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We studied the subcellular distribution of the glucocorti-
coid receptor (GR) by light microscopy (LM) and confocal
laser scanning microscopy (CLSM) in different mammalian
cell types. The effect of added glucocorticoid hormones on
GR distribution was investigated by photometric quantita-
tion on optical sections obtained by CLSM followed by
statistical analysis. In the control interphase cytoplasm, the
distribution of GR was fibrillar in some and diffuse in other
cell types. Fibrillar GR was distributed along cytoplasmic
microtubules (MTs) with predilection for a subset of MTs.
GR was also observed in the centrosomes. Nuclear GR was
both diffuse and granular in distribution. During cell division,
GR appeared in the mitotic apparatus at all stages of mito-
sis. These findings were not fixation-dependent. Glucocot-
ticoid treatment increased both the nuclear and cytoplas-

Introduction

Present knowledge regarding the subcellular localization of gluco-
corticoid receptor (GR) indicates that it may be unique among the
various receptors in the steroid receptor superfamily of genes (32).
There is evidence that GR, in contrast to most other family mem-
bers, exhibits both nuclear and extranuclear distribution (6,12,17,
22,44). Different immunolocalization results have been presented
regarding the extranuclear GR pool; (a) the extranuclear and nu-
clear pools are stable, regardless of the presence or absence of glu-
cocorticoid hormone (17,22); and (b) part of o the entire cytoplas-
mic pool moves to the nucleus in the presence of ligand (6,12,44).

Regarding the precise subcellular distribution, GR has been

! Supported by a grant from the Swedish Medical Research Council,
No. 13X-2819.

2 Cotrespondence to: Dr. Gunnar Akner, Dept. of Medical Nutrition,
Karolinska Institute, Huddinge University Hospital, Novum F60, S-141 86
Huddinge, Sweden.

Morphometric Studies of the Localization of the
Glucocorticoid Receptor in Mammalian Cells and of
Glucocorticoid Hormone-Induced Effects'

GUNNAR AKNER,? ANN-CHARLOTTE WIKSTROM, KARIN MOSSBERG,
KARL-GOSTA SUNDQVIST, and JAN-AKE GUSTAFSSON

Departments of Medical Nutrition (GA,ACW,JAG) and Clinical Immunology (KGS), Karolinska Institute,
Huddinge University Hospital, Huddinge, Sweden, and Department of Physics IV (KM),

Received for publication August 18, 1993 and in revised form November 10, 1993; accepted December 13, 1993 (3A3119).

mic GR signal. However, this was detectable only after
precipitating but not cross-linking fixation. There was both
intra- and intercellular GR heterogeneity in the absence and
presence of hormone but no indication of 2 hormone-induced
nudlear translocation of GR. We present a hypothetical model
of two independent GR populations in the nucleus and
cytoplasm, respectively, without any discernible ligand-
induced nuclear translocation of GR. The extranudlear GR
population may exert effect(s) on site in the cytoplasm with-
out involving nuclear genomic transcription. ( J Histochem
Cytochem 42:645-657, 1994)

KEY WORDS: Glucocorticoid receptor; Localization; Nuclear trans-
location; Mammalian cells; Immunocytology; Fixation; Confocal laser
scanning microscopy; Photometry; Microtubule; Hetetogeneity.

reported to be present in the plasma membrane (16), in the nu-
clear envelope (21), and distributed along cytoplasmic and mitotic
microtubules (MT5) (2,3). However, it has also been claimed that
GR is present solely in the nucleus both in the presence and ab-
sence of hormone (10,31). These reports suggest that the previously
reported cytoplasmic signal is caused by artifactual leakage of GR
due to inadequate fixation during sample preparation. Further-
more, overexpressed heterologous GR has been shown to im-
munolocalize only to the nucleus, regardless of hormonal state (39).

From the voluminous literature regarding localization of GR,
there is no consensus concerning whether a ligand-induced nuclear
translocation from cytoplasm to nucleus exists. Several nuclear lo-
calization signals in GR have been defined, and t1 for the nu-
clear translocation of GR has been reported to be around 5 min
(34). However, no mechanistic evidence exists as to how such a nu-
clear translocation could be accomplished. The cytoplasmic pool
of GR has been assumed to constitute a storage form of GR, await-
ing a proper activating signal to detach it from its putative mul-
tiprotein anchoring complex (36) and to move it into the cell nu-
cleus, where it participates in regulation of transcriptional activity.
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We have previously presented immunocytological evidence that
GR is located in both the interphase cytoplasm and in the cell nu-
cleus in human fibroblasts (2,3). In this study we further analyze
the immunocytological localization of GR using various mammalian
cell types, cell culture conditions, and detection techniques, with
empbhasis on the effect of added glucocorticoid hormones.

Materials and Methods
Cells

The following mammalian cell types were studied:

Primary Cultures or Isolated Cells. We studied: (a) male and female
human gingival and skin fibroblasts from healthy donors aged 15-40, de-
rived from explants of biopsies from the vestibular gingival mucosa or skin
(abdominal and gluteal regions), used between serial passage 3-20; (b) hu-
man lymphocytes isolated from buffy coats; (c) human thymocytes, iso-
lated from human thymus excised during open chest surgery; and (d) mouse
spleen lymphocytes.

Cell Lines. The following cell lines were used: (a) 3T3; (b) L-929; (c)
HeLa; (d) MCE-7; (¢) CV-1; (f) H-4-IIE (HTC); (g) a human mesothelioma
cell line established in our laboratory from a mesothelioma obtained by
thoracocentesis; (h) CHO; and (i) C127L

Cell Culture

All cells except the lymphocytic cell types were serially subcultured with
a split ratio of 1:8 as monolayers on ethanol-washed, heat-sterilized, 18 x

18-mm glass coverslips (Chance Propper; Waple, UK) in incubators with
a moist atmosphere of 5% CO2 (1-929 in 10% COz) and 95% air in 35-mm
wells in plastic culture cluster dishes (Nunc; Roskilde, Denmark). The stan-
dard medium was Eagle’s minimum essential medium (MEM) containing
28 uM phenol red supplemented with 2 mM L-glutamine, 60 mg/liter
(100,000 IU/liter) benzylpenicillin, 100 mg/liter streptomycin sulfate, and
8% (v/v) heat-inactivated (56°C, 30 min) fetal bovine serum (FBS). The
cortisol content of the FBS was <2 nM (lower than the detection limit for
the radioimmunoassay). After dilution of the FBS > 10 times to the final
medium concentration of 8% (v/v), the concentration of bovine glucocor-
ticoids to which the cells were exposed in the standard experiments was
therefore at most 0.2 nM, well below the KD for GR in human fibroblasts
(3,15). In some experiments the FBS was treated with dextran-coated char-
coal (DCC). In other experiments the medium was changed to Dulbecco’s
modified Eagle’s MEM (DMEM) containing 2 or 4.5 g/liter glucose, respec-
tively, compared with 1 g/liter glucose in Eagle’s MEM. Other changes were
using phenol-free medium, no addition of serum and/or antibiotics, and
changing FBS to human AB serum. Some cell types required special cul-
ture conditions: CHO cells were cultured in Ham’s F12 medium without
phenol red, supplemented with 2 mM L-glutamine, 10% (v/v) FBS, and
50 pg/ml gentamycin. HeLa cells were cultured in RPMI 1640 with L-glu-
tamine, antibiotics, and serum as described above. MCE-7 cells were cul-
tured in RPMI 1640 without phenol red, supplemented with the same three
standard components and non-essential amino acids.

Manipulation of Cell Cultures

Cells were treated with five different glucocorticoid hormones, both lipophilic
and hydrophilic: dexamethasone, dexamethasone phosphate, triamcinolone
acetonide, cortisol, and cortisol Na-succinate. The dose range used was 107
to 10 M, and exposure times wete 30 min—-24 hs. Control cultures were
exposed only to the vehicle (ethanol or water).
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Fixation/Permeabilization

- After removal of the culture medium, two standard fixation techniques

were routinely compared: (a) 4% formaldehyde in PBS at 4°C for 10 min-16
hr, followed by 0.5% Triton X-100 for 30 min-16 ht, followed by wash with
PBS. This process was designated “F/T”" Triton X-100 was in some experi-
ments exchanged for other detergents, such as 0.24% SDS, 0.017% Nonidet
P40 (NP40), or 0.05% Tween 20. Various combinations of aldehyde/deter-
gent concentrations were also tried, i.e., formaldehyde 2-4% and Triton
X-100 0-0.5%; and (b) methanol at —20°C for 5-15 min, followed by re-
hydration with PBS for 30 min~2 hr. This process was designated “M.” Other
combinations of fixatives used were methanol followed by 80% acetone
in water, or 4% formaldehyde followed by methanol and/or 80% acetone.
Except for lymphocyte stainings, where samples wete sometimes air-dried
before fixation with formaldehyde, great care was taken not to allow drying
of the cells at any time during the entite staining procedure.

Immunostaining Procedure

Cell cultures were regularly stained on the first to third day of subculture
and the entire procedure was cartied out in sequence during the same day.
Both single and double immunostaining were used. All incubations and
washes were performed at room temperature. PBS buffer (3) was used for
dilution and washes and the substitute for primary or secondary antibod-
ies. After fixation/permeabilization and PBS wash, the first antibody (or
mixture of antibodies) was applied and incubated for 60-120 min, followed
by a wash in PBS for 10 min and detection.

Three different detection systems wete used: (a) Indirect immunofluo-
rescence technique: the second, fluorochrome-conjugated antibody (or mix-
ture of antibodies) was added and incubated for 45-60 min. After two PBS
washes, the coverslips were mounted upside down on glass slides (Menzel
Gliser; Braunschweig, Germany) in 50% glycerol in PBS. (b) Indirect im-
munoperoxidase technique [Vectastain ABC mouse kit (avidin-biotin-per-
oxidase)): the substrate was diaminobenzidine tetrahydrochloride (DAB)
diluted in PBS. Final concentration of DAB was 0.55 mg/ml and of H,0O,
0.0045%. Substrate incubation time was 5-15 min, followed by two washes
in distilled water and mounting. (c) indirect immunogold technique: this
used a colloidal gold-labeled secondaty antibody (particle size 1 nm) fol-
lowed by washes and mounting as described above. Microscopic examina-
tion and microphotography of the immunofluorescence-stained specimens
were performed as previously described (3). The film exposure times were
3-30 sec. All pictures were taken using immersion oil (Nikon; Tokyo, Ja-
pan). The immunoperoxidase- and immunogold-stained samples were ex-
amined with a Nikon Labophot mictoscope and photographed with a Nikon
FE camera using Kodak Tri-X Pan 400 ASA black-and-white film.

Chemicals

Cell media and supplementary components were purchased from Gibco
(Uxbridge, UK). Dexamethasone and triamcinolone acetonide were an-
alytical grade products obtained from Sigma (St Louis, MO). Dexametha-
sone Na-phosphate (Decadron) was purchased from MSD (Rahway, NJ) and
hydrocortisone Na-succinate (Solu-Cortef) from Upjohn (Kalamazoo, MI).

Antibodies

Primary Antibodies. The anti-GR antibodies are all produced in our
laboratory (29) and are designated as: (a) monoclonal mouse anti-rat liver
GR IgM (MAD1), used as protein A-purified ascites at a final protein con-
centration of 20 pg/ml; (b) monoclonal mouse anti-rat liver GR IgG,
(MADbS), used as protein A-purified ascites at 20 ug/ml; (c) monoclonal
mouse anti-rat liver GR IgG2, (MAb7). This antibody was used as either
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Table 1. Photometric GR intensities in various compariments on optical sections of human fibroblasis®

Mean value of integrated intensity Mean of
(atbitrary units, ded off to th ds) Mean ratio (%) Mean intensity pet pixel individual ratios
n c w n/c n/w n [ w n/c nlw
M dex (n = 43) 52,000*** 393,000** 445,000%* 15.4* 13.2* 5%+ 17* 18%* 3.6""* 3.2%%»
M control (#» = 48) 32,000 289,000 321,000 12.8 11.1 37 15 16 2.7 24
FIT dex (» = 54) 88,000 751,000 839,000 13.2 11.5 99 36 38 2.8 2.6
F/T control (m = 63) 86,000 716,000 802,000 13.8 11.9 102 37 40 2.8 2.6

2 Effect of dexamethasone (1 uM; 1.5 hr) on the photometric fluotescence intensity of GR expressed in arbitrary units in 2-pm thin transverse optical sections of the
nucleus (n), cytoplasm (c), and whole cell (w) of human fibroblasts, comparing different fixations [methanol (M) vs formaldehyde/detetgent (F/T)), using anti-GR MAb7
at a final protein concentration of 20 pg/mi. Also included are the mean n/c and n/w ratios and the intensities corrected for the measured number of pixels in each compart-
ment, as welf as the mean of individual n/c and n/w ratios (“pixeled quotients™). Statistically significant differences between hormone treatment and control within each
pair are indicated *** £<0.001, **$<0.01, *5<0.05 (sce also text). Values within patenthesis represent the number of obsetvations for each variable. Identical settings were
used in the CLSM scanning, so all the intensity values in the table are directly comparable.

-

Figure 5. Effect of various fixations and hormone treatment on GR distribution. CLSM-produced transverse, optical sections of human gingival interphase fibro-
blasts monostained for GR, (a,c,e) before and (b,d,f) after dexamethasone treatment (1 uM; 1.5 hr) using M (a—d) and F/T (ef) fixation followed by anti-GR MAb7.
Note the heterogeneous pattern in relative nic GR signal in M-fixed cells (a,c) compared with F/T-fixed cells (e). Bar = 30 um.
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tive proportions compared with controls, i.e., 62% (#<0.001), 36%
(£<0.01), and 39% ($<0.01), respectively. In addition, the nucleus-
to-cytoplasm (n/c) and the nucleus-to-whole cell (n/w) intensity
ratio increased significantly. Therefore, the nuclear GR exhibited
a stronger average increase than cytoplasmic GR. Since F/T fixa-
tion did not reveal any statistical differences, hormone treatment
reduced the difference in average GR intensity in both nuclei and
cytoplasm between the two fixations from = 2.5 to = 1.9, indicating
a lower general degree of GR extraction after hormone treatment
and M fixation. In addition, the pixel-cotrected values increased
significantly after hormone treatment, as did the corresponding
“pixeled quotients.”

Mizosis

GR was present in the mitotic spindle apparatus through all stages
of mitosis (Figures 7a-7d). There was usually a sharper GR stain-
ing of the mitotic apparatus after fixation by F/T compared with
M, probably due to more extensive extraction of extra-spindle GR
when detergent was used rather than alcohol (cf. Figures 7e and
7f). GR was found mainly in kinetochore but also in astral and
probably polar M. The centrioles at the spindle poles usually con-
tained GR immunoreactivity (Figure 7b).

Comparison with Other Mammalian Cell Types

Under basal culture conditions we observed a similar inter- and
intracellular heterogeneity of GR staining as in fibroblasts in sev-
eral other cell types, before (Figure 8a) or after (Figure 8b) hor-
mone treatment. A fibrillar staining pattern, as in human fibro-
blasts, was seen in mouse 37T3 cells. Sometimes we observed a fibrillar
pattern in the cellular periphery, e.g., in MCE-7 cells and HeLa cells
(not shown), especially after F/T fixation. However, the cytoplas-
mic GR signal in HTC cells (Figures 8a and 8b), mesothelioma cells
(Figure 8c), L-929 cells (Figure 8e), and CV-1 cells (not shown)
was predominantly diffuse, including peripheral areas close to
the plasma membrane, even though the cells contained a typical
MT network (Figure 8d). In mouse L-929 cells we observed weak,
diffuse cytoplasmic GR staining, together with one intensely GR-
stained cellular protrusion, on virtually all cells (Figure 8e). All
lymphocytic cell types studied exhibited various degrees of diffuse
extranuclear GR signal, with much less nuclear staining (Figure 8f).
GR was present in the mitotic spindle apparatus in all cell types
studied, except for lymphocytes, in which no dividing cells were
seen. The effect of glucocorticoid treatment in the other cell types
was similar to that in fibroblasts, as judged by visual analysis in
the microscope. However, we did not undertake a corresponding
statistical analysis on optical sections, as with the fibroblasts.

Comparison of Different Cell Culture
Medium Compositions

The GR staining pattern did not show any significant changes in
any of the studied cell types depending on the presence or absence
of serum, DCC-treated or untreated serum, fetal bovine serum or
human AB serum, antibiotics, phenol red, or increase of the glu-
cose concentration in the medium from 1 to 4.5 g/liter (not shown).
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Discussion

The four anti-GR antibodies used in this study (all developed against
purified activated rat liver GR) recognize different epitopes in the
N-terminal domain (immunodominant = transactivating domain)
of both the non-activated and the activated GR (29). MAb7 has
been further epitope-mapped to the amino acid interval 119-273
of the rat GR (38). The darta presented here show that all four anti-
bodies crossreact well with human gingival fibroblast GR.

GR staining was observed in fibroblasts, epithelial cells and lym-
phocytic cells, representing primary cultures or cell lines from two
embryonic germinal layers (entoderm and mesodetm), derived from
five mammalian species, both primates and non-primates.

Nuclear GR

Previously, the nuclear GR distribution has mostly been reported
to be diffuse (17,22,44); however, in line with our findings, it has
been reported that overexpressed heterologous mouse GR is dis-
tributed in a non-random, mottled pattern throughout all planes
of the CHO cell nuclei in both the absence and presence of gluco-
corticoid hormones (26). Steroid receptor complexes have been
reported to associate with RNP particles (23). Antibodies against
several different small nuclear ribonucleoproteins (snRNPs) are
known to give rise to a granular nuclear immunofluorescence pat-
tern (37,43). It is therefore possible that GR is present in snRNP
particles.

Extranuclear GR

There was strong extranuclear GR staining after both standard fix-
ations. The average relative n/w GR distribution was about the same
for both fixations. However, F/T yielded a much stronger GR sig-
nal, indicating a large degree of GR extraction by M. The similar-
ity in GR distribution after both cross-linking and precipitating
fixations strongly indicates that we observe the actual intracellular
GR distribution and not an artifactual redistribution of receptor
followed by recapture by cytoplasmic components, as suggested by
Brink et al. (10).

The difference in cytoplasmic GR disttibution between differ-
ent cell types is in line with a previous investigation (44) demon-
strating that the cytoplasmic GR pattern is fibrillar in NHIK cells
and non-fibrillar in HTC cells. The observed difference in cyto-
plasmic GR distribution between fibroblasts of different origin,
i.e., fibrillar in human primaty culture fibroblasts and mouse 3T3
cells and non-fibrillar in mouse L-cells, may be explained by differ-
ences in MT resolution, MT development (11), or may reflect differ-
ence(s) in physiological function(s) of GR. In cells with a fibrillar
GR distribution, the difference in staining intensity between neigh-
boring GR-stained fibrils may indicate that GR exhibits a predilec-
tion for a subset of MTs. However, although the interphase cyto-
plasmic GR staining pattern could be either MT-like or diffuse,
depending on cell type, there was always a conspicuous co-distri-
bution between GR and mitotic MTs in dividing cells. The GR stain-
ing of lymphocytic cells agrees with previous results (16,24).

Our results indicate that there may exist an extranuclear pool
of GR that remains quite constant independent of the glucocorti-
coid hormone status of the cell. This GR pool seems to be, at least
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in some cell types, organized in a fibrillar manner that co-localizes
well with cytoplasmic MTs. The physiological significance of this
extranuclear GR pool is unclear. No specific function has been as-
cribed to a cytoplasmic non-activated or activated GR. There are data
indicating that glucocorticoid hormones or GR may interact with MTs
and possibly exert non-genomic effects (3,8,9,40). Hypothetically,
there are also several other possibilities regarding the nature and
function of the extranuclear GR pool. It might represent (a) newly
synthesized GR, (b) a functionally inactive repository, (c) a modu-
lator of extranuclear genomic activity, as mitochondria and also pos-
sibly the centrosome (14) contain DNA, (d) direct regulation of
MT assembly without involvement of transcriptional regulation,
ot (€) GR might use MTs as intracellular transportation tracks (36).

The association of GR with the centrioles during the entire cell
cycle and with the mitotic spindle apparatus throughout cell divi-
sion represents the first demonstration of a hormone receptor local-
ized in the mitotic spindle, suggesting that GR may participate
in the regulation of the structure and function of the mitotic ap-
paratus and thereby cell growth in vivo. Another possibility is that
spindle association ensufes equal distribution of GR to the two
daughter cells.

Effect of Glucocorticoid Hormones

Photometry on optical sections revealed that ghicocorticoids induced
a statistically significant increase in both nuclear (60%) and cyto-
plasmic (35%) average GR intensity, as well as increased n/c and
n/w ratios. However, these results were detectable only after M but
not aftet F/T fixation. The findings that (a) precipitating and cross-
linking fixation produced similar GR distributions but different
GR intensities in the various compartments, and (b) glucocorti-
coid hormones followed by precipitating fixation induce a stronger
GR intensity in all compartments and reduce the intensity differ-
ence compared to cross-linking fixation, indicate that these two
standard fixations extract various amounts of GR from cells. The
different increments in GR intensity in the two compartments may
be due to a higher degree of M-induced extraction of GR from the
cytoplasm than from the nucleus, indicating that cytoplasmic GR
may be mote loosely bound to its docking sites than nuclear GR.
With F/T fixation it was not possible to detect any change in GR
distribution ot intensity, neither visually nor by statistical analysis
of photometric data. This may be a consequence of 4% formalde-
hyde cross-linking nuclear and cytoplasmic GR equally strongly in
the presence or absence of hormone, thereby preventing detergent-
induced extraction. Taken together, these results argue against a
hormone-induced nuclear translocation of GR. Fixation-dependent
variations in relative nuclear to cytoplasmic distribution has previ-
ously been reported for other proteins, e.g., hsp90 and p59 (18).

On the basis of these observations, we propose the following
hypothetical model. During basal culture conditions, GR is local-
ized in both the cell nucleus and the cytoplasm. Treatment of cells
with glucocorticoid hormones does not induce any major intracel-
lular redistribution of GR but changes the affinity of GR for its
intracellular docking sites, whether nuclear or cytoplasmic. This
hormone-induced functional change in affinity is not detectable
on cross-linking fixation. After precipitating fixation, however, more
GR is retained in both nuclei and cytoplasm in hormone-treated
cells compated with controls. Since the average increments are differ-
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ent in nucleus and cytoplasm, respectively (see above), this may
give rise to a false visual impression of a hormone-induced appat-
ent nuclear translocation of GR.

The hypothetical model implies the intriguing possibility that
GR is independently and simultaneously activated on site in both
the nucleus and the cytoplasm. This interpretation may be con-
founded by certain factoss. (a) The anti-GR antibodies are pro-
duced against activated GR and may therefore display a higher af-
finity for the activated than the non-activated receptor form. We
have, however, no evidence for such a difference based on Western
immunoblotting of cytosolic GR. (b) Hormone-induced up-
regulation (new synthesis) of GR is known to peak after around
6 hr (28) and may therefore already play a role after 1.5 hr. Assum-
ing no difference in fixation-induced extraction of GR from the
cells for various fixation techniques, both these putative confound-
ing factors should give rise to increased GR intensity after hormone
treatment, regardless of the fixation method employed. Since this
was not the case, the extraction model presented above is favored.

The presented results were obtained with standard culture con-
ditions in the absence or presence of glucocorticoid hormones. Simi-
lar results were obtained with a variety of culture conditions in fi-
broblasts and vatious other mammalian cell types. Therefore, the
conclusions from the detailed analysis on fibroblasts regarding
hotmone-induced effects can probably be extended to the other
mammalian cell types examined. We emphasize that we have never
observed a complete glucocorticoid-induced cytoplasm-to-nucleus
translocation of GR, as has been reported in several papers (19,30,34)
regardless of mammalian cell type, medium composition, hotrmone
dose, type of glucocorticoid, incubation time, fixation technique,
or anti-GR antibody. The presented hypothesis on GR contrasts
to the heat-induced reversible nuclear translocation of hsp90 dut-
ing similar experimental conditions (1). This process occurs in vir-
tually all cells in a monolayer and is accompanied by a simultane-
ous measurable decrease in cytoplasmic hsp90 staining intensity.

Heterogenesty

The observed inter- and intracellular heterogeneity of GR in the
non-synchronous monolayer cell population under basal culture
conditions ate in line with previous immunolocalization data re-
garding GR (7,22,25), esttogen feceptoss (27,35), and progester-
one receptors (33). Therefore, receptor heterogeneity seems to tep-
resent a general feature among steroid hormone receptots and may
reflect various stages in the cell cycle (33) or genetic heterogeneity
(13,20).

Comparison with Previous Studies on
GR Distribution

There ate several previous reports arguing against a glucocorticoid
hormone-induced nuclear translocation. In some, there has been
a predominantly or exclusively nuclear localization of both non-
activated and activated GR (10,26,31); in others, similar cytoplas-
mic and nuclear GR disttibutions have been observed with or with-
out hormone treatment (17,22). It is evident from several studies
on the effect of hormone treatment that it has not been consis-
tently possible to demonstrate an increased nuclear immunostain-
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ing coupled to a diminution of cytoplasmic signal, as would be
expected for a true translocation event. In several published reports,
an increased average cellular GR intensity is seen after glucocorticoid
treatment (6,12,44), without any convincing sign of actual compart-
ment shift. A similar difference in intensities is also observed after
adrenalectomy followed by substitution with glucocorticoids (5,31).

We believe that part of the controversy in the field of GR local-
ization is due to the fact that results from immunocytology and
immunohistology have been compared directly, even though these
methodologies differ significantly in sample preparation techniques.
Another problem is that sometimes only very few cells have been
shown to illustrate the findings, which may represent selection bias.
Several investigators have used artificial GR-overexpressing systems,
full-length, various deletion mutants, or fusion proteins (4,34,39).
Since these studies employed transfected cell lines with overexpressed
heterologous GR, it is difficult to compare these studies with those
analyzing endogenous GR.
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