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Background and Objectives. Early treatment response
is a strong predictor for treatment outcome in childhood
acute lymphoblastic leukemia (ALL), treated within the
protocols of the Berlin-Frankfurt-Munster (BFM) study
group. In the ALL-BFM trials, early treatment response is
assessed by in vivo response to glucocorticoids (pred-
nisone response), the molecular background of which is
unknown. Initial in vivo resistance to glucocorticoid (GC)
treatment in childhood ALL (prednisone-poor response) is
associated with a dramatically shorter event-free survival
than that found in GC-sensitive patients (prednisone-good
responders). The intracellular effects of glucocorticoids
are mediated by the glucocorticoid receptor (GR). The
protein expression of the GR has been linked to in vivo
and in vitro GC resistance in various diseases treated with
GC. However, existing data are conflicting.

Design and Methods. We performed a case-control
study for prednisone response to investigate the associ-
ation of in vivo GC resistance and GR protein expression
in childhood ALL. GR expression was assessed using
Western blot technology.

Results. The median relative GR protein expression of
all patients was 0.87. Overall, we did not find different GR
protein expression in PPR and PGR patients. GR protein
expression was 0.91 in PGR patients versus 0.85 in PPR
ones of in vivo GC resistance and GR expression.

Interpretation and Conclusions. We conclude that the
expression of GR is of minor importance for in vivo GC
resistance in childhood ALL.
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tic leukemia (ALL) differs profoundly between low,

intermediate and high risk patients. This has led to
risk adapted treatment regimens. In ALL trials of the
Berlin-Frankfurt-Munster study group (ALL-BFM), risk
stratification is based on various parameters, including
an in vivo glucocorticoid sensitivity test, the in vivo
prednisone response (PR).14 PR is defined by the num-
ber of peripheral leukemic blasts present on day eight
of initial prednisone treatment. The threshold value for
the distinction between good and poor prednisone
response is 1000 blasts/pL. In trial ALL-BFM 90, pred-
nisone-good responders (PGR) had an estimated 82%
probability of a 6-year event-free survival (6y-pEFS) in
contrast to prednisone-poor responders (PPR), who
showed a 6y-pEFS of only 34%.4 In the 1990s many
international studies confirmed the prognostic signifi-
cance of the early reduction of malignant cell load in
hematologic malignancies.>8

The biological background of glucocorticoid (GC)
resistance is not known completely. However, the glu-
cocorticoid receptor (GR) has been subject of many in
vitro and in vivo studies, addressing the problem of GC
resistance in hematologic malignancies, asthma, and
other diseases treated with glucocorticoids.®-*4Recent-
ly, Tissing et al. showed that mRNA expression of GR
splice variants was not associated with either in vivo or
in vitro GC resistance in childhood ALL.15 Nevertheless,
due to the methodology of his study, a translational
defect of GR mRNA could not be excluded. The current
study was, therefore, aimed at investigating the asso-
ciation of GR protein expression and prednisone
response in a closely matched case-control study of 40
childhood ALL patients.

The glucocorticoid receptor is a ligand-dependent
transcription factor that codes for a diversity of pro-
teins.1® To date, six isoforms are known: GR-a, GR-3,
GR-y, GR-P, GR-A and GR-B.X” GR-a and GR-[3 were
first described in 1985 and GR-a has since been well
characterized as the functional receptor, which com-
prises an amino-terminal transactivation domain, a
central DNA-binding domain and a carboxy-teminal
end containing the hormone-binding domain.19-21

Even though the structure of GR-3 appears highly
homologous to that of GR-a (identical through amino
acid 727), GR-B does not bind glucocorticoids and is
transcriptionally inactive.t” Nevertheless, reports on the
function and the biological importance of GR-[3 are still
conflicting.2#% In vitro studies using transfected cell
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lines26 and in vivo studies in asthma, rheumatoid
arthritis, inflammatory bowl disease and
ALLt2132527.28 could not clarify the importance of
GR-[3 so far.

GR-y RNA expression in childhood ALL has been
investigated by Beger et al. Using an in vitro stim-
ulation assay she showed longer GR-y RNA up-reg-
ulation in prednisone-poor responders than in
prednisone-good responders after in vitro stimula-
tion with dexamethasone.?

In a different study investigating GR-P expression
levels in hematologic malignancies it was sug-
gested that GR-P increases the activity of GR-a.
The authors concluded that, by increasing GR-a
activity, GR-P could be involved in GC resistance
during GC treatment.t The function of GR-A has
not yet been subject of investigations.

Comparative in vivo studies investigating the
protein expression of GR isoforms and their asso-
ciation with GC resistance in childhood ALL have
not yet been published. Unfortunately, studies on
GR isoform protein expression are generally ham-
pered by technical problems (see discussion). There-
fore, the current study investigated the protein
expression of the sum of all GR isoforms using an
isoform unspecific antibody.

Design and Methods

Patients and study design

Our study was designed as a case-control study
for prednisone response to assess the association
of glucocorticoid resistance and glucocorticoid
receptor protein expression in childhood ALL. Cas-
es were patients with poor in vivo prednisone
response (n=20), controls were patients with good
in vivo prednisone response (n=20). The study uti-
lized spare peripheral blood and bone marrow sam-
ples as well as clinical data from patients enrolled
in the ALL-BFM 90 and ALL-BFM 95 trials. Criteria
used to match the patients in the two groups were
initial white blood cell count (WBC; <10,000,
10,000-<50,000 and =50,000 leukocytes/pL), sex,
immunophenotype (T-ALL, non T-ALL) and age at
diagnosis (<1 year, 1-9 years and =10 years) (Table
1). All patients who did not die from progressive
disease or relapsed ALL had a follow-up of at least
five years.

Fifteen matched patient pairs of the current
study were also investigated for heat shock protein
90 (Hsp90) expression in a different study, which
was recently published.3® The Hsp90 data of these
patients will be referred to in the discussion.

Cell samples

The spare bone marrow and peripheral blood
samples analyzed in this study were taken from
ALL patients at diagnosis before administration of
glucocorticoids. Peripheral blood samples had to

Table 1. Distribution of the clinicopathological fea-
tures in patients with childhood ALL, divided into two
groups according to in vivo response to prednisone.

Prednisone Prednisone
Poor response  Good response
n=20 (100%) n=20 (100%)

Sex

male 14 (70.0) 14 (70.0)
female 6 (30.0) 6 (30.0)
Age at diagnosis

<1 year - -
1-9 years 15 (75.0) 15 (75.0)
> 10 years 5 (25.0) 5(25.0)
Initial WBC count (/L)

<10,000 - -
10,000-<50,000 4 (20.0) 4 (20.0)
> 50,000 16 (80.0) 16 (80.0)
Immunophenotype

non T-ALL 10 (50.0) 10 (50.0)
T-ALL 10 (50.0) 10 (50.0)

have a minimum of 70% leukemic blasts prior to
gradient centrifugation. Mononuclear cells were
isolated using gradient centrifugation (Ficoll-
Paque, Amersham Biosciences, Freiburg, Germany).
After isolation, cells were frozen in Roswell Park
Memorial Institute medium (RPMI-1640) contain-
ing 10% dimethyl sulfoxide (DMSO).

Protein isolation

Protein from BM and peripheral blood mononu-
clear cells was isolated using a standard protocol
for extraction of cytosolic and nuclear proteins.®
Slight modifications of the protocol included the
NP40 concentration (0.1% instead of 0.2%), omis-
sion of (4-(2-aminoethyl)-benzolsulfonylfluoride
(AEBSF) and an incubation period of 10-30 minutes
after resuspension into Dignam buffer A. The con-
centration of protein was measured photometri-
cally directly before Western blotting.

Western blotting

Sodium dodecylsulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed with two
gels at a time. Forty micrograms of total cell lysate
protein were separated on 10% SDS gels for 90
minutes at 180V (Owl Scientific Inc., Wobum, USA).
Every gel was run with 40 g protein from HelLa S3
cells to normalize protein quantity. The gels were
transferred to nitrocellulose membranes (Trans-
Blot Transfer Medium, BioRad Laboratories, Rich-
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Figure 1. Western blot for GR and CRKL in childhood
ALL patients with good and poor in vivo response to
glucocorticoids (GC). Lanes 1 and 2 show the GR and
CRKL expression for patients with good in vivo GC
response. Lane 3 represents a patient with poor in
vivo GC response. Lane 4 demonstrates GR and CRKL
expression in HelLa S3 cells.

mond, USA) and blotted in parallel at 20V for 2
hours. After blotting, gels (Commassie) and mem-
branes (Ponceau S) were stained to document blot-
ting failure. The membranes were incubated with
a polyclonal isoform unspecific GR antibody (sc-
1003, SantaCruz Biotechnology, Santa Cruz, USA)
at 4°C overnight. After washing (three times with
PBS-T), membranes were incubated with a horse-
radish-peroxidase labeled goat-anti-rabbit sec-
ondary antibody (sc-2030, SantaCruz Biotechnol-
ogy) at 4°C overnight. Subsequently, the mem-
branes were incubated with a polyclonal CRKL
antibody (sc-9005, SantaCruz Biotechnology) at
4°C over night. Washing and incubation with the
secondary antibody was performed as described
above. Every gel was run with Hela S3 cells as pos-
itive controls and with pre-stained markers (Wide
range color marker, Sigma, Deisenhofen, Germany).
Finally, the bands were visualized on a X-ray film
(Cronex 5, AGFA, Mortsel, Belgium) using the elec-
tro-chemo-luminescence method according to the
manufacturer’s instructions. Bands of the GR pro-
tein appeared at approximately 90kD, bands of the
CRKL protein at approximately 40kD. An example
of the Western blots is shown in Figure 1. After
scanning of the X-ray film, image analysis was per-
formed on a Macintosh iMAC computer using the
public domain National Institutes of Health (NIH)
Image program (available on the Internet at
http://rsh.info.nih.gov/nih-image).

Statistical analysis

Frequencies were calculated for descriptive pur-
poses. GR protein expression was calculated nor-
malized to CRKL and relative to the GR expression in
Hela S3 cells. The correlation between median GR
protein expression and prednisone response was cal-
culated by logistic regression analysis and a X2 test.
Computations were performed using SAS software

Table 2. Median GR expression shown for the total
group of patients and for the groups divided accord-
ing to in vivo response to prednisone.

Median GR expression? p
(P25-P75)

Total group
N=40 0.87 (0.58-1.33)

Prednisone response
Good (n=20)
Poor (n=20)

0.91 (0.55-1.33)
0.85 (0.61-1.32) ns.

aRelative to the normalized expression of the target protein in
Hela Ss cells.

(SAS-PC Version 6.04, SAS Institute Inc., Cary, NC,
USA).

Results

We performed a case-control study for in vivo
prednisone response on 20 paired patients’ samples
to assess the association of GC resistance and GR
protein expression in childhood ALL. The clinico-
pathologic features of all patients investigated in
our study are shown in Table 1. The median relative
GR protein expression of all patients was 0.87. Over-
all, we did not find different GR protein expression
in PPR and PGR patients (Table 2). GR protein
expression was 0.91 in PGR patients versus 0.85 in
PPR ones. In addition, subgroup analysis for risk fac-
tors known to have an impact on event-free survival
in childhood ALL (sex, age at diagnosis, initial WBC
count, immunophenotype) revealed that even with-
in these subgroups GR protein expression did not
differ significantly between the PPR and PGR groups
(Table 3).

Discussion

In 1983 Pui et al. investigated GR-binding sites
in blasts of patients with relapsed ALL and found
no association with clinical characteristics, initial
response to treatment, or duration of remission.3?
Since then, expression of GR and its isoforms has
been subject of various investigations in patients
with a broad spectrum of diseases that are treat-
ed with glucocorticoids.?26-2835 |n some of these
studies, GR-[3 and GR-P were suggested to inhibit
GR-dependent activation of transcription and,
therefore, contribute to GC resistance. In one study
examining leukemic blasts from 13 ALL patients
and peripheral blood mononuclear cells from 9
healthy volunteers, the ALL samples showed
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Table 3. Median GR expression in subgroups of
patients with childhood ALL, further divided accord-
ing to in vivo response to prednisone.

Median GR expression2
(P25-P75)
No. of Poor PDN°  Good PDNP

patients  response response
Sex
Male 28 0.68 0.98
(0.55-1.21) (0.67-1.28)
Female 12 1.20 0.70
(0.88-1.48) (0.50-1.60)
Age
1-9 years 30 0.86 0.88
(0.59-1.35) (0.53-1.36)
2 10 years 10 0.83 1.13

(0.64-1.52) (0.70-1.46)
Initial WBC count (/pL)

10,000 -49,999 8 0.86 1.06
(0.73-1.38) (0.55-1.45)

> 50,000 32 0.78 0.91
(0.58-1.32) (0.55-1.31)

Immunophenotype

Non T-ALL 20 1.03 1.19
(0.80-1.48) (0.78-1.56)

T-ALL 20 0.67 0.74

(043-1.22) (0.53-1.05)

PDN: prednisone. "PDN: relative to the normalized expression of
the target protein in Hela Ss cells. All differences of GR
expression between the two responder groups were statistically
not significant.

reduced GR-a protein expression with no con-
comitant decrease in GR-[3 compared to the find-
ings in healthy controls. In addition, GR-a expres-
sion was lower in mononuclear leukocytes of T-cell
lineage than in leukocytes from the B-cell precur-
sor immunophenotype. The authors considered that
the reason for the reduced sensitivity to glucocor-
ticoids in T-ALL might be different expression of
GR isoforms in certain immunophenotypes.2

The mechanism responsible for the putative
influence of GR splice variant expression on GC
resistance has been suggested to be an activation
defect of the GC-GR complex. After entering the
cell, glucocorticoids bind to the GR within the cyto-
plasm. Subsequently, the GC-GR complex moves to
the nucleus and binds to glucocorticoid responsive
elements (GRE) from GC responsive genes within
the nucleus. The binding of the GC-GR complex
with GRE is dependent on the formation of GR
homodimers, which must be formed by two lig-

anded GR.® The formation of a GR heterodimer
(e.g. GR-a GR-) seems to prevent induction of
transactivation or transrepression of GC respon-
sive genes. Furthermore, competitive binding of
GR-a and GR-[3 or GR-P to co-activators or co-
repressors has been suggested to play a role in GC
resistance.?

The investigation of protein expression of GR iso-
forms is hampered by biological as well as techni-
cal problems. For example, Haarman and col-
leagues found that GR-3 protein is not detectable
in primary ALL cells, whereas it is detectable in
CEM-C7 cells.? In addition, Beger et al. described
that sequences from GR-a, GR-3 and GR-P can
form the carboxy-terminal end of GR-y and that
GR-y RNA expression may be up-regulated for
longer in PPR samples than in PGR ones after in vit-
ro stimulation with dexamethasone.?® Beger’s
study reveals a fundamental problem concerning
the interpretation of studies examining differential
protein regulation of GR isoforms. GR isoform spe-
cific antibodies are commercially available only for
GR-a and GR-[3. However, since we are now aware
that GR-y exists with the carboxy-terminal ends of
various other GR isoforms, and since the structure
of GR-y may differ from each of these isoforms by
only 1 amino acid within the DNA binding domain
(arginine), we must conclude that the GR-a and
GR-[3 specific antibodies currently used are highly
likely to recognize not only the respective specific
GR isoform, but also GR-y. Thus, potential effects
of GR-a or GR-3 on GC resistance could have been
mimicked by a GR-y effect. We think that, cur-
rently, it is not possible to study GR isoform pro-
tein expression using an isoform specific antibody
approach.

The protein data of this study support the RNA
data published by Tissing et al., who investigated
GR-a, GR-P3 and GR-P RNA expression as well as
the expression of the sum of all GR isoforms (GR-
total) in a case-control study of prednisone
response in childhood ALL at diagnosis. In that
study there was no differential expression of any
GR isoform RNA.3¢ Twelve of the patients of the
current study (6 matched pairs) were also investi-
gated in the study by Tissing et al. This now allows
us to hypothesize that a defect of GR mRNA trans-
lation as a cause of GC resistance in childhood ALL
can be excluded by the current study to a certain
extent. However, our study does not definitively
exclude that GR expression could influence out-
come of childhood ALL, since the initial co-exis-
tence of small cell fractions with distinct GR
expression patterns cannot be ruled out. The analy-
sis of resistant blasts after 1 week of GC treatment
could be a next step to approach this issue.

In a recently published study we showed that
differential expression of hsp90, the main protein
of the GR activating heterocomplex, does not con-
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tribute to GC resistance in childhood ALL.2° Fifteen
matched pairs of the current study were also inves-
tigated in the hsp90 study. Therefore, we calculat-
ed hsp90/GR ratios for each of the 15 responder
pairs to look for an imbalance between hsp90 and
GR expression in each of the patients. GC resis-
tance in patients with normal GR expression could
occur, for instance, because of low hsp90 expres-
sion and thus low GR activating capacity. Howev-
er, hsp90/GR ratios were not significantly different
in sensitive and resistant patients (data not shown).

To summarize, using Western blot technology we
did not find a correlation between GR protein
expression and GC resistance in childhood ALL In
addition, there was no difference in the ratio of
hsp90 to GR expression in GC sensitive and resis-
tant ALL patients. Further studies might focus on
elucidating activation defects of the GC-GR com-
plex in detail. In particular, invivo stimulation stud-
ies focusing on the dynamics of GR expression
under GC treatment would be helpful to clarify,
once and for all, the role of GR expression in GC
resistance in childhood ALL.
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In the following paragraphs, Professor Cazzola
summarizes the peer-review process and its out-
comes.

What is already known on this topic

Early treatment response is a strong predictor for
treatment outcome in childhood acute lymphoblas-
tic leukemia (ALL), treated within the protocols of the
Berlin-Frankfurt-Minster (BFM) study group. In the
ALL-BFM trials, early treatment response is assessed
by in vivo response to glucocorticoids (prednisone
response), the molecular background of which is
unknown.

What this study adds

This paper reports negative results, suggesting that
the expression of glucocorticoid receptor does not
influence prednisone response in childhood acute
lymphoblastic leukemia.
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