
millennia by their location in a well- 
sealed environment and by concealment 
between the glumes of a whole spikelet. 
As a result of the transfer of the fragile 
material from the excavated site and 
handling in the laboratory, several speci- 
mens disintegrated, exposing the fungi 
and leading to more detailed examina- 
tion. 

According to some commentators (6), 
rust is mentioned in the Hebrew Bible (7) 
as a crop-damaging disease called yera- 
qon. This Hebrew word, referring to 
some phenomenon characterized by the 
color green or  orange, also appears in the 
Mishnah to describe a kind of spreading 
plague of wheat (8). From the Biblical 
and the Mishnaic contexts, it is reason- 
able to  suggest that yeraqon was the 
ancient term for infestations of Puccinia 
graminis f. sp. tritici, for when this rust 
strikes in a given year, its effects may be 
devastating and widespread. The Greeks 
also knew it in classical times (9). Other 
wheat diseases, although more common, 
are usually less destructive to the annual 
crop. 

Archeological fungal remnants are 
found only rarely. These include sclero- 
tia of species such as  Claviceps purpurea 
or Cenococcum geophilum, or the hard 
fruiting bodies of Polyporus (10). In addi- 
tion, some exceptional findings of micro- 
scopic fungi have been reported: My- 
cosphaerella-infested Lolium perenne 
grass from ancient Egypt more than 3000 

years old (11); the hyphae of a fungus 
that attacked darnel grains in Egypt 
about 2000 B.C. (12); wine and beer 
yeast cells from the 1 l th  Egyptian dynas- 
ty (13); and spores of several species of 
Ustilago-attacking barley found in the 
stomach of Grauballe man from the first 
centuries A.D. in Denmark (14). 
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H-2 Histocompatibility Region: Influence on the Murine 

Glucocorticoid Receptor and Its Response 

Abstract. The influence of the H-2 histocompatibility complex on glucocorticoid 
receptor levels, and  the biochemical response of glucocorticoid action measured a s  
the degree of inhibition of prostaglandin production, has  been studied in the mouse 
thymus and lung. The BlOA (H-2") strain of mice has significantly higher glucocorti- 
coid receptor levels and  a significantly greater biochemical response to glucocorti- 
coid than the BlO (H-2b) strain, which difers from BlOA within the H-2 complex only. 
Thus, the anti-injammatory hormone respottse of glucocorticoids is correlated to 
hormone receptor level, both of which are  injuenced by the H-2 locus. 

Susceptibility to  cortisone-induced 
cleft palate in the mouse is regulated in 
part by two genes acting by complemen- 
tation within the H-2 histocompatibility 
complex on chromosome 17 (1-6). The 
same genetic region also appears to  influ- 
ence the level of glucocorticoid recep- 
tors in mouse embryonic palatal cells (7, 
8). H-2-linked genes cannot be demon- 
strated to  regulate receptor levels in the 
liver (8-10); this is in agreement with 
observations of tissue-specific variation 
in cortisol receptors in rats (11). Recent- 
ly, it has been reported that H-2 regu- 

lates the degree of glucocorticoid thymo- 
lytic responses in the mouse (12, 13). 
Thus, it is possible that H-2 regulates 
glucocorticoid receptor levels in the thy- 
mus. Since both the hormonal action (14, 
15) and teratogenic action (16, 17) of 
glucocorticoids involve inhibition of ara- 
chidonic acid release and of subsequent 
prostaglandin and thromboxane produc- 
tion, we have sought to examine whether 
glucocorticoid receptor levels and the 
degree of inhibition of prostaglandin pro- 
duction may be influenced by H-2 in 
thymocytes of the BlOA and B10 mouse 
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strains. The B10 and BlOA strains are 
genetically similar, except for the H-2 
complex and closely linked genes on 
chromosome 17, where BlOA is H-2" 
and B10 is H-2b. We now report that 
H-2-linked genes influence glucocorti- 
coid receptor levels in the thymus as well 
as in the lung. We also demonstrate that, 
in thymocytes, glucocorticoid receptor 
levels correspond to the amount of inhi- 
bition of prostaglandin and thromboxane 
production by glucocorticoids. 

Dexamethasone was used for most of 
the experiments, since dexamethasone is 
tightly bound to the receptor and does 
not bind to transcortin or ligandin (18, 
19). Moreover, dexamethasone has a 
very high potency as  a glucocorticoid 
(20). We used the method of Katsumata 
et al. (8) to  look for a glucocorticoid- 
binding receptor protein in thymocytes 
and lung cytosol. The receptor level and 
degree of inhibition of prostaglandin pro- 
duction by glucocorticoid were studied 
in the BlOA congenic strain and its in- 
bred partner B10, and inhibition of pros- 
taglandin synthesis was studied by use of 
a radioimmunoassay procedure. 

We found that the [3H]dexamethasone 
binding sites in thymocytes (Fig. 1) and 
lung (Fig. 2) are saturable. A Scatchard 
analysis of the binding activity indicated 
a single class of binding molecules in 
both lung and thymus. The dissociation 
constant, Kd, of the glucocorticoid re- 
ceptor protein in thymocytes is signifi- 
cantly higher in the B l0A than in the B 10 
receptor protein (Kd = 6.3 x lo-' k 

2.6 x 1 0 - ' ~  in BlOA, and 3.4 x lo-' 2 

0.9 x 1 0 - ' ~  in BlO), but no significant 
difference in the Kd value was noticed in 
the lung cytosol of the two strains (Table 
1). 

The receptor content in the lungs and 
in the thymocytes was significantly high- 
er in the BlOA strain than in the B10 
strain (Table I),  and this was true for 
both males and females. Although there 
was no difference in the receptor content 
of male and female thymuses, we found a 
significantly higher receptor content in 
lung cytosols from females than from 
males in both strains. 

We also determined the recevtor level 
in the thymocyte nuclear fraction in or- 
der to  examine whether the strain differ- 
ence in receptor content could be ob- 
served in the receptors that translocated 
to the nucleus. The results showed that 
the nuclei of the BlOA mice had a signifi- 
cantly higher receptor content than did 
those of the B10 mice (Table 1). 

In the second series of experiments, 
we investigated glucocorticoid-induced 
suppression of prostaglandin production 
(Table 2). Dexamethasone (5  to 100 FM) 
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inhibited prostaglandin production in 
a dose-dependent fashion (data not 
shown). We analyzed four prostaglan- 
dins: (i) 6-keto-prostaglandin F,, (6- 
keto-PGF1,), the stable metabolite of 
prostacyclin; (ii) thromboxane B2 (TXB2), 
the stable metabolite of thromboxane 
A2; (iii) prostaglandin E2 (PGE2); and 
(iv) prostaglandin F2, (PGF2,). A signifi- 
cantly higher degree of inhibition by 
dexamethasone was observed in BlOA 
thymocytes than in B10 thymocytes in 

the production of each of the four prosta- 
glandins at each concentration of dexa- 
methasone, with the exception of PGEz 
at the lower concentration (Table 2). A 
higher degree of inhibition of 6-keto- 
PGFI,, TXB2, and PGF2, was also ob- 
served in lung homogenates and spleen 
cells of BlOA as compared to B10 (not 
shown). 

Glucocorticoids produce their biologi- 
cal action by binding to cytosolic recep- 
tors. The steroid-receptor complex is 

then translocated to the nucleus where it 
induces a nondialyzable protein called 
macrocortin (14) or lipomodulin (15), 
which depresses prostaglandin and 
thromboxane production by inhibition of 
phospholipase A2. Our study shows that 
glucocorticoid receptor levels corre- 
spond to the anti-inflammatory hormonal 
action of inhibition of prostaglandin and 
thromboxane synthesis from arachidonic 
acid in thymocytes and that this level is 
influenced by the H-2 histocompatibility 

Table 1. Glucocorticoid binding by lung cytosol and thymocytes of B10 and BlOA mice. The mice were decapitated, and the thymus and lungs 
were removed and placed in ice-cold RPMI medium. The thymus was grated on a steel wire gauge in the presence of medium, and a cell 
suspension (1 x lo7 to 2 x lo7 cells per milliliter) was used for determination of glucocorticoid receptor level by the method of Katsumata et a[ .  
(8) .  Cell suspension (2 ml) was added in a series of tubes containing 5 to 100 nM [3H]dexamethasone with or without 10 pM unlabeled 
dexamethasone and incubated for 1 hour at 3 7 T ,  with occasional shaking. At the end of the incubation period, 4 ml of medium was added to each 
tube, and the tubes were centrifuged at 800g. The pellet was washed twice with 2 ml of 50 mM tris buffer containing 120 mM NaCl and 1 mM 
CaCl,, pH 7.7, and centrifuged. The resulting pellet was homogenized in 1 ml of buffer. Portions of the homogenate were transferred for the 
measurement of radioactivity, protein, and DNA. The rest of the homogenate was centrifuged at 800g for 10 minutes for preparation of a nuclear 
pellet and washed twice with 2 ml of buffer. The nuclear pellet was suspended in 1 ml of buffer and used for the determination of radioactivity, 
protein, and DNA. The specific binding of dexamethasone was determined by subtracting the binding in the presence of 10 pM unlabeled 
dexamethasone from the binding found in its absence. Scatchard plots were drawn for both whole cell binding and nuclear binding of 
dexamethasone binding sites, and dissociation constants were obtained from the Scatchard plot in each determination. The lungs were 
homogenized 1 : 2 (weight to volume) in the buffer, and the cytosol was prepared by centrifuging the homogenate at 100,000g. The supernatant (0.2 
ml) was incubated with 10 to 100 nM [3H]dexamethasone in the presence or absence of 10 p,M unlabeled dexamethasone at 4°C for 2 hours. At the 
end of the incubation period, free dexamethasone was removed with 0.2 ml of 0.5 percent charcoal containing 0.005 percent dextran in the buffer. 
After a lo-minute wait at 4'C, the tubes were centrifuged at lOOOg for 10 minutes. The supernatant was used for the determination of radioactivity 
and protein concentration. Specific binding of dexamethasone, the concentration of binding sites, and the dissociation constants were determined 
as described above. The data represent means * standard deviations (S.D.) of four to six sets of experiments for each sex and each tissue. 

Binding sites (pmole) 
Kd 

Thymus Lung 
Strain Sex Preparation 

Per milligram Per milligram Per milligram Thymus Lung 
of protein of DNA of protein ( X  lO-'M) ( X  ~ o - ~ M )  

BlOA Male Whole cell 4.16 t 1.14 7.28 * 1.28 6.31 * 2.67 
Nucleus 3.80 t 0.84 3.47 t 1.11 5.85 t 1.95 
Cytosol 0.062 i 0.006 2.60 t 0.80 

Female Whole cell 4.87 t 0.41 6.53 t 1.28 6.46 t 1.65 
Nucleus 3.89 t 0.82 5.45 t 1.9' 4.64 * 1.50 
Cytosol 0.143 t 0.022 4.53 * 1.42 

B10 Male Whole cell 2.33 * 0.93* 3.17 t 0.951 3.41 t 0.92$ 
Nucleus 1.54 t 0.76$ 1.39 * 0.611 1.67 * 1.051 
Cytosol 0.031 t 0.0051 1.80 * 0.70 

Female Whole cell 2.13 t 0.71t 2.82 t 0.81$ 3.15 t 1.02$ 
Nucleus 2.18 * 0.63$ 2.53 t 0.32$ 1.89 t 0.55$ 
Cytosol 0.073 F 0.008$ 3.10 t 1.73 

*P < .001. tP < ,005. $P < .01. The probabilities are associated with Student's t-test of the differences between corresponding values in BlOA and B10. 

Table 2. Inhibition of prostaglandin production by dexamethasone in B10 and BlOA thymocytes. The thymocytes from B10 and BlOA male mice 
were prepared in 0.15M phosphate buffer containing 0.9 percent NaCl and 0.1 percent gelatin with a procedure similar to that described in Table 
1. Two milliliters of thymocyte preparation (1 x lo7 to 2 x 10' cells) were incubated in the presence of zymosan (250 pgiml) to stimulate 
prostaglandin production (26) with or without dexamethasone (20 and 100 pM) at 37'C for 3 hours. The reaction was stopped by adding 10 ml of 
ethyl acetate. Prostaglandins in the incubation mixture were extracted with ethyl acetate and dried under N,. The dried residue in the tubes was 
dissolved in 1 ml of ethanol, and portions were used for prostaglandin estimation with a radioimmunoassay procedure (27). The antibodies used 
for 6-ketc-PGF1,, TXB,, and PGF,, were specific, whereas the antibody used for testing PGE, also cross-reacts with PGE,, PGAl, and PGA,. 
Percent inhibition was determined by dividing the amount of product made in the absence of dexamethasone minus the amount of product made 
in the presence of dexamethasone by the amount of product made in the absence of dexamethasone and multiplying the result by 100. Data 
represent means t S.D. from 24 determinations for each prostaglandin or thromboxane and for each thymus. 

Control production (pgIlO6 cell) Percent of inhibition 

Product With 20 FM dexamethasone With 100 FM dexamethasone 
BlOA B10 

BlOA B10 BlOA B10 

*P < .001. t,P 5 .00001. $P < .05. The probabilities are associated with Student's t-test of the differences between corresponding values in BlOA and 
B10. §Not slgnlficant. 
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complex. These findings are consistent 
with the increased thymolytic responses 
of glucocorticoid produced in the BlOA 
strain (12, 13). Although the biochemical 
pathway of growth arrest is quite com- 
plex, it may eventually be shown that 
inhibition of prostaglandins, thrombox- 
anes, or other arachidonic acid metabol- 
ic products are involved in the thymolyt- 
ic effect of glucocorticoids. The present 
findings may also be related to those 
concerning susceptibility to cortisone- 
induced cleft palate (1-7). Glucocorti- 
coid receptor levels also correspond to 
the glucocorticoid responses of palatal 
clefting, and this is also influenced by the 
H-2 complex (7, 8). Although it cannot 
be said with certainty that the H-2- 

linked increased receptor level accounts 
for the susceptibility phenotype, gluco- 
corticoid action in palatal clefting also 
depends on the arachidonic acid path- 
way inasmuch as teratogenicity can be 
considerably reversed by exogenous ara- 
chidonic acid (16, 17). 

The dissociation constants of the re- 
ceptor-dexamethasone complex in the 
thymocytes and nuclei of each sex of the 
B10 strain are significantly lower than 
those of the BlOA strain. This could be 
due to an influence of H-2 on the thymus 
receptor binding site or on the presence 
of modifiers of binding in the thymus. 
There is evidence that H-2 influences the 
presence of low molecular weight modi- 
fiers in the liver that affect binding of 
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Fig. 1. Glucocorticoid-binding activity in thymocytes of (B) B10 and (a) BlOA male mice. 
Details of the experiment are described in the legend of Table 1. Data represent means i S.D. 
from six sets of experiments for each strain of mice. The inset shows a Scatchard plot of the 
binding data. For BIOA, the number of binding sites was 67.5 fmole of [3H]dexamethasone per 
lo6 cells, and Kd = 8.2 x 10-'M. For B10, the number of binding sites was 35.5 fmole of 
[3H]dexamethasone per lo6 cells, and Kd = 4.6 X 

Dexamethasone  bound ( x ~ o ' ~ * M )  

Dexamethasone (nM) 

Fig. 2. Glucocorticoid-binding activity in lung cytosol of (m) B10 and (a) BlOA male mice. 
Details of the experiment are described in the legend of Table 1. Data represent means +. S.D. 
from four sets of experiments for each strain of mice. The inset shows a Scatchard plot of the 
binding data. For BIOA, the number of binding sites was 66.6 fmole per milligram of protein, 
and Kd = 1.3 X 10'-8M. For B10, the number of binding sites was 33.3 fmole per milligram of 
protein, and Kd = 1.0 X 10-'M. 

dexamethasone to its receptor (9). The 
locus for the major glucocorticoid recep- 
tor is on chromosome 18 (21). Therefore, 
the H-2 region on chromosome 17 either 
codes for a different receptor or has an 
indirect effect on the major receptor. 

H-2-linked differences in receptor 
content have been reported for other 
hormones, such as estrogen (22), insulin 
(23), and glucagon (24). Androgen level 
is also controlled by the H-2-linked com- 
plex (25). These results suggest that the 
H-2 complex influences a variety of hor- 
mone actions. 
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