Nocturnal asthma is associated with
reduced glucocorticoid receptor binding
affinity and decreased steroid
responsiveness at night
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Background: The mechanisms for heightened nocturnal
inflammation in patients with nocturnal asthma (NA) are not
well understood.

Objective: We sought to determine the glucocorticoid receptor
(GR) characteristics and steroid responsiveness in subjects
with NA.

Methods: Eleven subjects with NA, 12 subjects with nonnoc-
turnal asthma (NNA), and 16 nonasthmatic control subjects
underwent blood sampling at 4°m and 4 Am in a random

order separated by 1 week. GR binding affinity was measured
in PBMCs by using a PH]-dexamethasone (DX) radioligand
binding assay and Scatchard analysis. The capacity of hydro-
cortisone (HC) and DX to suppress proliferation of PBMCs
stimulated with PHA was also determined.

Results: The subjects with NA exhibited a significantly lower
GR binding affinity at 4 am, detected by an elevated dissocia-
tion constant (Kd) of 22.2 + 1.6 nmol/L compared with Kd at 4
PM (10.9 £ 0.7 nmol/L;P = .0001). The GR Kd of the NNA and
control groups did not change significantly from 4pm to 4 Am.
Within the NA group, there was also a significant inverse corre-
lation between the absolute FEYat 4 av and the Kd at 4am (r
=-0.65,P = .04). PBMCs from subjects with NA exhibited less
suppression of PBMC proliferation with HC and DX at 4Am
compared with that at 4pm (P = .0004 and .03 for HC and DX,
respectively). There were no circadian changes in suppression
of PBMC proliferation in either the NNA or control groups.
Conclusion: GR binding affinity and steroid responsiveness
exhibit a circadian variation in subjects with NA, with a
reduced GR binding affinity and suppression of PBMC prolif-
eration at 4 am that is not observed in normal subjects or asth-
matic subjects without nocturnal exacerbation. These observa-
tions may contribute to nocturnal airway inflammation by
inhibiting the antiinflammatory effects of glucocorticoids. (J
Allergy Clin Immunol 1999;103:66-71.)
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Nocturnal worsening of pulmonary function is a com-
mon and potentially serious complication of asthma
because 70% of deaths from asthma occur during the night-
time hourst We have shown that asthmatic subjects who
experience nocturnal worsening have greater airway
inflammation at 4am than at 4pwm, although primarily in
the distal alveolar tissue and not the proximal airway tis-
sue2:3 The number of neutrophils, eosinophils and lym-
phocytes increases in these patients a#.4 The mecha-
nisms for heightened nocturnal inflammation are not well
understood. Neurohormonal changes, including cortisol
activity and sensitivity to cortisol, are thought to play a role
in controlling endogenous allergic tissue inflammatién.

One of the mechanisms by which cortisol and other
glucocorticoids (GCs) exert their effects is by binding to
the glucocorticoid receptor (GR) and translocating to the
nucleus where they bind to transcription factor—-modulat-
ing GC-responsive genes. Previous studies from our
group on GC-insensitive asthma have demonstrated an
association between GR abnormalities and poor response
to steroids® As a possible mechanism for heightened
nocturnal airway inflammation, we hypothesized that GR
binding affinity would be reduced at night and is associ-
ated with decreased responsiveness to GCs.
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worsening, and 16 normal volunteers were recruited from the gen-
eral Denver community. All asthmatic subjects met diagnostic crite-
ria for asthmd, exhibited a methacholine Bgof less than 8
mg/mL, and were maintained on short-acting inhglgégonist
only. The group with nocturnal symptoms demonstrated a fall in
peak expiratory flow rate (PEFR) of greater than 15% from bedtime
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TABLE I. Subject characteristics

NA NNA Normal control subjects

Sex I9M,2F 6M,6F 7M,9F
Age (y)* 325+6.9 323+11.1 28+6.8
Medications (n) B-agonist (11), B-agonist (12) —

theophylline (1)
4 pm FEV, (%) T 74.9 + 3.6% 84.4 3.7t 97.0 £3.1%
4 av FEV/ (%) 63.3 £ 3.48 85.2+2.78 97.6 +2.98
Overnight fall -21.5+28 52+21%t 6.3 +2.81
Overnight fallindicates FEYV fall from bedtime to 4m.
*Mean + SD.
tMean + SEM.

1P < .0001 when subjects with NA and NNA were compared with the normal control group; subjects with NA and NNA were nottbigtiffexamt, P > .05.
8P < .0001, with each group significantly different.
|P < .0001, with each group significantly different.

to morning on at least 4 nights over a 7-day period of testing. The nonFinally, reproducibility of the assay for GR Kd has been shown pre-
nocturnal asthma (NNA) and nonasthmatic groups experienced aviouslyll When repeated on several asthmatic patients who main-
overnight fall in PEFR of 10% or less. Exclusion criteria included atained similar disease activity, the GR binding affinity was found to
history of cigarette smoking, use of cromolyn sodium, use of inhaledbe highly reproducible, with interclass correlation coefficients of
or oral corticosteroids, an upper respiratory tract infection within the0.95 for GR number and 0.999 for the GR Kd.

previous 6 weeks, immunotherapy within the previous 3 months, . .

and/or other medical illnesses. Informed consent was obtained from aLymphocyte proliferation assay

patients for this institutional review board—approved protocol. Cell proliferation studies were performed ab¥ and 4AMm.
PBMCs were isolated, stimulated with PHAL&/mL) in the pres-
Protocol ence and absence of hydrocortisone (HC) or DX at concentrations

After meeting all inclusion criteria, subjects were scheduled for of 10-5to 10-9 mol/L (Sigma Chemical Co, St Louis, Mo), and plat-
blood sampling. At 4m, 60 mL blood was drawn for the GR assay, ed at 2x 105 cells/200uL/well in 96-well microtiter plates. After
and spirometry was performed before and after inh@eaonist incubation at 37°C and 5% GGQor 3 days, $H]-thymidine (5
(0.18 mg albuterol). For the 1 measurement, subjects arrived at puCi/mL) was then added to each well and incubated for 6 hours.
9:30PMm, spent the night in our NA research center, and were awak-The cells were then harvested onto glass fiber filter plates3kiid [
ened at 4am for blood sampling and spirometry. Thea time thymidine incorporation was measured.
point was chosen because subjects with NA have demonstrated bo Lo .
increased bronchial reactivitgnd airway inflammation that corre-  Statistical analysis

lates with their decrement in overnight lung function at this ime. Overnight fall in FE\ was compared across the groups by using
L ANOVA. 12 Overnight time-response curves for Kd, {g&n), and
GR binding assay steroid dose-response curves for PBMC proliferation at each time

A [3H]-dexamethasone (DX) radioligand binding assay and point were compared for all groups by using a mixed-effects model
Scatchard analysis based on the method of Crabtre@ atdilas with fixed effects for time, group, and the interaction between time
previously described in our laboraté?yl were used to measure @nd group, plus a random subject efféet! When the interaction
GR binding parameters in PBMCs isolated from blood by Ficoll- W&S S|gr1_|f|(;ant, pairwise comparisons of least-squares means were
Hypagque (Pharmacia LKB Biotechnology, Inc, Piscataway, NJ) gra-Made within groups and within times. Rn was log transformed
dient centrifugation. After isolation, the PBMCs were washed angPefore analysis to obtain more normally distributed residuals. All
incubated in RPMI 1640 (Gibco Labs, Grand Island, NY) for 30 tests were 2 sided and conducted at the 5% significance level. Data
minutes. PBMCs were then exposed to increasing concentrations '€ €xpressed as mean + SEM or SD if normally distributed or
[3H]-DX (Amersham Corp, Arlington Heights, Ill) from 0.8 to 400 median with interquartile range if not normally distributed or as a
nmol/L for 60 minutes at 37°C. For measurement of nonsaturablé?€rcentage of positive control. The sample size reflects a power of
binding, a solution of 20 nmol/L3H]-DX and 2umol/L unlabeled 80% to detect a difference of 0.5 log in the steroid concentration
DX was added to the respective tubes. After the latter incubation, 2¢hat produced a 50% reduction in proliferation (IC50) for DX and
uL of supernatant were counted iff apectrometer to measure free HC, With a type | error rate of 5%.

DX concentration. The cell pellet, which measures whole cell DX RESULTS

concentration, was also counted i @pectrometer to determine

the whole cell-associated DX. All values obtained were correctecSubject characteristics and FEV; measure-

for nonsaturable binding for each respective concentration. As prements

viously described, saturation binding analysis was performed,

a;j”g")‘(”g a linear binding plo:] of the bo‘é“d C:j""dzd by thel free The subject characteristics of our 3 groups are shown

e e ol bourd o U560 Table | Al Subjects with NA exhibied a fal i
~__overnight PEFR of greater than 15% in 7 of 7 nights at

A least-squares linear regression fit was used to define both recey . .
tor sites per cell (Rn) and binding affinity (dissociation constant home before the study, and subjects with NNA and con-

[Kd]). To assess dynamics of GR binding affinity, a subset of 4 ran-trol subjects exhibited an overnight fall in PEFR of less

domly selected subjects from our NA group underwent blood samthan 10% in 7 of 7 nights at home before the study.
pling at 4am, with GR binding determined 12 hours later atv Prebronchodilator FEMfell from 3.1 £ 0.2 L at 4™ to
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25 * % The log, of Rn (expressed as number of receptor
" sites/cell) in the NA group was 3.32 + 0.05 atmtand

T 3.60 £ 0.03 at 4m (P =.0006). The variation from @m

T to 4 am did not reach statistical significance in the NNA
15+ and normal groups. The values for the NNA group at 4

GR Kd *T ¥ PM and 4am were 3.55 + 0.05 and 3.56 + 0.11, respec-

(nM) 454 tively (P = .95); the logyRn values in the normal group

were 3.28 £ 0.04 and 3.28 + 0.02 £ .92).

20

Lymphocyte proliferation studies

0 ; . To determine whether the change in GR binding affin-
4pm 4am Apm 4am  dpm 4am ity was functionally important, we examined the ability of
Nocturnal  Non-nocturnal  Normal HC and DX to suppress lymphocyte proliferation of

Asthma Asthma PBMCs from subjects with NA at4 versus 4m. The
suppression of proliferation by HC and DX was signifi-

FIG 1. The Kd from 4 Pm to 4 Am in the NA, NNA, and normal cantly decreased atM1 compared with that at @, but

groups. The higher the Kd, the lower the GR-binding affinity. onIy within the NA groupl{’ = .0004 and .03 for HC and

Open bars represent the Kd at 4 pv, and filled bars represent the DX tivel Fi 2 d3). H h .

Kd at 4 am. *P < .0001 when 4 pm Kd is compared with 4 am Kd , respectively) (Figs 2 and 3). However, no change in

within the NA group; 1P < .0009 when subjects with NA and NNA  Suppression of proliferation with HC or DX was observed

are compared at 4 PM; and $P < .0001 when asthmatic groups are within the NNA and control groups at either time point
compared with control group. (NNA: P = .65 and .53 for HC and DX; control group:

= .93 and .85 for HC and DX) (Figs 2 and 3).

2.7+0.2 L at 4w in the NA groupP = .05). The FEy ~ DISCUSSION

remained stable at these time points in the NNA group In this study we have shown for the first time that
(29+0.2Lt03.1+0.3L) and in the normal group (4.2 PBMC GR binding affinity has a circadian variation in
+0.2Lto4.1+0.7LP > .05). The 4o™m percent pre-  patients with NA, but not in normal subjects or asthmat-
dicted FEV, was significantly lower in the asthmatic ic subjects without nocturnal worsening of lung function.
groups compared with the control grolp<(.0001), but  In addition, subjects with NA exhibited reduced steroid
the asthmatic groups were not significantly different responsiveness at night as illustrated by the reduced abil-
from each otherR > .05). At 4am, the percent predicted ity of either HC or DX to decrease their lymphocyte pro-
FEV, was significantly different among the 3 groups, liferation at night compared with daytime. The concen-
with the subjects with NA exhibiting the lowest percent trations of HC and DX used in these studies are clinical-
predicted FEY at 63.3% * 3.4%K < .0001). ly relevant as physiologic concentrations are’ Hfol/L

e and 108 mol/L, respectively. The GR Kd values of the
GR binding assay NA group increased 2-fold fromr through 4am, indi-

The GR Kd is inversely proportional to the binding cating a significant reduction in the binding affinity of
affinity. Thus the higher the Kd, the lower the GR bind- these receptors to DX, with significantly lower affinity at
ing affinity. There was a significant difference in PBMC 4 am compared with 4wm.

GR affinity at different time points only in the NA group A potential critique is whether these changes in Kd are
(Fig 1). From 4pm to 4 am, the GR Kd increased from biologically important. Previous reports in patients with
10.9 £ 0.7 to 22.2 £ 1.6 nmol/lP(= .0001). In contrast, primary cortisol resistance have found that a decrease in
there were no significant changes in the GR bindingthe 2- to 3-fold range is biologically importa¥tl”
affinity in the NNA and normal groups at these time Chrousos et & report a father and son who, despite hav-
points. The GR Kd values in the NNA group were 16.7 +ing significantly elevated plasma cortisol levels, dis-
1.4 and 18.4 + 1.9 nmol/L ateM and 4awm, respective-  played none of the stigmata of Cushing’s syndrome. In
ly, and the normal group Kd values were 10.7 + 0.7 andaddition, they were “resistant” to adrenal suppression by
10.1 £ 0.7 nmol/L. Interestingly, a significant difference DX. Analysis of these patients’ fibroblast and mononu-
was observed between the GR Kd for both asthmaticclear cell GRs revealed diminished binding GR affinity
groups and normal subjects atMd (P = .0001) (Fig 1). = compared with normal subjects, with a dissociation con-
Reversibility of GR binding affinity over a 12-hour peri- stant (Kd) 2 to 3 times higher than that of control cells.
od is demonstrated in the subset of 4 subjects with NAThe authors noted that the greater the Kd, the greater the
The Kd at 4am was 26 + 4.0 nmol/L and decreased to amount of DX required to diminish their morning corti-

12.3 + 6.0 nmol/L at 4m (P = .02). sol level. The authors concluded that the diminished GR
Within the NA group, there was also a significant binding affinity accounted for the above derangements.
inverse correlation between the absolute FBV4 Am The data provided by this study suggest that GR bind-

and the Kd at 4m, suggesting that the higher the Kd at ing affinity is higher in normal subjects compared with
4 am, the lower the FEY(r = —0.65,P = .04). This rela-  asthmatic subjects at night, which was demonstrated by
tionship was not appreciated aeM (r = 0.1,P = .74). comparing the Kd of both the NA and NNA group with
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FIG 2. Suppression of proliferation by HC at 4 pm and 4 am in NA group (top), NNA group (bottom left), and normal
control subjects (bottom right) is shown. Values are means + SEM.

the Kd of the normal group ats. The Kd also inverse-  determined, but studies have shown increases in IL-1 and
ly correlates with the FE\at 4Am, suggesting that the IL-5 at night compared with the d&§22Although inflam-

higher the Kd, the lower theav FEV; (r = -0.68,P = mation is present in these patients during the day and night,
.04). This relationship was not present during the day,it may be that significant reduction of particular cytokines
when the Kd at 4m did not correlate with the FEMr = that results in the near normalization of GR binding affini-

0.1,P =.74). These observations suggest that the alterety occurs in subjects with NA during the day. Another pos-
binding affinity may be related to lung function at night, sibility is that the cytokine profile of subjects with NA may
but not during the day. be different from that of subjects with NNA during the day,

Decreased GR binding affinity of PBMCs is known to suggesting that they are different from subjects with NNA.
be associated with steroid unresponsiveness. PBMCs frorindeed, reversibility of abnormal GR binding affinity was
subjects with chronic asthma exhibit a spectrum of GRseen in our subjects with NA in 12 hours as compared with
binding abnormalities. These abnormalities are character48 hours in the steroid-insensitive asthmatic subjécts,
ized by poor GR affinity in the majority of patients and are paralleling the change in airway inflammation.
most pronounced in those with poorly controlled asth- Besides reduced GR binding affinity, reduced binding of
mab.10.19The defect in GR affinity associated with steroid the GR to the DNA binding site has been shown in steroid-
unresponsiveness has been shown to be cytokine-induceinsensitive asthmatic subjects by Adcock e#3alhis
restricted to T cells, and detected by measuring PBMC GRreduced DNA binding may be secondary to an abnormal
binding characteristics, as we did in this study. The partic-interaction of the hormone-receptor complex with the tran-
ular cytokines shown to induce GR alterations are the comscription factor activator protein28.Because the abnor-
bination of IL-2 and IL-4, as shown by Kam ef@lhey mality of GR binding is associated with increased inflam-
incubated PBMCs from normal subjects with IL-2 and IL- mation at night in NA, but not with daytime inflammation,
4 for 48 hours. The binding affinity significantly decreased these issues merit consideration as an additional possible
compared with media alone (Kd: 36.1 + 1.63 nmol/L vs 6.7 mechanism of steroid unresponsiveness in our subjects.
+ 0.5 nmol/L) and was shown to be localized to the T-cell The question frequently arises as to whether patients
population. The mechanism by which IL-2 and IL-4 induce with NA simply have more severe asthma. In the subjects
defects in GR binding is currently unknown. with NA recruited for our studies, lung function during

In subjects with NA we have shown that IL-4 is the day is sometimes reduced or in the normal rdfAge.
increased at night, particularly in the lung parenchyma asThe changes appreciated only at night in subjects with NA,
compared with subjects with NN®.The cytokine milieu  such as increased airway inflammation and decreased
during the day and night in NA has not been completelysteroid responsiveness, can be seen in subjects with severe
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FIG 3. Suppression of proliferation by DX at 4 pm and 4 Am in NA group (top), NNA group (bottom left), and normal
control subjects (bottom right) is shown. Values are means + SEM.

asthma. However, these immune alterations are observenight and related, at least in part, to decreased steroid
during the day in this latter gro@@4In addition, Wenzel responsiveness and exacerbations of airway inflammation
et a4 compared airway and parenchymal inflammation induring the nigh&6 Although serum cortisol levels are not
subjects with asthma, as compared with a subset of oudifferent between the subjects with NA, subjects with
subjects with NA, and found an increase in alveolar tissuNNA, and control subjects overnight,the increasing
neutrophils in the group with severe asthma. This was nccortisol seen in all subjects at 7 toa@ may provide
appreciated in the subjects with NA because the eosinoptenough antiinflammatory action to decrease IL-2 and IL-
was the main effector cell. There has also been data to su4 in the subjects with NA and thus improve binding affin-
gest thaf3,-agonists, especially long-acting inhalpst ity. Further study is required to prove this hypothesis.
agonists, exert anti-GC activity by decreasing the action o We conclude that an improved knowledge of GR charac-
endogenous GC&. In this study both NA and NNA teristics may be important in the development of new treat-
groups were maintained on short-acting inhgdeéigo-  ments for NA, as well as in the selection of agents, doses,
nists only and received similar doses in the laboratoryand/or schedules for individual therapies. Further studies are
making this possibility less likely. Thus subjects with NA necessary to determine the cell type involved, concomitant
may have a unique asthmatic inflammatory response. alterations in the lung, and the mechanisms causing this
Recent studies have shown that the magnitude of alleinteresting phenomenon. The results of our current study
gic inflammation responses is modulated by endogenoudemonstrate that GR binding affinity diminishes fromv4
cortisol secretion. Herrscher etfahvestigating the effect to 4w in patients with NA and that the binding affinity at
of endogenous cortisol on IgE-dependent cutaneous reanight is significantly correlated to nighttime lung function.
tions, demonstrated that decreased levels of serum corfThis may contribute to nocturnal airway inflammation by
sol are associated with increased allergic inflammation bblunting the antiinflammatory effects of GCs at night.
affecting the expression of cellular events at late-phas
sites. In this study we demonstrate that the circadian var
ation in GR affinity may also contribute to a reduction in
the effects of endogenously secreted cortisol from day t 1. Hetz_el MR, Clark TJH, Brgithwaite MA. AnaI)./si‘s of sudden deaths and
. . .. ventilatory arrests in hospital. Br Med J 1977;1:808-11.
_nlght' _Reduced GR blndmg affll’]lty atw may_thus 2. Martin RJ, Cicutto LC, Smith HR, Ballard RD, Szefler SJ. Airways
intensify the consequences of the cortisol nadir seen ¢ inflammation in nocturnal asthma. Am Rev Respir Dis 1991;143:351-7.
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