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AA	 – aplastic anemia 
ATG	 – anti-thymocyte globulin 
HSC	 – hematopoietic stem cells 
IFN-γ	– interferon-γ
IHC	 – immunohistochemistry
IL-2	 – interleukin-2
LN	 – lymphoid nodules
MRI	 – mass ratio index 

MZ	 – marginal zone
nSAA	– nonsevere aplastic anemia 
PALS	 – Peri-arteriolar lymphoid sheaths
RP	 – red pulp
SAA	 – severe aplastic anemia 
TNF-α	– tumor necrosis factor-α
WP	 – white pulp

© Group of authors, 2019 
UDC 611.41-018:616.155.194
DOI – https://doi.org/10.14300/mnnc.2019.14106
ISSN – 2073-8137

CONTENT OF B- and T-CELLS IN THE SPLEEN OF PATIENTS  
WITH APLASTIC ANEMIA
Fedorovskaya N. S. 1, Petrov S. V. 2, Zaitsev V. B. 1

1 Kirov State Medical University, Russian Federation  
2 Kazan State Medical University, Russian Federation

СОДЕРЖАНИЕ В- и Т-КЛЕТОК В СЕЛЕЗЕНКЕ ПАЦИЕНТОВ  
С АПЛАСТИЧЕСКОЙ АНЕМИЕЙ
Н. С. Федоровская 1, С. В. Петров 2, В. Б. Зайцев 1

1 Кировский государственный медицинский университет, Российская Федерация  
2 Казанский государственный медицинский университет, Российская Федерация

Using histological, immunohistochemical (IHC) and morphometric methods, B- and T-cells, we studied the spleens 
of 30 patients with aplastic anemia (AA). The median age is 21.0 (18.5; 38.5) years. The control group consisted of 20 
persons who died suddenly and who did not have a history of blood diseases. In the histological material of the spleens, 
with IHC staining and morphometry, the relative numerical values of B-cells and T-cells populations in the functional ar-
eas of the organ in AA patients were obtained. Recalculation of morphometric parameters in absolute values (g) taking 
into account the mass of the spleen was carried out according to the original methodology. Evaluation of the content of 
B- and T-cells in the spleen made it possible to determine the factors predicting the course of development of AA after 
splenectomy. Signs which determine the unfavorable prognosis for the progression of disease are as follows: the absolute 
number of CD4+ T-cells in the spleen is less than 5.4 g and the Mass Ratio Index (MRI) CD4+ / CD8+ T-cells is less than or 
equal to 1.0. Consequentially that justifies a need for an individual approach to further immunosuppressive therapy in this 
category of patients.
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На основании гистологических, иммуногистохимических и морфометрических методов изучали В- и Т-клетки в 
селезенке 30 больных с апластической анемией (АА). Медиана возраста – 21,0 (18,5; 38,5) лет. Группу сравнения 
составили 20 лиц, скончавшихся скоропостижно и не имевших в анамнезе заболеваний системы крови. В гисто-
логическом материале селезенок при ИГХ окрашивании и морфометрии получены численные значения популяций 
В- и Т-клеток в функциональных зонах органа у больных АА. Пересчет морфометрических показателей в абсолютные 
значения (г) с учетом массы селезенки проводился по оригинальной методологии. Оценка содержания В- и Т-клеток 
в селезенке позволила определить факторы прогноза течения АА после спленэктомии. Определяющими неблаго-
приятный прогноз признаками содержания клеточных субпопуляций в селезенке явились: значение абсолютного 
количества CD4+ Т-клеток в селезенке менее 5,4 г и величина индекса соотношения масс CD4+/CD8+ Т-лимфоцитов 
меньше или равно 1,0, что обосновывает индивидуальный подход к проведению дальнейших курсов иммуносупрес-
сивной терапии у данной категории больных. 
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The immune mechanisms of the development 
of aplastic anemia (AA) include the effects of 
cytotoxic T-cells on hematopoietic stem cells 

(HSC). Mediators of immune aggression of hema-
topoiesis: interferon-γ (IFN-γ), tumor necrosis fac-
tor-α (TNF-α), interleukin-2 (IL-2) lead to disruption 
of proliferation processes and stimulation of apop-
tosis of hematopoietic progenitors and stem cells, 
ultimately resulting in a marked decrease in the pool 
of hematopoietic cells and the development of bone 
marrow aplasia [1, 2].

The removal of a large mass of activated lymphoid 
cells involved in the genesis of the pathological process 
is one of the mechanisms of the influence of splenectomy 
on the course of AA. Splenectomy is included in the treat-
ment program for adult AA patients in case of intolerance 
to antithymocytic globulin (ATG) and if patients fail to re-
spond to the first or second stage of immunosuppressive 
therapy of ATG for 3–6 months [3]. However, data on the 
quantitative content of lymphocytes in the spleen of pa-
tients with AA, depending on the severity of the disease, 
have not been found. To study the cellular composition in 
histological sections of the spleen, we carried out investi-
gations using modern technologies, such as immunohis-
tochemistry (IHC) and computer morphometry.

The objective of the research was to determine the 
content of B- and T-cells in the spleen of patients with 
aplastic anemia.

Material and Methods. A study of the spleen was 
performed in 30 patients with AA. The median age was  
21.0 (18.5; 38.5) years. The number of male patients was 
22 (73.3 %), female – 8 (26.7 %). Twelve patients (40 % 
out of total) had a form of nonsevere aplastic anemia 
(nSAA); 18 patients (60  % out of total) had a form se-
vere aplastic anemia (SAA). All patients received complex 
treatment before splenectomy, including the introduction 
of methylprednisolone, cyclosporin-A. Splenectomy was 
performed on the 4th–7th day after initiation of glucocorti-
costeroid therapy. A comparative analysis was performed 
with the samples of the spleens, which were taken from  
20 individuals who died suddenly and did not have diseas-
es of blood. The median age was 39 (36.3; 50.5) years. 
There were 12 (60.0 %) men and 8 (40.0 %) women. 

  Histological studies of the spleen were performed 
on sections from paraffin blocks (hematoxylin and  
eosin staining); IHC staining  – with antibodies (CD20; 
CD3; CD4; CD8) and imaging system En VISION, PER-
OXIDASE (DAB) «Dako» in working dilutions. Morphomet-
ric results were evaluated using a light microscope Leica 
(Germany) and computer program Image Scope Color, 
version M (in 20 fields of view, x 1000).

In the studied histological material of the spleen, by 
IHC staining and morphometry, we obtained relative nu-
merical values (%) of the functional areas of the spleen 
(white and red pulp) and populations of B- and T-cells. 
Then, according to the original methodology, we calcula- 
ted the absolute values (g) of the mass of functional zones 
and cellular elements taking into account the spleen 
mass (according to patents of invention: № 2535059 dat-
ed October 08 2014, №  2625036 dated July 11, 2017, 
and № 2594119 dated July 19, 2016).

Statistical analysis was performed using the comput-
er program «STATISTICA 10.0» (StatSoft, USA). To identify 
the significance of differences between the indicators in the 
compared groups, non-parametric two-sided Kruskal – Wal-
lace, Mann – Whitney criteria were used, taking into account 
the Bonferroni correction in multiple comparisons. Diffe- 
rences were considered statistically significant at p<0.05. 
The research results are presented with an indication of the 
median, the lower (25 %), and upper (75 %) quartiles.

Results and Discussion. An observation of the 
B-lymphoid population in the spleen of patients with AA 
showed that CD20+ cells were located mainly in the B-cell 
zones of White Pulp (WP): in the Marginal Zone (MZ) and 
Lymphoid Nodules (LN). These cellular elements were lo-
calized discretely and in small perivascular clusters in the 
Red Pulp (RP).

As a result of morphometric research studies of the 
content of B cells in the spleen of patients with AA, an 
increase in the number of CD20+ cells in relative values 
(%) was noted, both in nSAA and SAA of the disease with 
respect to the control group, p<0.05 (table 1). At the 
same time, the dependence of changes in absolute va- 
lues (g) of the content of B-lymphocytes on the severity 
of the disease was revealed. In patients with SAA, a more 
significant number of these cells were observed for those 
in the group with nSAA and the control group (p<0.05).

Table 1
The content of CD20+ cells in the spleen  

of patients with aplastic anemia,  
depending on the severity of the disease

Group Unit spleen WP RP

Control 
group,
n=20

% 8.8  
(7.0; 10.9) 

47.1  
(34.3; 55.9) 

5.0  
(2.9; 8.4) 

g 11.2  
(7.5; 16.2) 

6.0  
(4.7; 7.2) 

4.5  
(2.8; 7.8) 

All 
patients, 
n=30

% 15.9  
(11.9; 18.5)*

37.1  
(32.8; 46.1)

15.2  
(10.6; 18.2)*

g 17.0  
(12.4; 22.3) ∆

4.7  
(3.0; 6.4) ∆

11.8  
(8.1; 17.2) ∆

nSАА, 
n=12

% 15.6  
(9.5; 17.4)*

40.5 (30.0; 
46.8)

13.6  
(9.9; 16.3)*

g 13.5  
(9.0; 19.3) ●

2.9  
(1.9; 4.4) ∆●

10.6  
(6.9; 12.0) ∆

SАА, 
n=18

% 15.9  
(12.9; 18.4)*

36.3  
(32.8; 43.9)

16.2  
(12.6; 18.8)*

g 20.6  
(16.2; 24.9) ∆ ●

5.5  
(4.1; 7.0) ●

15.1  
(11.3; 18.4) ∆

Note: *  – a statistically significant difference concerning 
the control group in relative values, p<0.05; ∆  – statistically 
significant difference to the control group in absolute values, 
p<0.05; ● – statistically significant difference between groups of 
nSAA and SAA in absolute values, p<0.05.

When studying the content of CD20+ B-cells in the 
functional areas of the spleen, a statistically significant 
decrease in their number in WP in absolute values was 
revealed, mainly in individuals with nSAA with the control 
group and patients with SAA (p<0.05). An increase in the 
percentage and absolute content of B-cells in RP in all 
patients with AA relative to the control group (regardless 
of the severity of the disease) indicates a redistribution 
of this population of cells in the process of the disease in 
the organ’s RP.

In a morphological study of the distribution of T-lymphoid 
elements in the spleen, it was found that the total population 
of CD3+ T-cells in WP was determined mainly in peri-
arteriolar lymphoid sheaths (PALS), as well as in a smaller 
amount in MZ and LN. In organ’s RP, CD3+ T-cells were 
discretely distributed. Analysis of the content of T cells in the 
spleen in all patients with hematopoietic depression found 
that the relative values of this cell population are increased, 
regardless of the severity of the disease, and due to an 
increase in these cells in RP. At the same time, there was a 
decrease in the number of CD3+ T-cells in absolute terms in 
WP in patients with both nSAA and SAA (p<0.05).

When assessing the subpopulation composition of 
T-cells, a decrease in CD4+ T-cells was found in all patients 
with hematopoietic depression, both in absolute and 
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relative values with the control group, and this was mainly 
due to a decrease in RP. There was a statistically significant 
decrease CD4+ T-cells in only absolute values in WP (Table 
2). Analysis of the content of CD4+ T-cells in the spleen 
in patients with AA, depending on the severity, established 
lower values for SAA in comparison with control group in 
relative and absolute numbers, mainly in RP. In patients  
with nSAA, a decrease in CD4+ cells was detected concer- 
ning the control group in WP and RP in total numbers.

Table 2
The content of CD4+ T-cells in the spleen of patients 

with aplastic anemia, depending on the severity  
of the disease

Group Unit spleen WP RP
Control 
group,
n=20

% 5.5 (4.2;7.4) 12.5  
(9.1; 16.6) 4.6 (4.0; 6;8)

g 6.7 (4.8;9.4) 1.6 (1.2; 2.8) 4.9 (3.2; 6.2)
All 
patients, 
n=30

% 4.0  
(3.0;5.3)*

13.5 
(7.0;17.6)

3.3  
(2.7;5.0)*

g 4.6 (3.5;5.4) ∆ 1.4 (0.6;2.0) ∆ 3.4 (2.0;4.5) ∆

nSАА, 
n=12 % 4.7  

(3.4;5.7)
17.0 

(9.5;25.2)
3.7  

(2.9;5.2)
g 4.2 (3.5;5.3) ∆ 1.2 (0.4;2.0) ∆ 3.5 (1.5;4.1) ∆

SАА, 
n=18

% 3.3 (2.7;4.9)* 9.7 (5.9;13.9) 3.3 (2.5;5.0)*
g 4.7 (3.6;5.5) ∆ 1.4 (0.7;2.2) 3.2 (2.3;5.0) ∆

Note: *  – a statistically significant difference concerning 
the control group in relative values, p<0.05; ∆  – statistically 
significant difference to the control group in absolute values, 
p<0.05.

Based on morphometric research studies, it was 
found that when the mass of CD4+ T-cells in the spleen 
was more than or equal to 5.4 g, a favorable course of 
aplastic anemia was observed, and at absolute values less 
than 5.4 g, a poor prognosis of the disease was revealed 
(Method for predicting the course of aplastic anemia after 
splenectomy by weight of spleen CD4+ T-cells: patent for 
invention № 2625036 dated July 11, 2017).

In the research study of a subpopulation of CD8+ 
cytotoxic T-cells in the spleen of patients with AA, it was 
noted that they were located both in WP and in RP. The 
number of these cells in the spleen was significantly 
increased in all AA patients with respect to the control 
group (p<0.05), both in relative and absolute values 
(Table 3). The increase in the number of CD8+ cells was 
determined mainly in the organ’s RP and did not depend 
on the severity of the disease.

Calculation of the Mass Ratio Index (MRI) of CD4+/
CD8+ T-cells made it possible to establish a prognosis 
factor of the disease for which a favorable course of 
AA was observed for values>1.0, and an unfavorable 
course for MRI ≤ 1.0 (Method for predicting the course 
of aplastic anemia after splenectomy by the mass ratio 

index of CD4+/CD8+ T-cells of the spleen: invention 
patent № 2594119 dated July 19 2016).

Table 3
The content of CD8+ T-cells in the spleen of patients 

with aplastic anemia, depending on the severity  
of the disease

Group Unit spleen WP RP
Control 
group,
n=20

% 0.5 (0.3; 0.9) 0 (0; 0.6) 0.4 (0.3; 0.7)

g 0.6 (0.4; 1.1) 0 (0; 0.7) 0.4 (0.3; 0.6)

All 
patients, 
n=30

% 3.7 (3.0; 4.2)* 2.2 (0; 4.8) 4.6 (3.8; 5.6)*

g 4.0 (2.8; 4.8) ∆ 0.3 (0; 0.5) 3.6 (2.8; 4.7) ∆

nSАА, 
n=12

% 3.7 (3.3; 4.2)* 2.7 (0; 5.0) 4.6 (4.1; 5.3)*
g 4.0 (3.1; 5.1) ∆ 0.1 (0; 0.7) 3.6 (3.0; 4.9) ∆

SАА, 
n=18

% 3.6 (2.6; 4.2)* 2.2 (0; 4.2) 4.6 (3.2; 5.6)*
g 4.2 (2.5; 4.9) ∆ 0.3 (0; 0.5) 3.7 (2.8; 4.8) ∆

Note: *  – a statistically significant difference concerning 
the control group in relative values, p<0.05; ∆  – statistically 
significant difference to the control group in absolute values, 
p<0.05.

There are reports [4, 5, 6] on the studies of the functional 
heterogeneity of CD4+ T-cells and the effect of this 
subpopulation on bone marrow hematopoiesis in AA. It was 
shown that a decrease in the content of regulatory CD4+CD25+ 
T-cells in the peripheral blood and bone marrow contributes 
to the failure of hematopoiesis in AA due to a violation of the 
inhibition of the production of INF-γ synthesized by effector 
T cells by these cells [6]. Also, the revealed decreases and 
functional disorders of regulatory T-cells in patients with 
AA were identified mainly in patients with a severe form of 
the disease [4]. The effect of cytotoxic CD8+ T-cells on the 
development of hematopoiesis due to the release of immune 
aggression mediators (INF-γ, TNF-α) is described in the 
literature [1, 2, 7]. It is also known that effector T-cells (CD8+) 
can suppress regulatory T-cells [4]. The data obtained as a 
result of our work on the increase in the content of cytotoxic 
CD8+ T-cells in RP, and the assessment of the interaction 
of CD4+ and CD8+ T-cells in the spleen of patients with 
AA significantly complement and contribute to a deeper 
understanding of the immune mechanisms of the disease.

We did not find data on the content of B cells in the 
spleen with AA in the available literature, and therefore our 
new data obtained by us on the distribution of CD20+ cells 
in the pulp of an organ, depending on the severity of the 
disease, is a crucial information indicating the participation 
of this cell population in the pathogenesis of the disease.

Conclusions. The data obtained for the first time on 
the content of B- and T-cells in the spleen of patients 
with nSAA and SAA substantiate an individual approach 
to further courses of immunosuppressive therapy in this 
category of patients after splenectomy.
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