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Summary: Several methyl 17ß-carboxyester derivatives of natural and fluorinated glucocorticoids were syn-
thesized in order to compare their potency to compete for [3H]dexamethasone binding sites in human spieen
tumour cytosols (äs a source of large quantities of white blood cells) with their potency to inhibit phytohaem-
agglutinin-induced blastogenesis of normal human peripheral lymphocytes. The 17ß-carboxylic acids neith-
er show binding activity nor Inhibition of blastogenesis. Methylation partially restores the binding capacity
and the intensity of this effect depends on the kind of ring substitütions. The sequence of binding potency is
identical compared to that of parent steroids and was found to be in the following order: desoximetasone >
dexamethasone > corticosterone > Cortisol > progesterone > 17-hydroxyprogesterone. The phytohaemag-
glutinin-induced Stimulation of [3H]thymidine incorporation resembles the order of binding potency. The
methyl 17ß-carboxyester derivatives of progesterone, 17-hydroxyprogesterone and betamethasone are inac-
tive. The N-benzyl 17ß-carboxamide analogs of dexamethasone and betamethasone behave like their corre-
sponding carboxyesters, suggesting an important influence of the side chain conformation of 17ß-carboxyl
derivatives on glucocorticpid receptor binding.

Methylester der 17ß?Säuren naturlicher und synthetischer Glucocorticoide: Korrelation zwischen Rezeptor-
'Bindung und Hemmung der in 'vitro durch Phytohämagglutinin induzierten Lymphocyten-Blastogenese

Zusammenfassung: Zahlreiche Methylester von 17ß-Säuren natürlicher und fluorierter Glucocorticoide
würden in der Absicht synthetisiert, ihre Eigenschaften hinsichtlich Kompetition mit [3H]Dexamethason um
die Rezeptor-Bindung im Cytosol humaner Milztumoren (eine Quelle großer Mengen weißer Blutzellen) mit
denen der Hemmung durch Phytohämagglutinin induzierter Blastogenese normaler humaner peripherer
Lymphocyten zu vergleichen.
Die 17ß-Säuren zeigen weder Bindungsaktivität noch ^Hemmung der Blastogenese.
Methylierung führt zu einer partiellen Wiederherstellung der Bindungsaktivität, wobei die Intensität abhängig
von der Art der Substituenten ist. Die Reihenfolge der Bindungsaffinität, bezogen auf das Ausgangssteroid,
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war wie folgt: Desoximetason > Dexamethason > Corticosteron > Cortisol > Progesteron > 17-Hydroxy-
progesteron. Die durch Phytohämagglutinin induzierte Hemmung des [3H]Thymidin-Einbaus spiegelt -die
Bindungseigenschaften der einzelnen Derivate am Rezeptor wider.

Die Methylderivate der 17ß-Säuren von Progesteron, 17-Hydroxyprogesteron und Betamethason waren in^
aktiv. Die N-Benzyl-17ß-Carboxamid-Analoga von Dexamethason und Betamethason zeigt^ ähnliche Ei-
genschaften wie ihre korrespondierenden Ester, was die Vermutung nahe legt, daß die Seiteiiketten-Konfor-
mation der 17ß-Säure-Derivate einen erheblichen Einfluß auf die Bindung am Glucocortieoid-Rezeptor zur
Folge hat.

Introduction

The mechanism of action of glucocorticoids has been
intensively investigated (for a review see I.e. (1)).
The steroid is thought to enter its target cell and to
bind with high affinity and specificity to a cytosolic
receptor protein.

Specific receptors for glucocorticoids can be identl·
fied in purified subpopulations of human mononu-
clear cells (e. g. T. lymphocytes, non-T lymphocytes
and monocytes). On the basis of quantity, binding
affinity and specificity, these receptors appear to
have equilibrium dissociation constants (2) and pätt-
erns of competition (3) that are essentially identical
for a variety of steroid analogs. Glucocorticoids
exert profound effects on human immune functions.
A variety of in vitro studies have suggested that
many parameters of lymphocyte function are inhibit-
ed by glucocorticoids (4). These include Inhibition of
glucose uptake and amino acid incorporation, Inhibi-
tion of mitogen-mediated blastogenesis and elabora^
tion of a variety of lymphokines (2).

Receptors in human peripheral blood lymphocytes
may be induced threefold on a per cell basis with the
mitogen phytohaemagglutinin. This is accompanied
by a much higher sensitivity towards macromolecu-
lar synthesis to glucocorticoid Inhibition than in non-
stimulated cells (2, 5, 6).

In this report the binding potency of natural and syn-
thetic glucocorticoids and their derivatives to gluco-
corticoid receptors of human spieen tumours is de-
termined and compared with their potency to inhibit
in vitro the phytohaemagglutinin-mediated blasto-
genesis of normal human peripheral blood lympho-
cytes.

Materials and Methods
Chemicals

[3H]Dexamethasone (9-fluoro-16a-methyl-llß,17,21-trihy-
droxy-l,4-pregnadiene-3,20-dione) 0.74 TBq/mmol and [3H]thy-
midine 0.18 TBq/mmol were purchased from Amersham. Desoxi-
metasone (9-nuoro-16a-methyl-llß,21-dihydroxy-l,4-pregna-
diene-3,20-dione) was obtained from Hoechst AG; all other ste-
roids were purchased from Sigma. The 17ß-carboxylic derivatives

of 21-hydroxy pregnanes (la—IXa) were obtained by periodic
acid oxidation (7). Methylation of the acids to their corresponding
methyl esters (Ib-IXb) was performed with diazpmethane.

N-Benzyl 9-fluoroTi6a-methyl-llß,17-dihydroxy-3-oxo-l,4-an-
drostadiene-17ß-carboxarhide (Ic) and N^benzyl 9-fluoro-16,ß-
methyl-11 ß, 17-dihydroxy^3roxo^ l ,4-androstadiene-l 7ß-carbox-
amide (IIc) were synthesized according to Formstecher et al. (7).
The synthesis pf compound X will be described elsewhere (6).

Preparation of cytpsols

Human spieen tumour tissue was stored at —70 °C until use. After
thawing in hpfnogenization buffer (20 mmol/I Tris/HCI, 2.73
mol/1 glycerol, 2 mmpl/1 CaCL2, l mmol/1 MgCfc, 5 mmol/1 me>
captoethanol, pH 7.4), the tissue was minced in 3 volumes of buk
fer and homogenized by 10 strpkes pf a teflon/glass Potter/Elveh-
jem homogenizer. The homogenate was centrifuged for 45 min at
105000g and the supernatant taken äs cytosoL

Competition assay

The tübes were prepared äs follöws: To each tube 0.1 ml of
[3H]dexamethasone (in homogenization büffer) was pipetted, to
give a final concentration of 32 rimoi/1. Then aliquots of 0.1 ml
containing the various competitors (in homogenization buffer) at
10 different concentrations (3.2—640 nmol/1) were added. Finally
0.2 ml of cytosol were added to each tube and the tubes weife
incubated for 4 h at 0 °C. Incubation was terminated by the addi-
tion of l ml dextran-coated charcoal Suspension. The final con?
centrations were 5 g/l of charcoal and 0.5 g/l of dextran T 500.
After 10 min of incubation the tubes were centfifugep' for 10 min
at 5000 g and l ml of the supernatant was withdrawn and counted
for radioactivity. All determinations were carried out in tfiplicate.
The relative binding affinities of the steroids for cytosolic gluco^
corticoid receptors were determined äs described by Ojasoo &
Raynaud (8). The relative binding affinity pf dexamethasone was
taken to be equal to 100.

[3H]Thymidine ineorporation assay

Peripheral blood lymphocytes from healthy donors were isolated
using a Ficoll Hypaque double gradient technique (12). The cells
were washed three times in Hanks balanced salt solution and re^
suspended at a cell concentration of 109/1 in medium 199 (Flow
Laboratories, Meckenheim, F.R.G.) supplemented with 50 ml/I
heat-inactivated serum from healthy donors belonging to blood
group AB, 2 mmol/1 L-glutamine, 100000 U/l penicillin (Sigma,
München, F.R.G.) and 100 mg/1 streptomycin (Sigma, München,
F.R.G.). More than 95% of the lymphocytes were viable äs deter-
mined by trypan blue exclusion. 200 of culture medium, con-
taining 2 x l O5 cells, were added to each well of round bottomed
microtiter plates, 10 of phytohaemagglutinin P dilutions (Difco
Laboratories, Detroit, Michigan, USA, 5 mg/1 phytohaemagglu-
tinin) and 10 of steroid Solutions of increasing concentrations
dissolved in 9 g/l NaCl were added to each well and incubated for
72 h at 37 °C in a humified atniosphere of 5% COa and 95% air.
LympKocyte Stimulation was assessed by the incorporation öf
[3H]thymidine into the DNA during the last 4h of culture
(3.6 MBq/1). v *
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Results and Discussion
In recent years a multitude of novel side-chain modi-
fied glucocorticoids have been synthesized. In princi-
ple, three different chemical pathways are accessi-
ble: elongation of the side-chain (4, 10—13), intro-
duction of reactive groups by retaining 21 carbon at-
oms (14, 15), and oxidation of the side chain to the
corresponding 17ß-carboxylic acid analog (12—14).
The latter are the topic of this study.
To investigate the influence of a side-chain modifica-
tipn on the biological activity of a family of glucocor-
ticoid analogs, we selected 17ß-carboxylic acids and
their methylester analogs. They are easily accessible
and the yields are almost quantitative (7). The three
17ß-carboxamide analogs of dexamethasone used in
this study were synthesized according to Formstecher
et al. (7) with the exception that the N-hydroxysuc-
cinimide active ester analog of dexamethasone was
reacted with the respective amine.
Depending on the histological classification of lym-
phogranulomatosis maligna (Hodgkins disease) hu-
man spieen tumours contain varying amounts of
white blood cells. Figure l a shows the Saturation ki-
netics of the cytosolic glucocorticoid receptor with
[3H]dexamethasone. Specific binding is a hyperbolic
function of the free dexamethasone concentration,
and a Scatchard plot of the data is compatible with a
single population of binding sites (fig. Ib). Human
spieen tumour cytosols, so far investigated, con-
tained glucocorticoid receptor concentrations of
40—150 fmol/mg cytosol protein. Linear regression
analysis of Scatchard plots gave an apparent Kdiss at
0 °C of 6.8 ±2.1 nmol/1. This is in good agreement
with the equilibrium dissociation constants found for
the glucocorticoid receptors of T-lymphocytes, non-
T lymphocytes and monocytes in partly pürified sub-
populations of human mononuclear cells (2). Not
only are the dissociation constants similar but bind-
ing speciflcity studies revealed similar patterns of
competition by a variety of steroid analogs in all hu-
man spieen tumours so far tested, independent of the
histological classification. Thüs human spieen tum-
ours embody an ideal source of very large quantities

-of glucocoiticoid receptor positive tissues.
The relative binding affinities of the steroids to the
spieen tumour glucocorticöid receptor are listed in
table 1. As described for rat hepatoma tissue culture
cells (19), substitutions like 11-oxo, 17-hydroxyl and
21-deoxy consistently reduce the affinity for the re-
ceptor, whereas the oxidation of the side-chain to
androstane derivatives yields inactive steroids.
Methylation partly restores the binding capacity and
the value of this effect is subject to the kind of ring

substitutions. Figure 2 clearly proves this observa-
tion and shows that the 17-hydroxyl group has the
same unfavourable effect on the binding to the glu-
cocorticoid receptor of human spieen tumour leuko-
cytes äs observed in other Systems (16, 18).
The seqüence of potencies for the 17ß-carboxyesters
is identical to that of parental steroids (fig. 3) and
was found to be desoximetasone > dexamethasone
> corticosterone > cortisol > progesterone > 17-
hydroxyprogesterone. Interestingly, the methyl 17ß-
carboxyester analog of betamethasone (Ilb) deviates
from the rule. Although the binding of dexametha-
sone (16a-methyl) to glucocorticoid receptors can-
not be distinguished from that of betamethasone
(16ß-methyl), compound Ilb is, if at all, only a very
weak competitor. This is in good agreement with the
binding affinities found for 16 - and 16ß-methyl-
progesterone, 16 - and 16ß-methyl-17-hydroxypro-
gesterone and 16 - and 16ß-methyl-17,21-dihy-
droxy-4-pregnene-3,20-dione (18, 19).
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Tab. l , Sieroidsstructurcs, Inhibition of |3Il)thymidine incorporation and relative bindingaffinities for androstane-17ß-carboxylicacids
und undrosiane-l7|J-curboxymeihyle8lers (same symbols äs in figsJ and 2).
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') Effects of different stcroids on [3H]thymidine incorporalion into purified human peripheral blood lymphocytes. Results shown are for
^ cells stimulated for 72 h with phytohaemagglutinin.
*) Relative binding activity, with dexamethasone taken äs 100 (means of triplicate determinations).

With the N -benzyl analogs of dexamethasone (Ic)
and betamethasone (IIc), we could show that this
was not an abnormal result, in that a 16ß-methyl
Substitution again led to an inactive derivative, As
already shown by Schmii & Rousseau (18), one can-
not ascribe the extremely low affinities of 16ß-me-
thyl compounds a priori to steric hindrance (tab. l,
compound X) since on the other hand the loß^me-
thyl Substitution of betamethasone (II) does not de-

crease the affmity of this steroid for the receptor We
think these results confirm the hypothesis of Schmit
& Rousseau (18) that receptor binding involves a
specific conformation of the side chain,

Steroids have been classified according to their mode
of action, based on dose response curves for the in*
duction of tyrosine aminotransferase (EC 2,6, L5) in
rat hepatoma tissue culture cells. Optimal and sub-
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Fig. 2. Binding affinities of natural and synthetic corticoids, thcir 17ß-carboxylic acids and methyl csters to the glucocorticoid receptor of
human spieen tumour leukocytes. The binding affinities of the I7ß-carboxyesters (open bars) are always lower than, but propor-
tional to the binding affinities of the parent steroids (shaded bars). The only exception is the carboxyester of betamethasone (Ilb)
which bears a 16ß-methyl group. The 17ß-carboxylic acids do not compete for [3H]dexamethasone binding to the glucocorticoid
receptor. All data are means of triplicate determinations.

optimal inducers raise the basal tyrosine aminotrans-
ferase levels whereas antiinducers are unable to sti-
mulate tyrosine aminotransferase synthesis. The lat-
ter, however, can decrease the enzyme induction by
optimal or suboptimal inducers (20). Recently,
Rousseau et al. (16) reported, that 17ß-carboxamide
analogs of dexamethasone, despximetasone and hy-
drocortisone represent a riew class of glucocorticoid
antagonists. This antiglucocorticoid effect was found
to be dose-dependent and the order of potency of
the inhibitors was consistent with their respective af-
finities for rät hepatoma tissue eulture cell glucocor-
ticoid receptors.

Comparable results were found for the 17ß-carboxy-
ester analog of dexamethasone Ifr in vivo. Although
compound Ib arid hydrocortisone (compound VI)
possess similar binding affinities, only hydrocorti-
sone is able to raise the levels of tyrosine amino^
transferase and tryptophan-2,3-dioxygenase (EC
1.13.11.11) in the livers of adrenälectornized rats
(17).
In contrast to rat liver [where methyl 17ßrcarboxyes-
ter derivatives of dexamethasone (Ib) ör hydrocorti-
sone (VIb) are not able to raise tyrosine äminotrans-
ferase and tryptophan-2,3-dioxygenase activities

Compeiitor concentrotiorv imol / l ]

Fig. 3. Corhpetition of synthetic and natural corticoids for
[3H]dexamethasone in human spieen tumour cytosol. Ali-
quots of cytosol were ihcubated with 32 nmol/1 [3H]dexa-
methasone plus 640 - 3.2 nmol/1 competitors for 18 h at
0 °C. Total binding in the absence of competitors minus
binding in the presence of 640 nrnol/1 dexamethasone
(nonspecific binding) was taken äs 100% scale. Unbound
steroids were removed using dextran-coated charcoal. The
Symbols are: Desoximetasone (V), dexamethasone ( ),
betamethasone (Y), corticosterone (D), cortisol (A),
prednisolone (·), progesterone (O) and 17-hydroxypro-
gesterone (·), Similar patterns of competition were found
in all human spieen tumour cytosols, independent of the
histological classification.
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(17)], or to rat hepatoma tissue culture cells [where
17 -carboxamide derivatives behave like glucocorti-
coid antagonists and are, if at all, only extremely
weak agonists (16)], the same (carboxamide Ic) or
related (carboxyesters Ib, Hlb, IVb) derivatives be-
have like glucocorticoid agonists and inhibit phyto-
haemagglutinin-mediated Stimulation of [3H]thymi-
dine incorporation in normal peripheral blood lym-
phocytes (tab. l and fig. 4). The order of Inhibition
resembles that of binding affinities to the glucocorti-
coid receptors of human spieen tumo r cytosol
(tab. 1) and was found to be the same in three differ-
ently stimulating phytohaemagglutinin and conca-
navalin A concentrations (data not shown). The me-
thyl 17 -carboxyester derivatives of progesterone
and 17-hydroxyprogesterone do not inhibit blasto-
genesis up to 5 μιηοΐ/ΐ steroid in the culture medium.
This is consistent with the very low affinities of these
compounds to the glucocorticoid receptor (tab. 1).
Clemens et al. (21) recently showed that 1-20 mg/1
of progesterone, but not 17-hydroxyprogesterone,
can block [3H]thymidine incorporation into mitogen-
stimulated human peripheral lymphocytes. They
suggest that this effect is not mediated via a classical
steroid hormone receptor mechanism but is more
likely an Inhibition of [3H]thymidine entry into the
cell by progesterone itself. In contrast, in rat hepato-
ma tissue culture cells, progesterone behaves like a
glucocorticoid antagonist competing with agonists
for binding to the glucocorticoid receptor (16).

The addition of increasing concentrations
(50-500 nmol/1) of the N-benzyl 17 -carboxamide
analog of dexamethasone (compound Ic) in the pres-
ence of 25 nmol/1 of dexamethasone showed an ad-
ditive suppression of [3H]thymidine incorporation
(fig. 3). This was the more surprising, s compound
Ic was found to be the most potent antiinducer in rat
hepatoma tissue culture cells (16). Experiments us-
ing tritiated 17 -carboxamide analogs of dexameth-
asone are in progress to elucidate why the same ste-
roid (compound Ic) inhibits phytohaemagglutinin-
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Fig. 4. Effect of steroid derivatives on [3H]thymidine ineorpora-
tion in human peripheral blood lymphocytes. Peripheral
blood lymphocytes were isolated s described. Cell count
was adjusted to 2 x l O5 cells per culture volufne (200 μΐ).
10 μΐ of phytohaemagglutinin (5 mg/1) and 10 μΐ of de-
creasing concentrations of steroids dissolved in 154 mmol/
l aqueous NaCl solution were added to each culture vo-
lume. Lymphpcyte Stimulation was assessed by the incor-
poration of [3H]thymidine into the DNA during the last 4
h of culture. Dexamethasone (Δ, I); methyl 17 *cafbox-
yester analogs of desoximethasone (D, Hlb), dexametha-
sone (V, Ib), betamethasone (H, Ilb) and hydrocortisone
(O, VIb); N-benzyl 9-fluoro-16a-methyl 11 , 17->dihy-
droxy-3-oxo-l,4-androstadiene-17 -carboxamide (τ,
Ic), 2'-(9-fluoro-16a-methyl-ll ,17-dihydroxy-3-oxo-
l,4r-androstadiene-17 -carboxarnido)glutaric acid di-tert-
butyl ester (O, X). N-benzyl 17 -cafboxamide (T, Ic) +
50 nmol/1 dexamethasone (Δ, I) is symbolized by
(O O). Similar results were found in peripheral
blood lymphocytes of different donors. In this particular
expefiment- absolute radioactivity of background and
maximum incorporation cofresponded to means of 10 and
333 Bq, respectively.

mediated Stimulation of [3Hjthymidine incorpora-
tion in human peripheral lymphocytes, but antagon-
izes the action of dexamethasone in rat hepatoma
tissue culture cells.
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Appendix

IUPAC names and melting points of methyl 17 -carboxyester and benzyl 17. -carboxamide derivatives:
5" 1m^y1-11P'17^y«ta-3^^I4-aiidtartadieie- »(Ib; m.p. 248 »Q;

(Hb; m p. 224-226 «C);
nf t Η, - - - - e n e - - c a r o x y e s e r (Illb m.p. 234-235 «C);
^'^-d'hydroxy-a-oxo-l^-androstadiene-n -carboxyester (IVb; m.p. 196 ' 197 *C);

methy 7-hydroxy-3,ll-dioxo-4-androstene-17 -carboxyester (Vb; m.p. 22&-229<C)·
mS* \': ̂  «'ί.7'̂  hydroxy-3-°xo-4-androstene-17 -carboxyester (VIb; m.p. 199-201 ̂ C);

ΪΥ " -hydroxy-3-oxo-4-androstene-17 -carboxyester (Vllb; m.p. 180-182°C)·
mehy 17-hydroxy-3-oxo-4-androstene-17 -carboxyester (VHIb; m.p. 205-207 'CV
methyl 3-oxo-4-androstene,17 -carboxyester (IXb; m.p. 170-171 °C)·

' ^
-r-(9-fluoro ΐ2 (9

0^uoro-W«-
(«': -".p. 250-252 »Q;

>17-dlhydroxy-3-oxo-li4-androstadiene-17 -carboxamido). glutaric acid di-tert-butyl. ester (X; m p
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