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Abstract

Asthma is a chronic inflammatory disease affecting 5% of the world population.
FKBP51 is an important immunophilin modular protein of the glucocorticoid
receptor (GC).
The aim of the present study was to evaluate the levels and immunocytochemical
distribution of FKBP51 and GR in lymphocyte cells of asthmatic patients, by use of
immunocytochemistry method, and to assesslevels ofstress hormones (cortisol and
ACTH) by radioimmuniassay (RIA).
The results showed significantly increased nuclear localization and
decreasedcytoplasmic distribution of FKBP51, while they showed a significant
increase in nuclear localization and a non-significant decrease in cytoplasmic
distribution of GRin asthmatic patients(P<0.05).
Cortisol and ACTH levels were also measured and showedinsignificant
increases(P<0.05)in steroid treated (338.85 £139.5 mMol/L, 35.05+3.77 ng/ml,
respectively)and non steroid treated asthmatics(280.5 + 74.6 mMol/L, 32.0+6.43
ng/ml, respectively)as compared with the control group (234.33+29.13 mMol/L,
29.0+7.02 ng/ml, respectively).
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Introduction

Asthma could be defined as a chronic airway inflammation which is often associated with
eosinophilic, TH2-mediated immunopathology. The 2018 Global Initiative for Asthma (GINA)
guidelines categorize asthma severity as intermittent, persist mild, persist moderate, and persist severe.
Severity is assessed retrospectively from the level of treatment required to control symptoms and
exacerbations[1]

Glucocorticoid receptor (GR) belongs to the nuclear receptor superfamily and is present in the
cytoplasm as a part of a heterocomplex with Hsp90dimer, p23 and the high molecular weight
immunophilins (IMMs), FKBP51 or FKBP52. At the molecular level, glucocorticoid effects depend
on the binding of the hormone to the GR in the cytoplasm and their translocation to the nucleus where
they interact with glucocorticoid responsive elements (GRE) of different genes and inhibit the
transcription of pro-inflammatory genes.

FKBP51 (FK506-binding protein 51) is a member of the immunophilin family of proteins. It is an
important regulator of immunity, steroidal physiology, and basic cellular processes of protein folding
and trafficking [2].

In humans, evidence for FKBP51-mediated GC resistance has been found. High levels of FKBP51
correlate with resistance to GC therapies for asthma[3] and chronic obstructive pulmonary disease,
while diagnostic assays are being developed using FKBP51 as a marker of GC sensitivity[4]
Adrenocorticotropic hormone (ACTH), or corticotropin, is a 39 amino acid peptide hormone produced
by cells of the anterior pituitary gland and carried by the peripheral circulation to its effector organ
(the adrenal cortex) where it stimulates the synthesis and secretion
of glucocorticoids, mineralocorticoids and adrenal androgens [5] .

ACTH is secreted in response to corticotropin-releasing hormone (CRH). ACTH levels, similar to
cortisol, vary in an endogenous circadian rhythm, reaching a peak in the morning (about 8 AM) and
declining throughout the day. The synchrony between ACTH and cortisol secretion is maintained by
glucocorticoids signaling in a negative feedback manner (the anterior pituitary to inhibit further ACTH
secretion), which prevents a chronic rise in glucocorticoid levels [6]. Cortisol is a naturally
occurring pregnane corticosteroid and is also known as 118,17a,21-trihydroxypregn-4-ene-3,20-dione.
It is asteroid hormone from the glucocorticoid class of hormones produced in humans from
cholesterol in the zona fasciculata of the adrenal cortex (The name cortisol is derived from adrenal
cortex). It is released in response to low blood-glucose concentration and physical and emotional
stress [7]. The synthesis of cortisol in the adrenal gland is stimulated by the anterior lobe of
the pituitary gland with ACTH. Glucocorticoids (GC) belong to the steroid family and are synthesized
by enzymatic processing of cholesterol, mainly in the adrenal glands as well as in keratinocytes and
intestinal epithelial cells [8].

Material and methods

This case control study recruited asthma patients (n=75) aged 18-75 years and healthy control
(n=30). The diagnosis of asthma was established using the American Thoracic Society (ATS) doctor’s
diagnosis and evidence of variable airflow obstruction. Patients were recruited from the out-patient
clinic at the Department of Respiratory Diseases, AL —Imamain Al-Kadhumain Teaching Hospital in
Baghdad. They were prescribed with a maintenance inhaled corticosteroid treatment and remained
uncontrolled with an Asthma Control Test (ACT) <16 [9].

Blood samples

Venous blood samples were collected in EDTA anti-coagulated tubes and used for lymphocyte
separation according to the Isopaque-ficoll technique originally described by Boyum in 1968 [10, 11].
The separated lymphocytes were mounted on precoated positively charged slides. Percentage of
peripheral blood lymphocytes (PBLs) reactivity was semi quantified by an immunocytochemical
method andFKBP51(antibodies-online GmbH /Aachen Germany) and GR (biorbyte LLC./UK)were
tested by the immunoperoxidase staining method [12] using the super sensitive IHC detection staining
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system kit (biorbyte LLC./UK). Slides were examined under 400X-magnification power of light
microscope (ZEISS). The dark brown staining identified positive labeled cells (see Figures-1, 2).

Hormone assay: ACTH and cortisol hormones were measured by radioimmuniassay (RIA) method
by using Beckman coulter RIA kits, USA.
Statistical analysis

The percentage of the expressionfor each of the tested markers on lymphocytes were calculated by
a simple calibration of the percentage of reactivity as in the following formulas: Percentage of nuclear
expression= (No. of positive nuclear cells/ total No. of cells) x100%, and Percentage of cytoplasmic
expression= (No. of positive cytoplasmic cells/ total No. of cells) x100%.

Statistical differences were analyzed using Independent sample-test. P-values <0.01 were
considered statistically significant. Simple linear regression was used to assess the relationship
between studied variables.

Results

Nuclear expression of GR in lymphocytes showed a highly significant increase in asthmatic groups
compared with the control group, and the expression was insignificantly higher in steroid treated
patients than that in steroid free patients(Figure -3).

Immunocytochemical distribution results of GR and FKBP51 are illustrated in Table-1.

GR cytoplasmic expression in lymphocyte showed a highly significant decrease in asthmatic
patients in comparison with the control subjects, but there were no significant differences among
patient groups (Figure- 4).

Table 1- Glucocorticoid receptor and FKBP51 immunocytochemical expression in lymphocytes.

Patients
Controls Cs Cs free
Mean+ SE Mean+ SE
GR cytoplasmic 57+3 1643 1445
GR nuclear 15.8+1.15 32.58+1.8 29.14+2.76
FKBP51 cytoplasmic 19+4 20+3 25+6
FKBP51 nuclear 38+3 553 52+5
—
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Figure 2- Positive GR nuclear distribution.
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Figure 3-Differences in percentages of GR cytoplasmic distribution among the studied groups”.
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Figure 4- Glucocorticoid receptor nuclear distribution percentage in lymphocytes.
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Immunocytochemical FKBP51 expression in lymphocytes
Nuclear FKBP51 localization in lymphocytes was significantly increased in steroid treated asthmatics
and highly significantly increased in steroid free asthmatics when compared with the control (Figure-

5).
FKBP51 expression in lymphocyte cytoplasm demonstrated no significant differences between patient

groups and controls (Figure-6).
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Figure 5- FKBP51 nuclear expression in lymphocytes.
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Figure 6- FKBP51 cytoplasmic expression in lymphocytes.

Hormones

CortisolandAdrenocorticotropic hormone
The mean cortisol concentrations in steroid treated patients, steroid free patients and control subjects

were 338.85+139.5mMol/L, 280.5 £ 74.6 mMol/L and 234.33+29.13mMol/L, respectively, as

clarified in Table-2.
Cortisol hormone results demonstrated no significant differences between the studied groups (Figure-

7).

Table 2- Mean + SE concentrations of cortisol and ACTH hormones in patients and control groups.
Patients
Hormones Controls
Cs Cs free
Cortisol (mMol/L) 234.33+29.13 338.85+139.5 280.5+74.6
ACTH (ng/ml) 29.0£7.02 35.05+3.77 32.0+6.43
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Figure 7-Mean £SE cortisol in the studied groups.

The mean of ACTH concentrations in steroid treated patients, steroid free patients and control
subjects were 29.0+7.02 ng/ml, 35.05+3.77 ng/ml and 32.0+£6.43 ng/ml, respectively (Table-2).

ACTH hormone results demonstrated no significant differences between the studied groups
(Figure-8).

0.677
& r 1
% 0.937 0.945
r 1) 1
40
Tl e
£
2 304
E 204
Q
g
10+
o.
« & ¢~‘°\
& P
Study groups

Figure 8-Mean £SE concentrations of ACTH in the studied groups.

Discussion

GR immunocytochemical analysis showed increased nuclear localization and decreased
cytoplasmic subcellular localization in lymphocytes of asthmatic patients when compared with the
control, while no significant differences were observed between the patients groups.

Glucocorticoids (steroids) were the best therapeutic drug used for treatment of inflammatory and
allergic diseases, including asthma. GCs bind to cytoplasmic receptors and translocate to the nucleus,
where they bind to glucocorticoid response element (GRE) in the promoter of glucocorticoid sensitive
genes [13]. This leads to recruitment and activation of transcription co-activator molecules such as
cyclic adenosine monophosphate binding protein (CBP) and steroid receptor coactivator 1 (SRC-1).
These molecules have intrinsic histone acetylase activities (HAT) that result in acetylation of specific
lysine residues on the core histone protein. As a result, a series of events take place such as chromatin
remodeling, local unwinding of DNA, recruitment of RNA polymerase II, and transcription of anti-
inflammatory genes such as secretory leukoprotease inhibitor (SLPI), B2 adrenergic receptor, and
CD163.
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The GR expression was reported to be the same in healthy and patients, but after stimulation it was
found that GR nuclear translocation was lower in severe asthma as compared with non severe asthma
and healthy volunteers[14], which agrees with our results of lower nuclear translocation in
uncontrolled asthma .

The non steroid treated patients were also shown significantly increased nuclear translocation as
compared to healthy donors, because that B2 agonist bronchodilator stimulated GR via ligand
independent activation pathway, leading to C/EBP-a complex formation which amplifies the response
[15].This was consistent with our results and those of other studies [16]which showed that GR nuclear
translocation was decreased in asthma patients with poor steroid response.

FKBP51 co-chaperone is found in complex with HSP90 protein dynein, forming the multiunit GR.
FKBP51 overexpression is induced by high concentrations of glucocorticoids as a negative feedback
to downregulate the their harmful effects. FKBP51 was shown to be released from GRa and substituted
with FKBP52upon binding to its ligand, and then GRa translocates to the nucleus [17], while Tajiri et
al. reported that FKBP51 mediates nuclear translocation of GRa and GRp without ligand binding[18].
In the present study, we found an increment in FKBP51 nuclear localization, associated with an
uncontrolled status that might be related to GRp which requires FKBP51 for nuclear translocation.
This explains the increased nuclear GR localization with increased nuclear FKBP51 in lymphocytes
and the reduced GC binding affinity and responsiveness to steroid treatment [19, 20]

Also, non-steroid treated asthmatics including untreated patients and those treated with B2 agonist
bronchodilator and leukotrienes modifiers (Monteleukast), were reported to have high levels of
inflammatory cytokines and chemokines due to elevated levels of the transcription factor NF-xB that
induces the inflammatory genes[21, 22].

The activation of NF-kB is induced by proinflammatory cytokines such as ITNFa and IL-1f [23].
FKBP51 was suggested to activate IkK which phosphorylates IxkB and induces its split by proteosomal
degradation. As a consequence, NF-kB translocates to the nucleus and activates inflammatory genes.
Zannas and his associates revealed the role of FKBP51 in immune related diseases like rheumatoid
arthritis, COPD and asthma, which is associated with NF-kB dependent FKBP51 activation [24].The
FKBP51- IxkK complex was shown to be increased in inflammations, based on the following steps: 1)
Increase of the phosphorylation of Ix B; 2) Dislocation of Ix B by ubiquitination and proteosomal
degradation; 3) NF-kB (p50/p65) translocation to the nucleus; 4) Stimulation of the transcription of
inflammatory genes, increasing the inflammation, induction of the immune response and autophagy
and reduction of the apoptosis [25].

HPA axis functions normally in asthma patients, while it may be activated with a rise in cortisol level
corresponding to the degree of stress [26], which was higher in poor-controlled than controlled
patients.

The non significant increase in cortisol level in patients was consistent with the results of Adcock
and Mumby [27]who found that inhaled steroid causes non significant reduction in cortisol level. They
also reported that high doses of inhaled corticosteroids (Budesonide dipropionate) were effective for
asthma management but did suppress cortisol secretion.
Inhaled corticosteroids (ICs) form the gold standard first line therapy in effective management of
persist asthma and reduction of morbidity and mortality.

Most well-known side effects of high doses of CS is suppression of Hypothalamus —Pituitary —
Adrenal axis (HPA) which was indicated by the decrease in serum or urine cortisol. Therefore, cortisol
may be a relevant surrogate marker to identify the potential for adverse effects [28].

Most of HPA dysfunction and adrenal suppression are associated with oral corticosteroid OCS

reach up to 80% [29] and less degree caused by ICS use about less than 40% depending on
bioavailability related to dose, delivery device, particle size and lung versus upper airway
deposition[30]
The decreased ACTH level in steroid-treated asthmatics results were in agreement with the results
reported by Rebeccat and associates who showed that ACTH level was decreased due to the steroid
treatment-associated negative feedback that inhibited the HPA axis (CRH, ACTH, and Cortisol), in
addition to the long term treatment that causes secondary adrenal Insufficiency [31].

Oral or high doses of inhaled corticosteroids block the release of CRH and ACTH and then lower
cortisol level. This Insufficiency continued even after treatment cessation for more than one year, with
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no significant difference between non steroid treated patients and the control subjects, while the
results were within the reference range [32].

However, Zollner found that HPA suppression could be reversed by reducing the steroid levels and
modified by adding other asthmatic treatments (LABA), and that the patients’improvement time was
correlated with ACT [33].
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