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Original Article 
 
 

Is Interleukin-2 Implicated in the 
Pathogenesis of Aplastic Anaemia? 
 
Objective: To explore whether or not interleukin-2 (IL-2) is the culprit in the pathogenesis 
of idiopathic aplastic anaemia. 
Material and Methods: This retrospective study was carried out at the department of 
Pathological Sciences and department of Haematology, Manchester Royal Infirmary 
hospital &Christie Hospital, UK. By applying non-radioactive in situ hybridization (ISH) 
technique, 75 trephine biopsies (10 pre-treated, 35 post-treated idiopathic aplastic anaemia 
(AA) groups and 30 control group were examined for the presence of total messenger RNA 
(mRNA) message. Thereafter by using cDNA probe to IL-2, non-radioactive in situ 
hybridization technique was applied on the 45 trephine biopsies, which contained the total 
mRNA message. 
Results:  We found that IL-2 positive lymphocytes were decreased in the pre-treated AA 
group as compared control and post-treated AA groups. These groups were not statistically 
different from each other. But when IL-2 positive lymphocytes expressed as proportion of 
CD3 positive lymphocytes among the control, pre-treated and post-treated AA groups, it 
showed that the proportion of IL-2 positive lymphocytes were decreased in the pre-treated 
AA group and on statistical analysis, a significant difference was found (P<0.002) from the 
control group. No significant statistical difference was found between pre-treated and post-
treated AA groups versus control group. 
Conclusion: Our study indicates that the accumulation of lymphocytes is not IL-2 
stimulated. Hence IL-2 is not involved in the pathogenesis of idiopathic aplastic anaemia in 
our study groups.     
Key words: Aplastic anaemia, Pathogenesis, Interleukin-2, Trephine biopsies, 
Non- radioactive in situ hybridization    
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Introduction 

 
In our previous study1 we found increased in 

marrow lymphocytes and demonstrated two lymphocyte 
subpopulations, i.e. one which originates from within the 
marrow (CD4+ve and CD45R0+ve)as it responds in the 
same way as other haemopoietic cells, and the other, 
(CD8+ve and CD45R0-ve) which may be the culprit in 
causing immune-mediated defect in aplastic anaemia.  

The role of lymphokines in the pathogenesis of 
aplastic anaemia has been debated. Various 
lymphokines have been implicated in the pathogenesis 
of aplastic anaemia.2-6 Gascon and colleagues2 
demonstrated that lymphocyte function in aplastic 

anaemia showed marked abnormalities of lymphokine 
production. They showed that in 12 of 17 patients with 
aplastic anaemia, interleukin-2(IL-2) production was 
markedly elevated in vitro. In another study, Nissen and 
co-workers3 found that IL-2 release was abnormally high 
in about 50% of patients with aplastic anaemia. 
Whereas Surez et al4 also demonstrated that IL-2 
production by PHA-stimulated mononuclear cells was 
significantly increased in patients with aplastic anaemia. 
The evidence that interleukin-1 is involved in the 
pathophysiology of aplastic anaemia comes from two 
studies. Firstly, Gascon and Scala5 found that IL-1 
production was markedly decreased in 75% of patients 
with aplastic anaemia as compared to normal controls. 
Secondly, Nakao et al6 observed decreased IL-I 
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production in 10 patients with aplastic anaemia and they 
also concluded that decreased IL-1 production may 
contribute to the pathogenesis of some cases of aplastic 
anaemia.  

The role of interferon as a mediator of 
haemopoietic suppression in aplastic anaemia has been 
investigated by various workers.7-11 The relationship 
between gamma interferon in aplastic anaemia has 
been reported by Zoumbos et al7 and Young8 as follows 
.First, the serum interferon level was high in 42% of the 
aplastic patients studied. Second, interferon production 
by stimulated peripheral mononuclear cells from patients 
was high. Third, spontaneous interferon production by 
these cells was seen in more than half of the patients 
and finally, improvement in colony formation by aplastic 
marrow in the presence of anti-gamma interferon 
antibody was seen. Whereas other workers9 
demonstrated that gamma interferon and tumor necrosis 
factor, can suppress progenitor cell growth. These 
cytokines suppress haematopoiesis by affecting the 
mitotic cycle and cell killing by inducing Fas-mediated 
apoptosis. In addition, these cytokines induce nitric 
oxide synthase and nitric oxide production by marrow 
cells, which contribute to immune –mediated cytotoxicity 
and the elimination of haematopoietic cells. 

Hinterberger and colleagues10, demonstrated 
that enhanced production of cytokines (gamma-
interferon and tumour necrosis factor alpha) by lectin 
stimulated peripheral blood mononuclear cells of severe 
aplastic anaemia patients was an intrinsic feature  of the 
disease and was unrelated to blood transfusions. This 
further suggests, but does not prove, that over 
production of gamma-interferon and tumour necrosis 
factor which exhibit potent stem cell suppressive 
capacities are casually related to stem cell suppression 
in severe aplastic anaemia. In contrast to the above 
studies, Wyrsch and co- workers11  found an increased 
expression of Fas receptors by haemopoietic 
progenitors in AA, suggests that excessive apoptosis 
contributes to multilineage bone marrow failure.        

All above studies are either performed on 
peripheral blood or bone marrow. Trephine biopsies 
have not been explored that is why in this study we 
made an attempt to explore whether increase in marrow 
lymphocytes is interleukin-2 mediated or not. 

 

Materials and Methods 
 
Patient selection and grouping: This 

retrospective study was carried out at the department of 
Pathological Sciences, the Victoria University of 
Manchester, department of Hematology of Manchester 
Royal Infirmary Hospital and Christie Hospital 

Manchester. 
The patients characteristics, grouping and 

biopsy processing are detailed in our previous study.1  
Each had been diagnosed of aplastic anaemia within the 
last thirty years and all conformed to the diagnostic 
criteria of severe idiopathic aplastic anaemia as defined 
by Camitta et al.12 

Jamshadi biopsy needle verticle core biopsies 
were obtained from the posterior superior iliac crest. 
Initially, anti IL-2 antibodies (serotac) were used using 
immunohistochemistry technique as described in our 
previous study1  but could not be made to work to 
identify the local synthesis of IL2 ,  therefore, we 
employed  a relatively new and sensitive technique 
called in situ hybridization (ISH) which allows the 
detection and localization of nucleic acids ( either DNA 
or RNA) within a tissue preparation  by means of 
hybridization with a labeled probe of complimentary 
base sequence.13,14 In this case mRNA for IL-2. 
In Situ Hybridisation for total messenger RNA  in 
trephine biopsies: The tissue specimens i.e.75 
trephine biopsies( 10 pre-treated, 35 post-treated  
idiopathic AA cases and 30 controls cases were 
examined for the presence of total messenger 
RNA(mRNA) by applying nonradioactive in situ 
hybridization (ISH) technique as described by Hoyland 
and Freemont.15 
ISH for the detection of IL-2 in bone marrow trephine 
biopsies: In this part of study, we investigated that the 
accumulation of lymphocytes in the bone marrow 
trephine biopsies was IL-2 stimulated or not. Only those 
tissue sections were selected in which total mRNA 
signal was detected. cDNA probe was supplied by the 
American Tissue Culture Collection (ATCC) as freeze-
dried Escherichia Coli HB 101containing plasmid. The 
probe was prepared by standard plasmid production 
procedure16(based on the method by Maniatis). After  
the preparation , the probe was labeled by the random 
prime labeling  method using Boehringer Mannheim kit. 
The nonradioactive ISH method15 was employed on 12 
normal control biopsies, 7 pre-treated and 20 post-
treated biopsies. All these tissue sections were 
processed, cut and mounted in the same manner as 
described before.1  
Detection: The detection of all sections was carried out 
using streptavidin and biotinylated alkaline method as 
detailed by Hoyland.15 The sites of hybridization were 
seen as a red coloration. 
Control for specificity: Control sections were treated 
the same as that for test sections except they Incubated 
the hybridization solution to which IL-2 probe was not 
added. The rest of procedure was the same as carried 
out for the test sections. 
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Counting of IL-2 positive lymphocytes: The number 
of IL-2 positive lymphocytes per square centimeter of 
the Biopsy were calculated as follows: 

 
Nx1       N           
XxY     XxY 
Where X represent length of the biopsy (in cm), 

Y is the width of the biopsy (in cm) and N indicates the 
number of IL-2 positive lymphocytes in per square 
centimeter of the biopsy. After that, the number of IL-2 
positive lymphocytes expressed as proportion of CD3 
positive cells was calculated as follows for the control, 
pre-treated and post-treated AA groups: 

 
Number of IL-2 positive lymphocytes/cm2 
                                                                  X  100 
Number of CD3 positive lymphocytes/cm2 
 
It is important to mention that CD3 and CD4 

lymphocyte subpopulations had already been calculated 
in our previous study1 under x 40 objective lens which 
had a field area of 0.5mm. The field area was converted 
into per square centimeter by applying π r2 in order to 
relate the number of IL-2 positive lymphocytes to the 
number of CD3 and CD4 positive lymphocytes as 
follows: 

 
Total number of CD3 or CD4 positive lymphocytes in all fields 

                                                                                    X  500 
         Total number of all fields  
  

Statistical analysis: For the statistical analysis Mann-
Whitney U and Wilcoxon Rank sum tests were applied. 

 

Results 
 

In situ hybridization(ISH) for mRNA in trephine 
biopsies: The total message (mRNA) was present in 12 
controls, 7 pre-treated and 26 post-treated biopsy 
sections in the form of red coloration (figures 1,2 & 3). 
The majority of these biopsies were decalcified in formic 
acid. Therefore, these tissue sections were used for the 
detection of interleukin-2.The total message (mRNA) 
was absent in 3 pre-treated, 9 post-treated and 18 
control biopsies. 

 
ISH for the detection of IL-2 in bone marrow trephine 
biopsies: The results are detailed in figures 
,4,5,6,7,8and 9). Figure 4 describes the variation CD3 
positive lymphocytes (per square centimeter of the 
biopsy) among control, pre-treated AA and post-treated 
AA groups. It shows that CD3 positive lymphocytes 
were greater in the pre-treated AA group and after 
treatment they decreased, but greater than the control 
groups. These groups are not significantly statistically 

different from each other. Figure 5 depicts that the 
number of CD4 positive lymphocytes are less in the pre-
treated AA group and no significant statistical difference 
was found between these groups. The data of CD3 and 
CD4 positive lymphocytes subpopulations from our 
previous study1 had been used again in this section in a 
different way because it was necessary to relate the IL-2 
positive lymphocytes to the number of CD3 and CD4 
positive lymphocytes to establish whether the 
accumulation of lymphocytes in the marrow was IL-2 
stimulated or not. 

Figure 6 gives an impression that IL-2 positive 
cells are decreased in the pre-treated AA group as 
compared to the control and post-treated AA groups. 
Again, these groups are not significantly statistically 
different from each other.  

Figure 7 describes the IL-2 positive lymphocytes 
expressed as a proportion Of CD3 positive cells among 
the control pre-treated and post-treated AA groups .It 
shows that the proportion of IL-2 positive lymphocytes is 
decreased in the pre-treated AA group and on statistical 
analysis, a significant difference was found (p <0.002) 
from the control group. Whereas no significant statistical 
difference was found between pre-treated AA and post-
treated AA groups and post-treated AA vs. control 
groups. Figures 8 & 9 show bone marrow biopsy 
sections showing in situ hybridization using a 
biotinlabeled cDNA probe to IL-2 in a control and post-
treated patients.  

Double layered streptavidin–biotinylated system 
is used for the detection and red coloration in the 
cytoplasm of IL-2 positive lymphocytes is noted. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Bone marrow trephine section of a control 
marrow reacted by in situ hybridization (ISH) for 
total mRNA. X 300 ISH with   red product using 

alkaline phosphatase labeled disclosing system.    
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Figure 2. Photomirograph showing ISH using an 
oligonucleotide probe  labeled against total mRNA 
in a pre-treated aplastic anaemia biopsy. Note that 

mRNA signal (red coloration) is present in the 
cytoplasm of cells. X 1000. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Bone  marrow trephine section of post – 
treated AA group  showing ISH using an 

oligonucleotideprobe labeled against  total mRNA. 
Note the mRNA signal (red coloration) is present in 

the cytoplasm of cells. X 1000. 
 
 

 
 
 
 
 
 
 
 

Figure 4 . Number of CD3 +ve lymphocytes/cm2 of 
the biopsies in each of  the three study groups. 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. Number of CD4+ve lymphocytes/cm2 of 
the biopsies in each of the three study groups. 

 
 
 
 
 
 
 
 
 
 

Figure 6. Number of IL-2+ve lymphocytes/cm2 of the 
biopsies in each of the three study groups. 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. IL-2+ve cells expressed as a proportion of 
CD3+ve   lymphocytes in different groups. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Bone Marrow biopsy section showing in 
situ hybridization using a biotin labeled cDNA probe 
to IL-2  in a control patient and detected with double 

layered streptavidin –   biotinylated alkaline 
phosphatase . Strong  red staining can be seen in 

the cytoplasm of some cells.x 1000. 
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Figure 9. Photomicrograph showing an in situ 
hybridization using a  biotin labeled cDNA probe to 

IL-2 in a post-treatment biopsy. double layered 
streptavidin- biotinylated system is used for   the 

detection. Note the red colouration in the cytoplasm 
of  IL-2+ve lymphocytes. x 1000.   

 

Discussion 
 
ISH for the detection of total messenger RNA is 

an effective and sensitive technique. To the best of our 
knowledge, ISH has never been applied before to 
sections of formalin fixed, acid decalcified , paraffin 
embedded tissue to find out whether IL-2 is the culprit in 
the pathogenesis of AA or not. Out of 75 biopsy 
sections, 45 showed positive response for the presence 
of mRNA. 

The total message was performed to make sure 
that tissue sections contained sufficient residual mRNA 
to warrant examination for IL-2 mRNA. As the biopsy 
specimens were decalcified in formic acid , this 
experiment shows that acid decalcified biopsies can be 
used for ISH for mRNA. We made an attempt to use IL-
2 antibody by employing immunohistochemistry 
technique on formalin fixed, acid decalcified and paraffin 
embedded trephine biopsies, but it did not work because 
of disturbances to the antigenicity of certain epitopes. 
The strength and, indeed, presence of reaction to such 
epitopes is dependent upon those properties of the 
epitope that minimize the distortion that occurs in a 
structure during processing and the amount of the 
epitope being expressed. A lack of reaction with 
antibody against IL-2 is almost certainly explained on 
this basis.    

It is important to mention that few studies2-4 
have been performed to explore the role of IL-2 in the 
pathogenesis of aplastic anaemia. As a matter of fact 
our study is the first one which has been performed on 
bone marrow trephine biopsies and first to look for IL-2 
mRNA using ISH. Gascon and colleagues2 and Nissen 
and co-workers3 performed their studies on the 
peripheral blood. Gascon et al2 also found increased 

production of IL-2 in 12/17 patients. They suggested that 
lymphokine abnormalities may possibly represent a 
physiologic response to bone marrow depression. Their 
data indicated the possibility of dysregulation of the 
lymphokine network and possibly hypersensitivity of 
aplastic anaemia cells to some biologic regulators. On 
the other hand Nissen et al3 found high IL-2 release in 
18/34 and abnormally low in 10/34 patients. They 
suggested that probably high IL-2 release may not 
cause aplastic anaemia. Surez et al4 also revealed that 
IL-2 production by PHA-stimulated mononuclear cells 
was significantly increased in patients with severe 
aplastic anaemia. 

In contrast to the above studies, our data 
showed that the number of IL-2 positive cells is small in 
the pre-treated groups when compared with both the 
controls and post-treated patients. When the number of 
IL-2 positive cells is related to the number of CD3+ve T-
lymphocytes, this observation is strengthened . A 
significant statistical difference was found (p<0.002) 
between pre-treated and control groups. This 
observation indicates that in aplastic anaemia the 
accumulation of lymphocytes is probably not IL-2 
mediated. The decrease proportion of IL-2 cells may be 
related to the decreased numbers of T-helpers 
cells(CD4+ve lymphocytes) in the pre-treated AA group.    

Apart from IL-2 the role of IL-1, gamma-
interferon, tumour necrosis factor alpha and tumour 
necrosis factor-related apoptosis  inducing ligand 
(TRAIL) are also implicated in the pathogenesis of 
aplastic anaenmia. 5-11,17,20 On the other hand, Torok-
Storb and colleagues18 and Hanada et al19 denied the 
role of gamma-interferon in the pathogenesis of aplastic 
anaemia. 

In conclusion, our study indicates that the 
accumulation of lymphocytes in the bone marrow is not 
IL-2 stimulated .As lymphocyte accumulation by division 
is typically mediated by IL-2, this would add to the 
accumulating data that the bone marrow lymphocytes 
have not originated within marrow. It further weights the 
argument that lymphocytes have migrated into the 
marrow from outside .This study further supports the 
“two population” hypothesis in that our suggestion of a 
local marrow derived lymphocyte pool in normal and 
post-treated AA marrow is supported by there being IL-2 
+ve lymphocytes in these two groups.       
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