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ABSTRACT 
 

Glucocorticoid (GC) resistance has been demonstrated in nearly 30% of primary immune 
thrombocytopenia (ITP) patients even managed with high dosages GC. The biological effects of 
GC are mainly mediated through activation of glucocorticoid receptors (GR). An insight into the 
molecular mechanisms underlying GC resistance is important to avoid GC treatment in patients 
contraindicated from steroid use. We aimed at determining glucocorticoid receptor (GR) isoforms 
expression in adult ITP and its relation to glucocorticoid resistance. Thirty three ITP patients from 
the Hematology unit, Alexandria Main University Hospital were the subject of the study. They were 
subdivided into two groups (sensitive and resistant) according to their response to 4 weeks GC 
treatment. 15 healthy volunteers of matched age were also included. Glucocorticoid Receptor α, β, 
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γ and p gene expression were measured in cases and controls by real time Polymerase Chain 
Reaction. The mean age value in GC sensitive, GC resistant and control group was 33.4±11.6, 
38.1±12.3 and 31.7±5.8 years respectively. Statistically significant difference between GR alpha 
mRNA isoform and GRα/ GRβ ratio was detected between GC resistant and GC responsive group 
while GRβ, GRγ and GRβ were insignificantly differed between groups. From this study, we 
concluded that study of GRα and GRα/ GRβ ratio is recommended early in ITP to avoid 
unnecessary glucocorticoid side effects.  
 

 
Keywords: Glucocorticoid receptor; thrombocytopenia; glucocorticoid resistance. 
 
1. INTRODUCTION 
 
Immune thrombocytopenia (ITP) is an acquired 
immune mediated disorder characterized by 
isolated thrombocytopenia, less than 100 x 109/L 
in the absence of any obvious initiating and/or 
underlying cause of the thrombocytopenia [1]. 
Clinical features range from no symptoms or 
minimal bruising to serious bleeding which may 
include gastrointestinal hemorrhage, or 
intracranial hemorrhage [1]. 
 
Platelet counts less than 30 x 109/L threshold 
have been suggested as a cutoff for considering 
treatment of ITP. Glucocorticoids (GCs) are a 
mainstay and the most effective treatment for ITP 
patients. Approximately 75% of patients initially 
respond to corticosteroids, although tapering 
usually precipitates relapse. Only 10%-15% of 
patients are able to maintain a safe platelet count 
after steroid discontinuation. Use of high-dose 
corticosteroids early in the treatment course was 
suggested by some studies to induce more 
durable remissions [1,2].  
 
GC resistance has been demonstrated in nearly 
30% of ITP patients even managed with high 
dosages GC. Considering the wide range of side 
effects of GC, it is important to avoid GC 
treatment in those patients who will not benefit 
from its use. The biological effects of GC are 
mainly mediated through the activation of 
glucocorticoid receptors (GR). Binding of GC–GR 
complex to DNA [3] leads to a reduction of the 
cellular pool of transcription factors, such as 
nuclear factor κB and activator protein-1, as well 
as the decreased expression of genes 
contributing to the autoreactivity of T and B cells 
[3,4]. 
 
Different GR isoforms have been identified—
GRα, GRβ, GRγ, GRp, GRA, and GRB—of 
which GRα is thought to be the primary mediator 
of GC action. However, GRβ behaves as an 
inhibitor of GRα activity. The imbalance of GRα, 
GRβ, or GRα/GRβ ratio was found to be related 

to GC resistance in several diseases. GRA and 
GRB have not yet been candidates for 
investigations. It is still unknown whether GC 
resistance in ITP patients is associated with GR 
isoforms expression [3]. So we aimed at testing 
the expression of GR isoforms (GRα, GRβ, GRγ 
and GRp) in adult ITP and its contribution to the 
differential GC resistance.  
 
2. METHODOLOGY 
 
Thirty three ITP patients and 15 age matched 
healthy volunteers were investigated. Enrollment 
took place from the Hematology unit, Alexandria 
Main University Hospital between April 2014 and 
June 2015. All the patients met the diagnostic 
criteria for ITP [5]. According to GC response, 
they were further categorized into GC-sensitive 
(GCS) and GC-resistant (GCR) groups. GC 
sensitivity was defined based on the platelet 
count after taking prednisone 1 mg/kg/day for 4 
weeks.  Patients were considered GCS if platelet 
more than 30×109/L and resistant if platelet less 
than 30×109/L. Pregnancy, chronic infections 
especially HCV and H. pylori  or connective 
tissue diseases, such as systemic lupus 
erythromatosus as well as splenectomized 
patients were all excluded. There was no history 
of glucocorticoid or immunosuppressive use by 
any of the patients or healthy volunteers at least 
2 weeks prior to the study.  
 
Glucocorticoid Receptor α, β, γ and p gene 
expression were measured in cases and controls 
by real time Polymerase Chain Reaction (PCR) 
(QIAamp® RNA blood mini kit (cat no. 52304) [6]. 
Informed written consent was obtained from all 
patients and the study was approved by the 
Medical Ethical Committee. 
 
2.1 Statistical Analysis  
 
Data were analyzed using IBM SPSS 20. 
Qualitative data were displayed in percentages 
and tested by Pearson's Chi Square. Parametric 
data were displayed in the form of mean ± SD. t-
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test was used for comparing means for 2 groups 
and F-test for more than 2 groups. Non-
parametric data were displayed in the form of 
median value and range. Mann-Whitney U (Z) 
was used for comparing median value for two 
groups and kruskall-Wallis (KWX2) for more than 
two groups. Spearman bivariate correlation was 
used for analyzing correlation between GR 
isoforms. P<0.05 indicated statistical 
significance. 
 

3. RESULTS 
   
Table 1 shows age and sex of the studied ITP 
patients and controls.  
 
Table 2 shows GR isoforms expressions in the 
studied ITP patients versus the controls. Non 
statistically significant difference was present 
when GRα, β, γ, p and GRα/GR β ratio were 
compared between males and females of the 
control group (z=0.81, 1.332, 1.389, 1.504 and 
0.694 respectively at p=0.463, 0.189, 0.189, 
0.152 and 0.536 respectively). Statistically 
significant difference in GRβ, γ and GRα/GR β 
ratio was present between ITP cases and 
controls (p<0.0001*, 0.03* and 0.01* 
respectively). 
 

Table 3 shows comparison between GR α, β, γ, 
p and GRα/GR β ratio in GC responsive (19 

patients) versus GC resistant cases (14 
patients). The mean age value of GCS, GCR and 
control group was 33.4±11.6, 38.1±12.3 and 
31.7±5.8 years respectively (F=1.496, p=0.235). 
Half of our female patients (n=14) were GC 
resistant while all the males (n=5) were GC 
sensitive. Statistically significant difference in 
GRα and GRα/GR β ratio only was present 
between GR sensitive and GR resistant cases 
(p=0.038* and 0.046* respectively). 
 
GRα showed a wide median difference between 
GCS and GCR patients. The GC resistant group 
had a lower GRα expression level even lower 
than that of the controls. GRα/β ratio was 
statistically significantly higher in GCS than GCR 
group. GRβ isoform expression was more than 
GR p and GR γ in the controls but was minimally 
expressed in our ITP patients. Higher GRβ levels 
were observed in the resistant than the sensitive 
group. There was a tendency for increased GRγ 
in the GCR group compared to the GCS group 
with ITP.  
 
Table 4 shows the correlation between GR α and 
other GR isoforms in ITP patients. There was 
non-statistically significant correlation between 
GR α and age (r=-0.302, p= 0.087). GRα had a 
strong inverse correlation with GRβ and a 
significant direct correlation with GRγ and p. 

 
Table 1. Personal characteristics of the studied ITP patients and controls 

  
Personal characteristics Cases (n=33) Controls (n=15) Test of significance (p value) 
Age (years) 
Mean ± SD 

 
35.4±11.9 

 
31.7±5.8 

t=1.426 
P=0.161 

Gender (No., %) 
Male 
Female 

 
5 (15.2%) 
28 (84.8%) 

 
7 (46.7%) 
8 (53.3%) 

 
X2=5.463 
P=0.019* 

X2: Chi-Square test, t: t-test, *significant at P≤0.05 
 

Table 2. Expression of GR isoforms among the studied ITP patients and controls 
 
GR isoforms Cases (n=33) Controls (n=15) Test of significance 

(p value) 
GRα 
Median (Q1-Q3) 

19.6 (2.1-294.5) 7.1 (2.9-8.1) Z=1.246 
P=0.213 

GR β 
Median (Q1-Q3) 

0.003 (0.002-0.02) 3.9(0.97-5.1) Z=4.783 
P<0.0001* 

GR γ 
Median (Q1-Q3) 

0.3 (0.01-8.4) 0.01(0.003-0.02) Z=2.959 
P=0.003* 

GR p 
Median (Q1-Q3) 

0.2(0.01-21.5) 0.4 (0.1-0.8) Z=0.389 
P=0.697 

GR α/GR β ratio 
Median (Q1-Q3) 

3492.8 (7.4-109152.6) 1.4 (0.9-2.8) Z=3.37 
P=0.001* 

Z: Mann Whitney test, *significant at P≤0.05 
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Fig. 1 shows ROC curve of different GR isoforms 
in predicting GC resistance in ITP. GRα/β ratio 
had the highest sensitivity (81.8%) and is the 
most accurate predictor of GC resistance 

(79.2%). GRγ had the highest specificity (86.7%). 
GRβ had the lowest sensitivity (9.1%) and the 
lowest specificity (26.7%). 

 
Table 3. Expression of GR isoforms among the studied ITP patients 

  
GR isoform                            Cases (n=33) Test of significance 

(p value) Sensitive (n=19) Resistant (n=14) 
GR α 
Median (Q1-Q3) 

191.3 (5.3-689.8) 3.9 (1.7-101.1) Z=2.058 
P=0.038* 

GR β 
Median (Q1-Q3) 

0.003 (0.001-0.006) 0.006 (0.002-0.1) Z=1.785 
P=0.077 

GR γ 
Median (Q1-Q3) 

1.4 (0.1-13.5) 0.03 (0.003-2.2) Z=1.931 
P=0.055 

GR p 
Median (Q1-Q3) 

0.5 (0.1-34.3) 0.02 (0.01-2.3) Z=1.748 
P=0.084 

GR α/GR β ratio 
Median (Q1-Q3) 

35598.2 (866.9-154775.3) 224.5 (0.9-53090) Z=2.003 
P=0.046* 

Z: Mann Whitney test, *significant at P≤0.05 
 

Table 4. Correlation between GR α expression and other GR isoforms among the studied ITP 
patients 

 
Parameter  GR α GR β GR γ GR p 

r P r r r P  r P 
GR α         
GR β -0.479 0.005*        
GR γ 0.771 0.0001* -0.585 0.0001*     
GR P 0.552 0.001* -0.331 0.06 0.393 0.024*   
GRα/GRβ 
ratio 

0.91 0.0001* -0.739 0.0001* 0.847 0.0001* 0.496 0.003* 

r:  Spearman Rho correlation coefficient, *significant at P≤0.05 
  

 
 

Fig. 1. ROC curve of different GR isoforms in predicting GC resistance in ITP 
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4. DISCUSSION 
  
Glucocorticoid resistance has become a major 
barrier in effectively treating some patients with 
inflammatory conditions. Multiple mechanisms 
including GR isoforms expression contribute to 
glucocorticoid resistance [7]. Definitions of 
steroid resistance vary among papers [8,9]. 
Whether GC resistance in ITP patients is 
associated with GR isoforms expression is still 
unknown [7]?  
 
As regards the influence of age on glucocorticoid 
resistance, we did not find statistically significant 
difference in age between our GCS and GCR 
patients. This may be explained by the 
prevalence of GC resistance in very elderly (>80 
years) individuals while it is somewhat lower in 
adults [10,11].  
 
Concerning the relation between sex and 
glucocorticoid resistance, half of our female 
patients (n=14) were GC resistant while all the 
males (n=5) were GC sensitive. ITP is five times 
more common in females than males in our study 
and 2 to 3 times more common in females than 
males in other studies [12]. Baseline serum and 
salivary cortisol concentrations was similar in 
men and women [10]. No difference in GRα / 
GRβ ratios was found when comparing men and 
women in one report [13].  
 
We used real time PCR assay for determination 
of GR α, β, γ and p mRNA expression because it 
is a rapid and accurate method for relative 
quantification of gene expression level. This 
method is also simple and independent of 
standard curve construction or validation 
experiments [13]. 
 
GRα is expressed in most human tissues and 
cell line. It functions as ligand-dependent 
transcription factors [14]. There is a wide 
variability in median value of GRα between our 
GCS and GCR patients. GRα expression level 
was lower in the GCR group when compared 
with GCS group which was consistent with 
several studies [3,13]. Its lower level than 
controls may indicate that GRα is the primary 
mediator of GC action [3]. Certain 
proinflammatory cytokines may block the 
activated GRα [15] or block GRα binding affinity 
for glucocorticoids leading to low GRα 
expression [16]. 
 
An alternative isoform is GRβ. It is poorly 
expressed in human beings accounting for about 

0.1% of GR [17].  GRβ is located in the nucleus 
in the absence of ligand and fails to bind 
hormone or activate gene transcription [17]. GRβ 
isoform expression was low in our ITP patients. 
Low GRβ expression has been also 
demonstrated in various diseases [18,19]. 
 
There was a non-statistically significant 
difference in GRβ expression between GGS and 
GCR group with higher levels observed in the 
resistant group. Some studies reported increased 
expression of GRβ isoform in inflammatory 
conditions and following exposure to interleukin 
(IL)-4, IL-2, IFN-γ and TNF-α [20-22]. However, 
other investigators have not observed any 
correlation between GRβ expression and 
glucocorticoid insensitivity [23]. 
 
The functional role of the GRβ is somewhat 
controversial owing to its very low expression 
levels compared with GRα in primary cells.  GRβ 
may be able to modulate transcription by 
blocking GRα or even independent of GRα. 
Furthermore, the effect of GRβ on the 
complement of genes normally repressed by 
glucocorticoids is not well studied [24]. 
 
The ratio of GRα/GRβ expression is critical to the 
glucocorticoid responsiveness of various cells. 
Higher ratios correlate with glucocorticoid 
sensitivity, while lower ratios correlate with 
glucocorticoid resistance. GRα/β ratio was 
significantly higher in patients than in controls, 
being statistically significantly higher in GCS than 
GCR group. A study on T cell lymphoblastic 
leukemia reported the same [25].  
 
This ratio can be altered by change in the 
expression level of GRα, GRβ, or both receptors 
simultaneously. The overexpression of GRβ in 
inflammatory diseases is suggested to be a 
consequence of the inflammation. There is 
considerable interindividual variability in GRα 
and GRβ mRNAs expression in the young 
healthy population as there is absence of acute 
or chronic diseases that drive inflammation and 
activate selective inflammatory cells [13]. 
 
GRγ and GRp isoforms expression was 4−8% 
and around 29% of total GR respectively in 
various tissues [18]. GRγ exhibits only about half 
of the transcriptional activity of GRα [18]. GRp 
was suggested by several studies to increase the 
activity of GRα in hematologic malignancies [3]. 
 
Expression of GRp and GR γ isoforms showed 
non-statistically significant difference between 
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our GCS and GCR group. We found a trend for 
increased GRγ in the GCR group compared to 
the GCS group. There are few data regarding 
GRγ and GRp isoforms expression and its 
correlation with GC resistance in ITP patients 
[18]. Similar result to ours was reported by 
Liangliang [3]. Beger and co-workers [26] found 
upregulation of GRγ mRNA in prednisone-poor 
responders than in prednisone-good responders 
after in vitro stimulation with dexamethasone. 
 
As regard the correlation between GRα isoform 
and other studied isoforms in our patients.  GRα 
had a strong inverse correlation with GRβ which 
may be explained by a dominant negative 
inhibitor effect of GRβ on GRα transcriptional 
regulation [17]. Other studies however do not 
support this finding [27,28]. There was a 
significant direct correlation between GRα with 
GR γ and p.  
 
Among all studied parameters, GRα/β ratio had 
the highest sensitivity (81.8%) and is the most 
accurate predictor of GC resistance (79.2%). 
GRγ had the highest specificity (86.7%). GRβ 
had the lowest sensitivity (9.1%) and the lowest 
specificity (26.7%). There is significant direct 
correlation between GRα and GRα/β ratio in ITP 
cases. 
 
5. CONCLUSION 
 
The study of glucocorticoid receptor isoforms 
especially GRα and GRα/GRβ ratio may be of 
value in determining glucocorticoid resistance 
before starting therapy especially in those 
contraindicated from steroid use.  
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