25 can detect one cancer cell per million hemopoietic cells, the presence of tumor
cells in sternal puncture biopsy from BC patients correlated with a higher frequency of
bone metastases [3].

ITHC results provided a rationale for development of an original Russian drug Imuteran
on the basis of ICO-25 in a joint project of the N. N. Blokhin CRC RAMS and the P. A.
Herzen Moscow Oncology Institute. Experiments on nude mice with xenografts of human
colonic carcinoma demonstrated ICO-25 to markedly inhibit tumor growth, by toxicolo-
gy study Imuteran was associated with low risk of acute or chronic toxicity [5; 7; 16]. These
data were a basis for study of Imuteran in a clinical setting.

This paper describes study of MUC-1 expression (determinants ICO-25 and LU-
BCRU-G7) on BC cells as well as results of phase I-II clinical trials of Imuteran (as
derived from ICO-25) in patients with advanced epithelial cancer.

MUC-1 expression on BC cells

Determinant ICO-25.4

Immunofluorescence reaction (IFR) with ICO-25 to MUC-1 was studied on frozen histo-
logical tumor sections from 183 patients with BC (including 138 ductal carcinomas, 15 lobular
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carcinomas, 15 mixed lubular-ductal carcinomas, 5 medullary carcinomas, 5 tubular carcino-
mas, 1 papillary carcinoma and 1 cancer with metaplasia). Table 1 presents results of this study.

Table 1.
MUC-1 expression on breast cancer cells
Reaction type (No. of patients, %)
Tumor histology Total No. of patients
monomorphous mosaic negative

Ductal carcinoma 76-55.1% 51-37.0% 11-8.0% 138
Lobular carcinoma 8-52.3% 7-46.7% - 15
Rare types 19-63.3% 11-36.7% - 30
Whole group 103-56.3% 69-37.7% 11-6.0% 183

The ICO-25 determinant was found on tumor cells from 94.0% (172/183) of patients.
The expression was monomorphous (more than 70% of antigen-positive tumor cells) in
56.3% (103/183), mosaic (10 to 70% of antigen-positive tumor cells) in 37.7% (69/183) of
cases, and 6.0% (11/183) tumors were antigen-negative.

The antigen was located in a diffuse manner both in cytoplasm and on tumor cell mem-
brane with a very bright fluorescence by IFR. Cell staining intensity in each of the tumors
with mosaic antigen distribution varied from fully negative to very intensive, the cells hav-
ing bright, weak or no staining both as homogeneous areas or (more frequently) near each
other. In cases with areas of preserved breast tissue MUC-1 was found on apical areas of
ductal epithelium cell membranes (unlike cancer cells, the normal epithelium demon-
strated reactivity on cell membranes only).

MUC-1 expression analysis (ICO-25 determinant) in different BC histotypes demon-
strated all the 11 antigen-negative cases to be ductal carcinomas. It should also be noted
that all the 5 medullary carcinomas had this marker on a majority of cells.

Analysis of MUC-1 expression in relation to other BC cell antigens (CEA, HLA-DR,
CD71, CD29) demonstrated MUC-1 to be positively related with CEA (y2=14.152;
p=0.007): all 100% tumors with monomorphous CEA expression also had monomor-
phous MUC-1 expression. Monomorphous expression of MUC-1 was encountered more
frequently in the CEA-mosaic than the CEA-negative group (68.4% vs 49.3% respective-
ly). The only MUC-1-negative case was CEA-negative too. Statistical analysis showed
MUC-1 and CEA being of equal value. Of note, CEA expression and MUC-1 cytoplas-
matic location are not characteristic of normal BC epithelium. The presence of CEA-pos-
itive and MUC-1-positive phenotypes may be interrelated and may be evidence of malig-
nant transformation with specific anaplasia and dedifferentiation.

MUC-1 expression had no effect on levels of tumor infiltration by various immunocom-
petent cell populations including CD45 (all lymphocytes); CD7, CD5, CD4, CDS8 (T-
cells and their populations); CD19, CD37 (B-cells), CD38 (plasmatic cells) and CD163
(macrophages).
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MUC-1 expression showed no relationship with disease advance as defined by tumor
size (T), presence of positive regional lymph nodes (N) and disease stage.

Study of disease-free survival (DFS) of BC patients with respect to MUC-1 expression
on tumor cells demonstrated that DFS was decreasing with increase in the marker expres-
sion (the differences were not statistically significant, p>0.05) (table 2).

Table 2.
Disease-free survival in breast cancer patients with respect to MUC-1 expression on
tumor cells

MUC-1 expression
(No. of patients)

Disease-free survival

5 years, % (mean+SD)

10 years, % (meantSD)

median

None (8) 70.0£18.2 — not reached
Mosaic (59) 63.516.4 56.0+7.5 not reached
Monomorphous (82) 51.145.8 41.616.8 72 months

A similar trend was discovered for overall survival (OS): the 5-year OS rates for cases
with antigen-negative, mosaic and monomorphous reactivity were 75.0+21.7%,
74.8+5.9% and 67.1£5.4% respectively (p>0.05).

We used ICO-25 to study frozen sections of regional lymph nodes from 72 BC patients.
Standard morphology study discovered regional lymph node involvement in 45.8%
(33/72) of cases. The use of ICO-25 increased metastasis detection by 9.7% as compared
to histologic study to reach 55.6 (40/72) of cases. IHC also discovered metastases in 7
cases with negative histologic tests. Our findings prove reasonable the use of this addition-
al test in node-negative cases.

Terminal disaccharide GalB1-3GlcNAc (Le¢-a MUC- 1 determinant, LU-BCRU-G7)

Reactivity with MAB LU-BCRU-G?7 to Lec was studied on de-embedded tumor sec-
tions from 88 early BC (T1-2NOMO) patients. There were 59 ductal, 7 lobular, 13 mixed,
5 medullary carcinomas and 4 cancers of other types. Terminal disaccharide Galf1-
3GIcNAc (Lec) was found on malignant cells in 56.8% (50/88) of cases including 21.6%
(19/88) with monomorphous and 35.2% (31/88) with mosaic reactivity patterns. 43.2%
(38/88) of tumors were antigen-negative.

LU-BCRU-G7 expression demonstrated no relationship with tumor histology or grade,
though increased with decrease in cancer cell differentiation: the antigen was discovered
in 50% (8/16) of well differentiated, 57.1% (12/21) of moderately differentiated and
61.5% (8/13) of poorly differentiated cases (p>0.05).

Lec detection frequency was significantly related with the presence of transferrin recep-
tor CD71 on cancer cells (p=0.026) and not related with major histocompatibility class I
and II antigens, adhesion molecule CD29, or tumor infiltration by CD45* leukocytes,
CD7+ T-lymphocytes and CD163+ macrophages.

Interestingly, ICO-25 and LU-BCRU-G7 reacted differently with the same tumors. As
known, the framework of the intermediate region carbohydrate chains in O-bound glyco-

proteins including MUC-1 contains a type 1 carbohydrate chain connecting the interme-
diate and the core regions and consisting exactly of GalB1-3GIcNAc. This region is nor-
mally «covered» by the carbohydrate chain peripheral region. As a result of glycosilation
impairment in cancer the Galf1-3GIlcNAc becomes a terminal disaccharide easily acces-
sible for antibodies. Thus, two carbohydrate determinants in the same glycoprotein MUC-
1 may demonstrate absolutely different expression on cancer cells.

Since all our patients were node-negative we studied relationship of GalB1-3GIcNAc
(Lec) with tumor size only. The disaccharide was expressed significantly more frequently
on tumors greater than 3 cm as compared to smaller than 3 cm tumors (85% [17/20] vs
48.4% [33/68] respectively, p=0.004). OS and DFS rates were somewhat higher in Lec
cases (table 3), the differences being not statistically significant.

Table 3.
Disease-free (DFS) and overall (OS) survival in breast cancer patients with respect to
GalB1-3GlcNAc (Lec) expression on tumor cells

GalB1-3GIcNAC DFS 0s
expression
. 5years, % . 5years, % .
(No. of patients) (mean+SD) median (mean+SD) median
No (38) 79.0+6.0 not reached 81.146.4 not reached
Yes (50) 65.716.8 not reached 79.615.8 not reached

In grade I1I tumors (n=30) Lec expression correlated with significant decrease in sur-
vival of early BC patients (p=0.05).

Additional analysis of metastasis in cases with disease progression after 6 months
following surgery demonstrated that lung was the most common site of involvement
in GalB1-3GIcNAc-positive cases: the antigen expression was found in 87.5% (7/8)
of cases with lung metastases versus 53.2% (41/77) of patients free from lung metas-
tasis (p=0.047).

B-lymphocyte subpopulation analysis in BC patients: Lec-specific B-cells

Over the recent years there were increasing data about the role of so called "natural”
humoral immunity due to polyreactive pentameric IgM produced by CD5* B-lympho-
cytes in the antitumor defense in BC [11]. We studied B-lymphocyte subpopulations in
blood from 21 BC patients and 8 healthy donors involving assessment of B-lymphocyte
ability to specifically bind to disaccharide Gal1-3GlcNAc (Le€) with fluorescent label in
fluorochromic probe Lec-PAA-flu (further referred to as Lec). A fluorochrome-labeled
lactosamine, a disaccharide stucturally similar to Lec (GalB1-3GlcNAc), was used as con-
trol against Lec. Samples with fluorescent labels were kindly supplied by Professor N. V.
Bovin (Institute of Biological Chemistry RAS, Moscow).

Lec-binding B-cells were found in 85% (18/21) of BC patients and 75% (6/8) of donors.
Average levels of Lec-binding B-lymphocytes were 6.0% (0.73 to 32.0%) and 5.4% (1.5 to
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16.0%) respectively, the differences being not significant. B-cells with marked Lec-binding
and intensive fluorescence were seen in 78% (14/18) of positive BC cases (0.6 to 3.9%,
median 0.9%).

We also analyzed Lec binding with CD5* B-lymphocytes that play an important role in
antibody response to carbohydrate antigens and produce so called natural IgM antibodies.
LectCD5* B-cells were assessed in 12 of 21 patients. In all cases receptors to Lect were
expressed on both CD5+ and CD5- B-lymphocytes. CD5+ B-cells were about 50% of B-
lymphocytes with high affinity to Lect. We are currently studying Lec-specific antibodies
in sera from BC patients.

Results of phase I-II clinical trials of a new Russian drug Imuteran (MAB ICO-25)

The use of biological agents or biotherapies is a new promising approach in cancer ther-
apy. Application of MAB to various tumor-associated antigens is the most important field.
These antibodies alone or in immunoconjugates, immunoliposomes etc. can directly
attack tumor cells and destroy them through immunity effector cells.

As mentioned above, high specificity of ICO-25, MUC-1 low expression in normal tis-
sues and high concentration in cancer cells as well as in vivo antitumor activity and low
toxicity were a rationale for development of a drug Imuteran.

Pharmaceutical formulation: sterile solution of murine monoclonal antibody
1CO-25 at 5 mg/ml; 5 ml (25 mg) vials.

Results of phase I clinical trial of Imuteran

Phase I clinical trial of Imuteran as an anticancer therapy was performed at the N. N.
Blokhin CRC RAMS on approval of the RF HM Pharmacology Committee.

Ten patients with advanced cancer were enrolled. The diagnosis was verified morpho-
logically and all conventional specific treatments proved ineffective in all cases. Table 4
shows distribution of the patients by disease clinical entities.

Table 4.
Patient distribution by clinical entities (phase I)
Diagnosis No. of patients
Breast cancer 6
Metastases from unknown primary site 2
Ovarian cancer 1
Cancer of the body of the womb 1
Total 10

Objectives of phase I clinical trial are: to define single and maximal tolerated doses, dos-
ing regimen and dose-limiting toxicity. Adverse events were reported by the WHO criteria.
Imuteran phase I study was conducted with escalation of the single and total doses of
Imuteran by a modified Fibonacci scale (dose escalation scheme is shown in table 5). The
starting dose was 5 mg.

Imuteran was dissolved in 250 ml of isotonic NaCl solution and administered by intra-
venous drip at 5 ml/min on days 1, 8, 15 and 22 (once weekly, 4 doses in a total).
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Table 5.
Imuteran dose escalation by modified Fibonacci scale
% of Dose Imuteran single .N.O' Of. Imuteran course No. of patients
dose, mg administrations dose, mg
100% 5 4 20 1
350% 17.50 4 70 2
525% 26.25 4 105 1
700% 35.00 4 140 3
185 1
925% 46.25 1 46.95 2

In phase I study 10 patients received 10 cycles of Imuteran therapy (a total of 34 doses).
Eight patients completed treatment, in another two patients the treatment was discontin-
ued due to toxicity after the first dose of Imuteran of 925% of the initial dose (46.25 mg).
The following adverse events were reported:

o chills during infusion, immediately or at several hours after infusion completion
in 60% (6/10) of patients with 32.4% (11/34) of administrations; 3 patients had
chills during the first infusion at 17.5 mg (1 case) and 46.22 mg (2 cases), and
another 3 developed chills during repeated administrations at 26.25 mg (1 case), 35
mg (1 case) and 46.25 mg (1 case);

® nausea and one vomiting episode in 20% (2/10) of patients with 5.9% (2/34) of
administrations;

e urticaria and angioedema in combination with chills and increase in blood pres-
sure in 1 patient (10%) with bone metastases during the first Imuteran infusion at
46.25 mg (treatment discontinued);

e fall in blood pressure, orthostatic collapse in 2 patients (20%) with 11.8% (4/34)
of administrations;

e rise in blood pressure in 2 (20%) patients with 8.8% (3/34) of administrations.

Thus, the treatment was discontinued in 2 of 10 (20%) patients after the first Imuteran
administration at 46.25 mg (925%) of starting dose) due to adverse events.

Imuteran did not affect basic parameters of peripheral blood (hemoglobin, leukocytes,
platelets), clotting system (protrombin time, fibrinogen, RKMP ethanol test, plasma
heparin tolerance) and biochemistry (glucose, creatinine, bilirubin, total protein,
transaminases, alkaline phosphatase).

The dose escalation program was accomplished fully in the phase I trial. Imuteran at
46.25 mg (925% of the starting dose) induced adverse events requiring treatment discon-
tinuation in 2 of 3 patients. Most common adverse events reported during Imuteran ther-
apy were hypersensitivity reactions (chills, collapse, urticaria, angioedema). The following
treatment regimen was recommended for phase I clinical trial: Imuteran 35 mg (700% of
the starting dose) to be administered once weekly, 4 doses in the total. Premedication with
dexamethasone 20 mg i.m., dimedrol 1% 3.0 i/m at 30 min before Imuteran infusion was
recommended to prevent hypersensitivity reactions.
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Interim results of phase 11 clinical trial of Imuteran

In Imuteran phase II clinical trial program, Imuteran treatment was given to 20 patients
with advanced cancer (table 6) in whom all previous conventional specific treatments
(including 3 to 5 chemotherapy regimens) proved ineffective.

Table 6.
Patient distribution by clinical entities (phase II)
Diagnosis No. of patients
Breast cancer 6
Colon cancer 5
Ovarian cancer 6
Uterine tube cancer 2
Germ-cell cancer of the ovary 1
Total 20

Involvement of the liver was found in 45% (9/20), lymph nodes in 35% (7/20), bones in
20 (4/20), lungs in 20% (4/20, 1 in combination with pleuritis), peritoneum in 30%
(6/20), soft tissues in 10% (2/20), small pelvis in 20% (4/20) of the cases.

At the first stage of phase II trial 7 patients received Imuteran 35 mg by i.v. drip once
weekly to a total of 4 administrations with a 3-week interval to follow. Further treatment
was given on a weekly basis without intervals till the scheduled assessment.

A total of 26 cycles (23 complete, 3 incomplete) were given: 16 patients received 1 cycle
each, 3 patients received 2 cycles each and another 1 received 4 cycles of Imuteran therapy.

85% (17/20) of patients receiving a total of 23/26 (88.5%) cycles presented with no morbidity.

Two patients developed allergic reactions as a bronchospasm in combination with allergic
dermatitis and a bronchospasm in combination with angioedema during the 2nd and 3rd infu-
sions of cycle 1. One patient had intestinal paresis imitating intestinal obstruction during cycle
1 (received surgical treatment at the place of residence). Thus, nonaccessible toxicity requiring
treatment discontinuation was reported in 15% (3/20) of patients (efficacy was not assessed).

One patient presented with germ-cell cancer as determined by repeated histology study and
was excluded from efficacy analysis because nonepithelial tumors do not express MUC-1.

Therefore, Imuteran efficacy was assessed in 16 patients, the results are given in table 7.

There were no complete or partial responses to treatment.

Six of 16 (37.5% including 1 case with minimal response) demonstrated stable disease
for a mean period of 11.844.3 weeks, median 10 weeks. Disease stabilization was reported
in 2 of 4 BC patients (stabilization duration 15 weeks and 9 weeks), 2 of 5 colon cancer
patients (stabilization duration 9 weeks and 9 weeks) and 2 of 2 patients with uterine tube
cancer (stabilization duration 19 weeks and 11 weeks). Of note that all patients with stable
disease after Imuteran treatment presented with disease progression after 3 to 5
chemotherapy regimens when starting the study drug.

Table 7.
Response to Imuteran (phase II clinical trial)

No. of No. of
. . patients/ No. cycles/ No. .
Diagnosis of patients of cycles Response (16 patients evaluated)
evaluated completed
2/4 stable disease 15 and 9 wks
2/4 progressive disease
Breast cancer 6(4) 7(9) 2 not evaluated (treatment discontinued due
to allergic reactions)
Colon cancer 5(5) 6(6) 2/5 stable dlsea§e 9.and 9 wks
3/5 progressive disease
5/5 progressive disease
Ovarian cancer 6 (5) 6 (5) 1 not evaluated (treatment discontinued due
to intestinal paresis)
Uterine tube cancer 2(2) 6 96) 2/2 stable disease 19 and 11 wks
6/16 (37.5%) stable disease
Total 19 (16) 25(22) 11.8+4.3 wks (median 10 wks)
10/16 (62.5%) progressive disease

Disease progression was reported in 62% (10/16) of cases.

Imuteran effects on hematology, blood biochemistry and clotting ability were not
reported in phase II clinical trial either.

Summarizing interim results of Imuteran phase II clinical trial, Imuteran can stop dis-
ease progression as demonstrated by disease stabilization in one third of patients with
advanced epithelial cancer types such as cancer of the uterine tube, breast and colon. In
spite of premedication some patients (10—15%) developed severe hypersensitivity reac-
tions due to Imuteran being derived from native murine MAB, which hampers its applica-
tion in clinical trials. Development of humanized MAB inducing minimal immune
response may be reasonable to avoid or considerably reduce these effects. A research in this
field is currently conducted by Academician of RAS G. P. Georgiev and colleagues.
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CYBITIOIIVJIIALI NN
MOBHNJIN30BAHHBIX CTBOJIOBBIX (CD34%)
KIIETOK
KPOBHM BOJIBHbIX
C IIOCIEACTBUAMMN
TAXEJION TPABMbI CIIMHHOI'O MO3TIA*

I'Y POHL| umenu H.H.Broxuna PAMH,
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2KIMHUKA BOCCTAHOBUTENLHOII MHTEPBEHIIMOHHOI HeBpoIoruu u Tepanuu «Heiiposutas,
nupektop — npodeccop A.C.bproxoBeukuit

Pe3iome

Mob6unu3oBaHHbIe cTBOJIOBBIE KiIeTKM (CD34+) 601bHBIX MO3AHETO Meproaa TpaBMa-
TUYECKOI 00JIe3HU CITMHHOTO MO3Ta rereporeHHsbI o akcrnpeccuu CD45, CD38, moHo-
mopdHbIx netepmuHaHT HLA-DR, srmuTonos gp/30. Y 60JbIIMHCTBA TALIMEHTOB OOHA-
pyxuBaetcs dppakuus CD34+ ki1eTok, Ha KOTOPBIX OTCYTCTBYET WJIM TIPENCTaBIEH C HU3-
KO TJIOTHOCTBhIO obOiieneiikouutapHbiii antureH CD45. TMpouent HLA-DR-CD38-
KJIETOK JIMILb Yy 2 MauueHToB Oblia >15% B npenenax CD34+ kieTtok. DKcnpeccust
gp130 — o01eit TpaHCAYLIEPHOI MOJIEKYJIBI IUTOKMHOB CEMECTBA MHTEPIEMKUHA-6 -
Ha CD34+ kjeTKax MMeJIa MeCTO BO BCeX cliydasiX, y 26% OOJbHBIX — B aKTUBUPOBAHHOM
dopme (coueraHue snurornos C7+Al-).

KimoueBbie ciioBa:
cnuHHoMo3roBas TpaBma, CD34, CD45, snuTornsl gp130

* Extended English version of this article is published in Journal of Biological Regulators and
Homeostatic Agents, 2006, V. 20, Ne 1-2.
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IMMUNOPHENOTYPIC PECULIARITIES OF
MOBILIZED STEM (CD34+) CELLS IN BLOOD
FROM PATIENTS WITH SEVERE SPINAL
CORD INJURY
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2Russian State Medical University, Moscow, Russian Federation
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Abstract

Immunophenotype of mobilized stem blood cells (CD34+) was studied in 29 patients
with late post-traumatic spinal lesions. The CD34+ cells demonstrated different levels of
expression of CD45, CD38, monomorphic determinants HLA-DR and gp 130 epitopes.
Most patients presented with a CD34+ cell fraction with no or low expression of common
leukocytic antigen CD45. Only 2 patients had >15% of HLA-DR-CD38- cells in the
CD34+ fraction. A common transducer molecule of interleukin-6 family cytokines gp130
was expressed on stem (CD34+) cells in all the cases, 26% of the patients had an activated
gp 130 phenotype, i.e. a combination of C7+ and Al- epitopes.

Key words:
spinal cord injury, CD34, CD45, gp 130 epitopes.

Pabota BbrinosHeHa B paMKax oTpaciieBoii mporpaMmbl PAMH «HoBbIe KieTouHbIE TEX-
HoJjioruu — MeaunHe». B nepuon ¢ 2003 o 2005 rr. mHTpaTeKalbHOE BBEACHUE MOOUIH -
30BaHHBIX ayTOJOTUYHBIX CTBOJIOBBIX KileTOK (MACK) mpoBeneHo 78 maleHTaM ¢ TpaB-
MaTUYECKOii GOJIE3HBIO CTMHHOTO MO3ra, B 61% ciiyyaeB OTMEYEeH MOJIOXKUTETbHBIN KN -
HUYEeCKUIT 3(pheKT B BUIe MOSIBICHUS] WIN YITy4IIeHUsT IBUTaTeIbHON aKTUBHOCTH B T1a-
PETUYHBIX KOHEYHOCTSX, YIAYUIICHUS (PYHKIIMU Ta30BBIX OPTaHOB, a TAKXKE YaCTUYHOTO,
MO3aMYHOTO YJIyJIlIeHUs] YyBCTBUTEIbHOCTU. KiIMHMYecKre TaHHbIe ITOATBEPXKACHBI pe-
3yJIbTaTaM1 KOMILJIEKCHOTO YPOAMHAMUYECKOT0 UCCIEIOBAHUS 1 3IeKTpOMUOrpachuu.

Tpancruantauuss MACK — 3To HOBoe HallpaBJieHHE B HEBPOJIOTUU, I MEXaHU3M BOC-
CTaHOBJICHUST (YIy4IleHWs]) WHHEPBAllMM WHTPATeKaJbHO BBOAWMBIMU CTBOJIOBBIMH
KJIeTKaMU He U3BeCTeH. TpaHCIUIaHTALIMS ayTOJIOTMYHBIX CTBOJOBBIX MOOUIN30BAHHBIX
TeMOITO3TUYECKUX KJIETOK HanboJjiee YacTo MPUMEHSIETCS B OHKOJIOTMU M OHKOTeMAaTo-
sornu. CyTh METOMIa 3aKJII0YaeTCs BO BBEICHUU MALUCHTY IJIsSI BOCCTAHOBJICHUS YHUY-
TOXEHHOTO XMMUOTepanueit reMoros3a odorameHHoit CD34+ kineTkaMu ¢ppakiiiy MO-
HOHYKJIEapOB KPOBHU, BblAeeHHOH Jeiikadepe3oM. [1ogoOHbIN «3aMeCTUTENbHBIN» Me-
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XaHU3M JEUCTBUS, TO €CTh reHepalus HelipoHoB U3 CD34+ cTBOMOBBIX KJIETOK MPU UX
MHTpPaTEeKATIbHOM BBEIEHUHU OOJIbHBIM CIIMHAIBHOI TPaBMOM, MpPEACTaBISETCSI MaJlOBE-
POSITHBIM, XOTSI M HE UCKJTIOUEH TTOJIHOCTBIO.

Heob6xomumbiM ycioBUeM IMTpUMEHSIEMOM HaMU JIe4eOHOI TTPOLIeAypHI SIBISLIaCh MOOM-
Juzanus crBosioBbix (CD34+) kietok B mepudepuyeckoe KpoBsIHOE pyciao (3TOT dakT
OBLT TIOATBEPKICH Y BCEX OOJTBLHBIX) TTOJ IEHCTBUEM KOJIOHUECTUMYTUPYIOINX (haKTOPOB.
Ilo sroit mpuunHe, He WMCKMoYast, B mpuHLuIe, pomn CD34- ¢ppakiymn UHTpaTeKaIbHO
TPaHCIIAHTUPYEMBIX KJIETOK, Mbl B PaMKaXx JaHHOI paboThl, B IEPBYIO OUYEPENb, COCPEI0-
TOYUJIUCH Ha AeTaabHOM u3ydeHur CID34-nmo3uTUBHBIX CTBOJIOBBIX KJleTKaxX, T.e. MACK.

OnpeneneHHbBIN KITIOY K pas3ragke MpooIeMbl MOXET AaTh YIIIyOJIeHHAs XapaKTepHC-
THKa KayecTBeHHOro coctaBa CD34+ MACK ¢ mo3uiinii BO3MOXKXHOM HETeMOIIO3THYE-
CKOIi KOMMUTUPOBAHHOCTH 3TUX KJIETOK. JIJIsl OTBeTa Ha 3TOT BOMPOC HAMU MTPOBEACHO
uccienoBanue skcnpeccun Ha CD34+ MACK monexkyn CD45 u koakcnpeccun HLA-
DR u CD38. dpyrum acrieKToM paboTHI SIBUIOCh M3ydeHne Ha CD34+ kieTkax sKc-
Mpeccuy U aKTUBaLUMU penentopa gp 130 — TpaHCIyLIepHOI MOJIEKYJIbl IUTOKUHOB Ce-
MelicTBa uHTepieiikuHa-6 (MJI-6). B reMormosTnyecKux U HereMOTO3THYECKIX CTBO-
JIOBBIX KJIeTKax gp 130 siBNsieTcs1 KOpelenTopoM, HEOOXOMUMBIM IS OCYIIIECTBICHUS
npoiaudepaTuBHOTO U IM(MGEPEHIIMPOBOYHOTO OEHCTBUS CIEAYIOIIMX LIUTOKWHOB:
NJI-6, IHT® (uauapHblii HeiipoTpodHbIi dhakTop), TN D (1eitko3-MHIrMOUpYOIIMiA
dakTtop), OM (onkoctatuH M), KT-1 (kapauotpodun-1) u UJI-11 [1; 2; 5]. AkTuBa-
uus gp 130 rion neiiCTBMEM TOTO MJIM MHOTO IIMTOKMHA MOXET ObITh OlleHeHA Ha OCHO-
BaHUU 3ITUTOIHOM CTPYKTYphI gp 130 [6].

MeToauka ucciaeaoBaHus

B uccnenoBanue BKIOYEHBI 29 MalMeHTOB MO3IHETO Mepruoaa TpaBMaTUIECKOM 00-
JIe3HU crmMHHOro Mo3sra (ot 3 mo 10 jeT mocje TpaBMbl). Bo3pacT 60obHBIX — 17—65 neT
(menuana — 30 Jiet, auib 4 mauueHTta crapiie 50 jgeT); My>KYuHbI — 24, )KeHIIUHbI — 5.

Mob6unu3auus U c60p ayTOJOTUIHBIX CTBOJIOBBIX KJIETOK KPOBU OCYIIECTBIISUIACH 110
CTaHAApPTHOM MeETOAMKEe, PEKOMEHIOBAaHHON U yTBepxAeHHOI EBpomneiickum oOlie-
CTBOM TpaHCIIaHTAIIMM KOCTHOTO MO3ra. B KauecTBe KOJIOHUECTUMYJIMPYIONIEeTo (hak-
TOpa MIPUMEHEH HEUTIOTeH.

CTBOJIOBBIE KJIETKU M UX CYOIOIY/ISIIMU B JIGMKOKOHIIEHTPATE OIPENesii METOIOM
NpSIMON UMMYHOMIIyOPECLIEHLIMU C TTOC/IeAYIoLIEeN MPOTOYHOM LIuToMeTpuei. Mcnob-
30Baiu MoHOKJIoHaNbHEIe aHTUTeNa (MKA) Kk CD34 HPCA-2, MeueHHbIe (DUKOIPUTPU-
HoM /PE/ (Beckton Dickinson, CILIA), koHtposeM ciyxui mbiuHbiii IgG1-PE. B uc-
CJIeOBaHUSIX CYONOMYJSILIMA CTBOJIOBBIX KJIETOK MCIOJb30Bad KOHBbIoratel MKA
k CD34 ¢ PE/Cy5 u FITC.

Okcnpeccusa Mmojiekynsl CD45 u3zydyeHa Ha MOOMJIM30BAHHBIX CTBOJOBBIX CD34+
kieTkax y Bcex 29 mauueHToB. Mcnonbs3zoBanu MKA k CD45, HanpsMylo MeuyeHHbIe
FITC (DakoCytomation, Janus). Onpeaenenue akcnpeccuu moiekyn HLA-DR (mo-
HoMopdHEIe neTepMuHaHTh) 1 CD38 Ha MOOGMIM30BAaHHBIX CTBOJIOBBIX KJIETKAX TTPOBO-
WY C UCTIOJb30BaHUEeM HampsiMylo MedeHbix aHTuTesl - HLA-DR-PE u CD38-FITC
(Becton Dickinson, CILIA).
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MKA x tpaHcayuepHoMy peuentopy gp 130 npenoctaBiensl J. Brochier (INSERM,
®pannus). Ucronb3oBaan aHTUTEA K 2 3IUTONaM MOJIEKYIbl: Al B caiiTe TuMepu3a-
muu 1 C7 B apyrom (yHKIMOHAJIBHO aKTMBHOM JoMeHe. KoHbIoraTbl 3TUX aHTUTEN
¢ PE/Cy5 (mns Al) n dukospurpuHoM (s C7) 6bLIM TToTydeHbl coBMeCTHO ¢ R. Jones
(HMDS, Leeds, UK).

AHanu3 JaHHBIX MPOBOAWIM Ha npoTtoyHoM LuTomeTrpe FACScan (Becton Dikinson,
CIIA). Cybnonynsiiyu CTBOJIOBBIX KJIETOK M3ydann B reiite CD34+ KiIeToK ¢ HUBKUMU
(6IM3KUMU K TaKOBBIM IS TUM(MOUIHBIX KJIETOK) XapaKTepUCTUKAMU CBETOPACCESIHUS
nasepHoro Jiyda (Low SSC).

Pe3ynbraTbl MCClIe0BAHUSA

Anturen CD45 skcnpeccupoBaH Ha KJIETKaxX KPOBU 32 MCKITIOUEHUEM SPUTPOLIUTOB -
He3peJbIX MPeIecCTBeHHUKAX, JUM@oLnTaX, rpaHylonuTax, MoHouutax. [1o Mepe co-
3peBaHus KJIeTOK KpoBu akcrpeccuss CD45 Ha Hux Bo3pacTaeT. CTBOJIOBbIE T€MOIOATH -
YecKre KJIETKH XapaKTepu3yIOTCsI pa3TMYHBIMU YPOBHSIMU 3Kcripeccun CD45 — ot He-
3HAYUTEJbHOI 10 BhIpaxkeHHOoM. Hannune CD45 Ha CTBOJIOBBIX FeMOITOTUYECKUX KJIET-
KaX KPOBU 1 KOCTHOTO MO3Ta TOJIOKEHO B OCHOBY OTHOTO U3 HanboJIee N3BECTHBIX IIPO-
TOKOJIOB onpeneneHus 3tux kietok — ISHAGE [3]. YV 21 u3 29 6onbHBIX ¢ TpaBMaTHde-
CKOI1 60JIe3HBIO CITMHHOTO Mo3ra cpenu CD34+ Ki1eToK BhISIBISIACH OTYECTIMBAS TTOITYJIs -
LM KJIETOK C KpaifHe ciaboii sKcnpeccueli (HUXKe YpOBHST Ha TPaHyJIOLUTAaxX) WU OTCYT-
ctBreM CD45. ¥V 5 6onbHbix (17%) npouent CD45- kietok cpeau CD34+ KiieTok GbLT
HebonbimM (5—18,9%), y 10 (34%) — ymepeHnHbiM (24—49%) n'y 6 (21%) — BBICOKMM
(62-98%). B 8 ciyuasix (27%) CD45-nHeratuBHas dpakiust CD34+ Ki1eToK OTCYTCTBOBa-
na. Ha puc. 1 npuBeneH npumep cjiaboit 3Kcrpeccuur 1 rojHoro orcyrctBust CD45 Ha
98% CD34+ xietok, oryeTuBo BumHa CD45- dhpakiius.

Okcnpeccuss CD34 xapakTepHa He TOJIBKO JJis T€MOITIO3TUYECKUX, HO U ISl CTPO-
MaJIbHBIX TPEAILIECTBEHHUKOB, KOTOPHIE COCTABSIIOT HEOOIBIION MPOLIEHT B Mpeaenax
dpakuuu CD34+CD38-HLA-DR- [7]. a5 Oosiee eTalTbHOTO U3yYEHUS 3TOTO BOIIPOCa
Hamu npoBeneH aHanu3 akcrpeccun CD38 u HLA-DR Ha Mo6unmzoBanHbix CD34+
KJIeTKax KpoBH 12 00JbHBIX C TPAaBMAaTUYECKOM 00J1€3HbI0 CTMHHOTO Mo3ra. [Tponopuus
CD38-HLA-DR- kierok cpeau CD34+ kjieToK B GOJIBIIMHCTBE CIy4yaeB Obljla HE3HAUM -
TenbHOM (MeHee 9% y 10 GONBHBIX) M JIMLIb Y 2 60IbHBIX cocTaBuiaa 16% u 23% (puc. 2).
B 06oux ciaydasx ¢ BeipaxkeHHoi# mponopuueit HLA-DR-CD38- ctBonoBbix (CD34+)
KJ1eTok 6osbirHcTBO CD34+ keTok He uMmeno Ha MeMOpaHe CD45. B npuBeneHHOM
npumMepe CD45-neraruBHas dpakuus cocraBmia 98%.

Ocoboe BHUMaHUe HaMU OBLIO yAeJeHO OLIEHKe KCIPEeCCHH 1 aKTUBAIlMA HAa MOOM-
JIM30BaHHBIX CTBOJIOBBIX KJIETKaX TPAHCIYLIEPHOrO peLenTopa LIUTOKWMHOB ceMeicTBa
uHTeprelikuHa-6 — moJekyne gp130. Panee momo6HbIX uccnenoBanuii B Poccuu u 3a
pybexxoM He MpoBOAWIOCH. Y 15 OOJIbHBIX C TpaBMaTUUYECKOU 00JI€3HBIO CITMHHOTO MO3-
ra U3y4eHsbl 2 31MTONA MOJIEKYJIbl — (DYHKLMOHAIbHBIN artuTon C7, y4acTBYIOLLMIA B Ie-
pemavye curHaia Jieiiko3-uHruompytomero dakropa (JIM®) u onkocratmna M (OM),
a Takke YHKIIMOHATBHBIN 3mUTON Al, BOBJIEUEHHBIN B TUMepu3anvio gp 130 nox neii-
cTBUEM Jioboro 1uutoknHa cemeiictBa WMJI-6 [1]. PasauuHble YpOBHM 3KCIPECCHUU
gp 130 Ha CD34+ xieTkax MMer MeCTO y BceX MalueHToB: B 13 caydasx anuton C7 npu-
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Puc. 1. Moouum3soBannsie croiosbie (CD34) KiaeTku KpoBu, He MMelomye Ha Memopa-
He anTurena CD45:

A — XapaKTepHCTUKM pacCesiHUsI CBETa JIa3epPHOTO Jiyda KJIeTKaMu Lutadepe3HOro mpoayKra.
ITo ocu X — npsimoe cBetopaccesiHue (FSC) B 0ObIUHBIX enrHMIAX (KaHal AeTeKTopa); Mo ocu Y
(Ha pucyHkax 1A, 1B, 1C, 1D) — 6okoBoe cBeTopaccessHue (SSC);

B — crBonosble kieTku (CD34™) B reitre R1 cocrapmstior 0.4% oT 061Leil KIIETOYHO MOMYJIs-
uuu. ITo ocu X (Ha pucyHkax 1B, 1C, 1D) — MHTEHCUBHOCTb (hJIyOPECLIEHTHOTO CUTHAJIa B OObIY-
HbIx enHMLAX (Ig KaHana dyopectienuuu) mo PE/FL2/;

C — noporoBoe 3HaueHue ypoBHs aKcnpeccun CD45 (PerCP — FL3), onpeneneHHoe Ha OCHO-
BaHUUM HAUMEHBIIIETO TO3UTUBHOTO 3HAYCHMUSI ISl TPAHYJIOLIUTOB.

D — mumb 6% kietok reiita R1 (ctBonoseie CD34™ kietkn) akcnpeccupytor CD45, ocTaib-
Hble — CD45-neratuBHbl. CD45- dpakiins conepXuT Kak abcomoTHo CD45-HeraTuBHBIC KIICTKH,
TaK U KJIeTKU ciabono3utuBHbie o CD45. Ha nuarpammax A u C npeacrasieHo 2,000 coObiTHii,
Ha quarpamme B — 50,000 u Ha auarpamme D — 200 co6wituii (0.4% ot 50,000, reiit R1)

cyrcTBOBal Ha Bcex CD34+ kneTkax, B 9 U3 HUX OTMEUYEeHa KOBKCIIpeccHsl anuTomna Al,
YTO COOTBETCTBYET HE aKTUBUPOBAHHOMY COCTOSTHUIO gp 130 [6]. Y 4 GOTBHBIX MOOWIIU-
30BaHHBIE CTBOJIOBBIE KJIETKM MOHOMOP(MHO 3Kcpeccuposaiu anurton C7, a smuton Al
OTCYTCTBOBaJI WJIM TIPMCYTCTBOBAJ JMIIb Ha 4YacTU KJIeToK. [lomoOGHasi smuTomHas
CTPYKTYpa XapaKTepHa JIJIsl akKTUBALIMKU MOJIeKYIbl gp 130 on neiictBuem UJI-6, UJI-11,
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S W FITC(3) vs KPE(4)

:D_ W FITC (3) we KPE(4)

Puc. 2. Okcnpeccuss HLA-DR n CD38 na MmoOuamn3oBaHHbIX cTBOJIOBbIX (CD34+) Kier-
KaX KpOBH:

A, B, C — xoakcrnpeccust Mosiekyn. C, D, E, F — ¢pakuus HLA-DR CD38- cpemqu CD34%
KJIETOK.

A — cTBOsTOBBIE (CD34™) Ki1etku cocrapisior 0.44% ot ob1ero uncia KieTok (reit R1);

B — KoHTposbHOE OKpamupanue B reiite CD34™ (FL1 vs FL2);

C — 95% CD34" xnerok koskcmpeccupyior CD38 u HLA-DR na mem6pane. CD45-
HeraTHBHBIE CTBONOBLIE KieTku (CD34™) cocTaBuny B aToM ciydae 65%;

D — reiiT CTBOJIOBBIX KJIETOK;

E — KOHTpOJIbHOE OKpallIMBaHUE;

F — 23% CD34+ kierok He akcnpeccupyior HLA-DR and CD38 (HLA-DR CD38 ). 98%
ctBosioBbIX (CD34+) kierok He akcnpeccupytoT CD45 B aToM ciyuae.
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Puc. 3. MemoOpannas skcnpeccust 3nutonoB gpl30 Ha MOOMIM30BAHHBIX CTBOJIOBBIX
KJIeTKax KpoBH 00JbHBIX (reiitr CD34+ ki1eToK):

ITo ocu X — MHTEHCUBHOCTD (PJIYOPECLIEHTHOTO CUTHaNa (KaHai (IyopecLeHIIu), 1o ocu Y —
KOJIMYECTBO KJIETOK. 3aIUTPMXOBAHHBII MUK — KOHTPOJIbHOE OKPALlIMBaHUE, HE3alITPUXOBAHHBII
ik — okpacka Ha aruromnbl C7 (A, C) u Al (B, D). A, B — xinerku narmvenra K.: gp130 He
aKTUBHPOBaH (00a 3MuTOMNa NMPUCYTCTBYIOT Ha MeMOpaHe). C, D — kieTku naimeHTa B.: mosiekyna
gp130 HaxomMTCsi B aKTUBMPOBAHHOM COCTOSIHMM (rpucyTcTByeT anurton C7, snuton Al
MPAKTUYECKU OTCYTCTBYET).

KaparoTpoduHa 1 ¥ nummapHoro HeliporpodHoro dgakropa [6]. Y 2 60IbHBIX HAa0MI01a-
JIach AKcTpeccus anuTona Al Mpy MpakKTUYecKu MoJTHOM oTcyTcTBuM arurona C7. B re-
MaTOJIOTUYECKUX CUCTeMaX (KJIeTKM TeMo0JIacTO30B, CTBOJIOBBIE T'€MOIIOITUYECKUE
KJIETKM) TaKOe COYeTaHUe SIMTONOB MeMOpaHHOTO gp 130 He ONUCaHO, U TEOPETUUECKU
3TO MOXET COOTBETCTBOBATh HayaIbHBIM 3TariaM curHaiHra JIM® u OM, eie He TTpu-
BEIIIMM K reTeponumepusanuu gp 130. PaznmuaHble BapuaHTHI 3Kcnipeccuu gp 130 mipen-
CTaBJIEHbl Ha puC. 3.

[NonyyeHHbIE HAMM JaHHBIE CBUIETEIBCTBYIOT O T€TEPOreHHOCTH MOOMIM30BaHHBIX
ctBOJIOBBIX (CD34+) Ki1eToK KpoBU OOJBHBIX C TPABMATUUECKOU 0OJIE3HBIO CITMHHOTO
MO3ra 10 3KCIpeccuu oblieneikonuTapHoro antureHa CD45. Y GoablIMHCTBA Malu-
eHToB B nonyasiuuu MACK nipucyrcTBoBasia otyeTiuBas ¢ppakius CD45-HeraTUBHbBIX
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kietrok (CD34+CD45-). CoracHO JaHHBIM JIMTEPaTyphbl, UMEHHO 3TU KJIETKH, TaK Xe
kak 1 CD38-HLA-DR- kji1eTku MoTeHIMaIbHO MOTYT N1bGhepeHIIMPOBAThCS B HETEMO-
MO3TUYECKOM HampasieHuu |[7]. Ha ceromHsAmHWI 1eHh HET METOIOB TIPSIMOTO TIOM-
TBEPXXACHUSI HEMPOHAIBHON WM TJIMATbHOW KOMMUTHPOBAHHOCTU MOOWIIM30BAHHBIX
CTBOJIOBBIX KJIETOK. He nckiouyeHa BO3MOXHOCTb IpuodpereHuss CD45-HeraTuBHbIMU
MACK HeremMornoaTruuecKoil HarpaBjieHHOCTU A depeHIUPOBKU B YCIOBUSIX CIELIU -
(raecKoro MUKpOOKpPYKeHUs ITpH MHTpaTeKaabHOM BBeaeHUM; it CD45+CD34+ ke-
TOK TIOJOOHBII XON pa3BUTUS COOBITUIA, COTIACHO COBPEMEHHBIM MPEACTABICHUSIM,
MOJTHOCTBIO UCKITIOYEH.

Hawubonee mepcrieKTUBHBIM, Ha HAIll B3TJISIA, B TIPOBEPKE TUIIOTE3BI «3aMECTUTEb-
Hoii» poan MACK npencrasisieTcsl McciieqoBaHNE BOZMOXHOCTU MHAYKIIMY HEHpoHa-
JIbHOW WJIM TuaiibHO# nuddepeHIPOBKH CTBOJIOBBIX KJIETOK MPSIMBIM 0€CLIUTOKMHO-
BBIM Bo3aeiicTBUeM Ha gpl30. Panee HaMu MOAOOHBII MeXaHU3M ObLT YCTAHOBJIEH JJIST
TeMOITO3TUYECKIX CTBOJIOBBIX KJIETOK [2; 4], OMHAaKO Ha HEHPOHATBHBIX MPEAIIECTBEH-
HuKax He usydaics. [IpencraBieHHble B paboTe JaHHbBIE CBUAETEIbCTBYIOT 00 9KCIIpec-
cun gpl30 Ha MACK (CD34%) kak B HEaKTHUBMPOBAHHOM COCTOSIHUU (SMUTOMBI
A1+C7+%), tak u B aktuBupoBaHHOM (A1-C77). Bosee Toro, B 2 cirydasix oTMeYeHO TpaK-
TUYEeCKU MOJHOe oTcyTcTBUe anuTona C7, 4yTo, TEOPETUUECKH, MOXET UMETh MECTO Ha
HayvalbHbIX 3Tanax curHaimara OM u JIN®.

Hamu He ctaBuiioch 3anauu oLeHUTDh 3Gh(MEKTUBHOCTD JIeYEHHUS MOCIEACTBUIM TPaBMbl
c momotisio MACK B 3aBucumocTty ot Hammuust B ux ronyssituu CD45-HeraTuBHBIX Kite-
TOK U OT aKTUBALIMOHHOTO cTatyca gp130. IlonoxurenbHble KIMHUYECKUE 3D(MEKTHI OT-
MeYeHbI U 'y 60s1bHbIX ¢ oTcyTcTBUEM CD45-HeratuBHbix MACK. DT0 roBOpUT O BO3MOX-
HOCTH TepaneBThuYecKoro addekra He Toabko CD34+CD45- MACK, HO ¥ BBOTUMBIX OfI-
HoBpeMeHHO ¢ HuMu CD34-HeratuBHbiXx win CD34+CD45+ knerok. Ha cerogHsiiHuii
NIEHb «3aMeCTUTEIbHbII» MexaHu3M AeiicTBust MACK (yrpoliieHHO roBopsi, reHepalus u3
HUMX HEMPOHOB) Mpe/cTaBisieTcsl Haubosiee YSI3BUMbIM U TPYAHO Joka3zyeMbiM. [Ipencras-
JISIETCSI OYEBUIHBIM, UTO BaXKHYIO POJIb B BOCCTAHOBJICHUU WU YITy4IIEHUN WHHEPBALIMKA
TKaHeit non aeiictBueM MACK MoryT urpaTh npolecchl MHIYKLIMA POCTa HEPBHBIX OT-
POCTKOB, UX MUEJIMHU3ALIUM, AHTUOTEHE3a, & TaKXKe LEeJbliA sl IpYrux (akTopoB.
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