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Mineralocorticoid Receptor, Heat Shock Proteins and Immunophilins Participate in the Transmission of the Tubulogenic Signal of Aldosterone
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Abstract: Aldosterone exhibits a tubulogenic activity on renal stem/progenitor cells. Little information is available about
the signaling between the mineralocorticoid receptor (MR) and the proteins in the cytoplasm. To obtain information, renal
stem/progenitor cells from neonatal rabbit were cultured at the interface of an artificial polyester interstitium in a perfusion container for 13 days. Development was registered with Soybean Agglutinin (SBA). Microscopy revealed that treatment with aldosterone (1 x 10-7 M) resulted in numerous SBA-labeled tubules. Interference with mineralocorticoid receptor (MR) and heat shock protein (hsp) 90 using geldanamycin (3,6 x 10-6 M) or radicicol (1 x 10-6 M) showed a lack of tubule development. Disturbing MR and hsp 70 with quercetin (2 x 10-4 M) and KNK 437 (1 x 10-4 M) generated SBAlabeled cell cluster but not structured tubules. Interference with MR and immunophilins by cyclosporin A (2 x 10-6 M) and
rapamycin (2,2 x 10-9 M) did not influence the generation of numerous SBA-labeled tubules. In contrast, administration of
FK 506 (2 x 10-8 M) resulted in a lack of tubule development. Thus, the signal for development of tubules induced by aldosterone is mediated by interaction of MR, hsp 90, hsp 70 and immunophilin FKBP 12.
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INTRODUCTION
Theoretical and practical considerations about the application of stem/progenitor cells in renal injury and repair are
the subject of intense biomedical and clinical research [1-4].
The future success of this therapeutic strategy will depend on
an adequate integration of stem cells in the diseased organ
and on the capability to regenerate functional nephron segments within a patho-physiological environment [5-7]. However, a complicated organ such as the kidney comprising
numerous different cell types and exhibiting a sophisticated
three-dimensional structure makes it difficult to follow stem
cell development during the process of regeneration [8-14].
To simulate the specific spatial environment within the
kidney and to learn more about nephron regeneration sophisticated culture techniques are required. Previous investigations demonstrated that an optimal environment for the spatial development of tubules derived from renal
stem/progenitor cells can be created at the interphase of an
artificial interstitium made of polyester fleece [15-19]. To
maintain controlled nutrition and provision with oxygen,
perfusion culture was performed that allowed continuous
provision with fresh chemically defined medium [20].
While performing these innovative culture experiments at
the interphase of an artificial interstitium, it was discovered
that aldosterone exhibits a tubulogenic effect on renal
stem/progenitor cells [21]. The development of tubules was
revealed to be dependent on hormone concentration and
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temporal application. Formation of tubules could be inhibited by spironolactone and canrenoate in a concentrationdependent manner. The tubulogenic effect of aldosterone
could not be mimicked by other steroid hormones such as
testosterone and estrogen or by molecular precursors of the
synthesis pathway such as cholesterol, pregnenolone, progesterone, 11-desoxycorticosterone or corticosterone. Lack of
tubule development after dexamethasone treatment demonstrated that the tubulogenic effect of aldosterone is related to
the mineralocorticoid receptor (MR) and not to the glucocorticoid receptor (GR).
The intracellular processing of the tubulogenic signal
evoked by aldosterone is unknown [22]. Earlier experiments
demonstrated that MR is not randomly distributed within the
cytoplasm of the target cell but stays in close molecular contact with hsp 90 and 70 [23]. Both proteins, in turn are in
close proximity to immunophilins especially FKBP 12 [24].
To obtain insights into the intracellular processing of the
activated MR and the related tubulogenic signal renal
stem/progenitor cells were treated with aldosterone in combination with substances that disrupt the interaction between
MR, hsp 90, hsp 70 and immunophilins. Thus, cultures were
performed in the presence of geldanamycin, radicicol, quercetin, KNK 437, cyclosporine A, rapamycin and FK 506
respectively. Our data suggest that hsp 90, hsp 70 and immunophilin FKBP 12 are strongly involved in the tubulogenic effect of aldosterone.
MATERIALS AND METHODS
Isolation of Embryonic Explants Containing Renal
Stem/Progenitor Cells
One day old New Zealand rabbits were anesthetized with
ether and killed by cervical dislocation as described earlier
2008 Bentham Open
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[19]. Both kidneys were removed immediately. Each kidney
was dissected into two parts. By stripping off the capsula
fibrosa with fine forceps, a thin embryonic tissue layer containing numerous collecting duct ampullae, S-shaped bodies
and nephrogenic mesenchyme was harvested. The isolated
embryonic renal tissue was placed between two punched out
layers of polyester fleece (Walraf, Grevenbroich, Germany)
measuring 5 mm in diameter. This arrangement resulted in a
sandwich-like configuration with the freshly isolated embryonic tissue in the center and two layers of polyester fleece
covering the outer sides (Fig. 1a).
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Sandwich Set-Up in a Perfusion Culture Container
For further experiments, the basic sandwich set-up was
held in a specific position during culture so that damage of
the growing tissue was prevented. To this end, a base ring of
a Minusheet® tissue holder with a 13 mm inner diameter
was transferred to a perfusion culture container with horizontal flow characteristics (Minucells and Minutissue, Bad Abbach, Germany). A polyester fleece measuring 13 mm in
diameter was mounted into the tissue holder. Then, the basic
sandwich set-up containing renal stem/progenitor cells
measuring 5 mm in diameter was inserted. Finally, a polyester fleece 13 mm in diameter was placed on top of the sandwich as a cover (Fig. 1a, b). After closing the lid of the perfusion culture container, the complete tissue-fleece construction was fixed in an exact position. The spatial area for tubule formation was 5 mm in diameter and up to 250 μm in
height. The specific interphase between the fleece layers
produced an artificial interstitium providing an optimal microenvironment for the development of tubules during the
entire culture period [15,17,20].
Perfusion Culture to Generate Renal Tubules
Perfusion culture was performed as described earlier
(Minuth et al. 2007a, Fig. 1c). Fresh medium was continuously perfused for 13 days at a rate of 1 ml/h with an IPC N8
peristaltic pump (Ismatec, Wertheim, Germany). To maintain
a constant temperature of 370C, the culture container was
placed on a thermoplate (Medax, Kiel, Germany) and covered with a transparent lid.
To generate renal tubules, chemically defined IMDM
(Iscove´s Modified Dulbecco´s Medium including Phenolred, GIBCO/Invitrogen, Karlsruhe, Germany) was used. Up
to 50 mmol/l HEPES (GIBCO) was added to the medium to
maintain a constant pH of 7.4 under atmospheric air containing 0.3% CO2. To evoke tubulogenic development, aldosterone (1 x 10-7 M, Fluka, Taufkirchen, Germany) was present
in the culture medium. To prevent infection an antibioticantimycotic cocktail (1%, GIBCO) was added to all culture
media.
To interrupt the tubulogenic signal of aldosterone on the
level of hsp 90, hsp 70 and immunophilins, the following
substances were applied: geldanamycin (3,6 x 10-6 M, Biomol, Hamburg, Germany) [25], radicicol (1 x 10-6 M, Sigma,
Taufkirchen, Germany) [26], quercetin (2 x 10-4 M, Biozol,
Eching, Germany) [27], KNK 437 (1 x 10-4 M, Calbiochem,
Darmstadt, Germany) [28], cyclosporin A (2 x 10-6 M, Fluka,
Taufkirchen, Germany) [29], rapamycin (2,2 x 10-9 M, Assay
designs, Michigan, USA) [30] and FK 506 (2 x 10-8 M,
Sigma) [31]. Concentration range of substances were applied
as seen in literature.

Fig. (1). Illustration of the culture set-up to generate renal tubules at
the interphase of an artificial interstitium. Isolated embryonic renal
tissue derived from the outer cortex of neonatal rabbit (a) was
placed between two punched out layers of polyester fleece measuring 5 mm respectively 13 mm in diameter (b). This basic sandwich
set-up was mounted in a Minusheet® holder. Then the assembly
was used in a perfusion culture container with horizontal flow. Medium was continuously perfused for 13 days at a rate of 1 ml/h with
an IPC N8 peristaltic pump (c). To maintain a constant temperature
of 37°C, the culture container was placed on a thermoplate and
covered with a transparent lid.

Lectin-Labeling
Developed tissues were analyzed on cryosections in longitudinal- or cross-sectioned view. Sections of 20 m thickness were fixed in ice-cold ethanol. After washing with
phosphate buffered saline (PBS), the specimens were
blocked with PBS containing 1% bovine serum albumin
(BSA) and 10% horse serum for 30 minutes. For Soybean
Agglutinin (SBA, Vector, Burlingame, USA)-labeling the
samples were exposed to fluorescein-isothiocyanate (FITC)conjugated lectin diluted 1:2000 in blocking solution for 45
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minutes as described. Following several washes in PBS the
sections were embedded with Slow Fade Light Antifade Kit
(Molecular Probes, Eugene, USA) and then analyzed using
an Axioskop 2 plus microscope (Zeiss, Oberkochen, Germany). Fluorescence images were taken with a digital camera at a standard exposure time of 1.3 seconds and thereafter
processed with Corel DRAW 11 (Corel Corporation, Otawa,
Canada).

nutrition and oxygen could be obtained. Inside the perfusion
container the isolated embryonic tissue was enclosed by layers of polyester fleece (Fig. 1a, b). A smaller fleece 5 mm in
diameter was in direct contact with the tissue, while a larger
one with 13 mm in diameter covered the sandwich configuration. Hence, the area for tissue development was 5 mm in
diameter and up to 250 μm in height. The interphase between
the fleece layers produced an artificial interstitium, which
was the biotechnical precondition for optimal development
of tissue during a 13 day culture period. Using this experimental culture set-up we performed experiments to investigate the molecular environment of MR in the cytoplasm after
aldosterone activation.

Scoring
Tubular structures exhibited polarized cells, a visible
lumen and a basal lamina. According to the profile of SBAlabeling, we used a specific score for evaluation of tubule
development as described [19,21]. The presence of tubules,
their number, length, intensity of labeling, lumen formation,
and the existence of a basal lamina were registered. Each
criterion was scored with one point resulting in a possible
maximum of six points. Additional evaluation included
whether these tubules occurred frequently or rarely and if
cell clusters were present (Table 1).

Culture of Embryonic Renal Tissue in IMDM Lacking
Aldosterone
For controls, in the first set of experiments embryonic
renal tissue was cultured for 13 days in chemically defined
IMDM lacking aldosterone (Fig. 2a). Analysis of frozen tissue sections by fluorescence microscopy demonstrated that
SBA-labeled cells or tubules could not be found in this series
of experiments (Fig. 2b, c, Table 1).

Amount of Cultured Constructs
A total of 87 embryonic tissues were isolated and maintained in culture for the present study. All experiments were
performed at least in triplicate. The data provided in the text
are the mean of at least three independent experiments. All
experiments are in accordance with the Animal Ethics
Committee, University of Regensburg, Regensburg, Germany.

Development of Tubules in IMDM Containing Aldosterone
In the second series of experiments embryonic renal tissue was cultured in chemically defined IMDM containing
aldosterone (1 x 10-7 M, Fig. 3a). Fluorescence microscopy
of frozen tissue sections cultured for 13 days revealed that
numerous SBA-labeled tubules were found beside unlabeled
tissue (Table 1). Most of the generated SBA-labeled tubules
were detected in an oblique perspective (Fig. 3b), in which
parts could better be observed in longitudinal view (Fig. 3c).
The tubules exhibited a basal lamina, lining epithelial cells
and a visible lumen.

RESULTS
Creation of an Artificial Interstitium
After stripping off the capsula fibrosa from neonatal rabbit kidney, a thin tissue layer containing numerous stem/
progenitor cells was isolated and mounted in a specific
holder. It was inserted in a perfusion culture container as
described. A peristaltic pump constantly transported fresh
medium into the perfusion container for a period of 13 days
(Fig. 1c). The medium was not re-circulated, but collected in
a waste bottle. Using this method, a constant provision of
Table 1.

These experiments clearly demonstrated that the generation of SBA-labeled tubules was dependent on the administration of aldosterone. However, data about the molecular
environment of the activated MR were lacking. To elucidate
steps in MR activation the following experiments were performed. We tested substances interacting with MR and

Generation of tubules is interfered on the level of heat shock proteins and immunophilins. (IH) Iscove’s medium plus
Hepes, (A) aldosterone. Tubules were recognized exhibiting a lumen, lining epithelial cells and a basal lamina, while clusters were seen as an uncontrolled accumulation of cells [15,19,21].
Treatment

Tubules Frequently

Tubules Rarely

Cluster

IH

-

-

-

IH - A

+

-

-

IH - A - Geldanamycin (3,6 x 10-6 M)

-

-

+

IH - A - Radicicol (1 x 10-6 M)

-

+

+

-

+

+

IH - A - KNK 437 (1 x 10 M)

-

+

+

IH - A - Cyclosporin A (2 x 10-6 M)

+

-

-

+

-

-

-

+

+

-4

IH - A - Quercetin (2 x 10 M)
-4

-9

IH - A - Rapamycin (2,2 x 10 M)
-8

IH - A - FK 506 (2 x 10 M)
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Fig. (2). Illustration of non-stimulated mineralocorticoid receptor in renal stem/progenitor cells (a) MR – mineralocorticoid receptor. Fluorescence microscopy on renal tissue generated in IMDM for 13 days without aldosterone administration (b, c). No SBA-label were detected in
this series.

Fig. (3). Illustration of aldosterone-stimulated mineralocorticoid receptor (a) A - aldosterone, MR - activated mineralocorticoid receptor, NLS
- nuclear localization signal. Fluorescence microscopy on renal tissue generated in IMDM for 13 days with aldosterone (1 x 10-7 M) administration (b, c). Multiple SBA-labeled tubules can be seen.
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Fig. (4). Illustration of aldosterone-stimulated mineralocorticoid receptor in relation to hsp 90 (a) A – aldosterone, MR – activated mineralocorticoid receptor, NLS - nuclear localization signal. Fluorescence microscopy on renal tissue generated in IMDM for 13 days with aldosterone (1 x 10-7 M) in combination with geldanamycin (3,6 x 10-6 M, b, c) or radicicol (1 x 10-6 M, d, e). Multiple SBA-labeled cells within cluster formation were found, while the application of radicicol resulted in a lack of tubules.

neighboring cytoplasmic proteins such as hsp 90, hsp 70 or
immunophilins and registered reactions related to the tubulogenic signal.

interference of the applied substances with the structural
development of SBA-labeled tubules generated in perfusion
culture.

Substances such as geldanamycin [25], radicicol [26],
quercetin [27], KNK 437 [28], cyclosporine A, rapamycin or
FK 506 which had been reported by other groups to interfere
with MR were used [2, 19, 35]. In the present experiments
we used these substances at the same or even higher concentrations than those previously reported. The culture period
was 13 days. Classical toxic effects such as cell death or disintegration of tissue were not observed. However, we found

Interfering the Contact Between MR and hsp 90
In the third set of experiments embryonic renal tissue was
cultured in IMDM containing geldanamycin (3,6 x 10-6 M) in
combination with aldosterone (1 x 10-7 M) for 13 days (Fig.
4a). Geldanamycin specifically binds to hsp 90 thereby
blocking the ATP binding site due to its higher affinity compared to ATP [33,34]. In this way, it disturbs the contact
between hsp 90 and activated MR. The culture experiments

Transmission of the Tubulogenic Signal

revealed that structured tubules were not found in this series
of experiments. Instead numerous SBA-labeled cells were
localized in extended clusters (Fig. 4b, c, Table 1).
Radicicol is a macrocyclic antifungal substance that
binds in the same way as geldanamycin [27]. It hinders ATPdependent conformational changes that are required for interactions with target proteins such as MR. Culture of embryonic tissue with radicicol (1 x 10-6 M) in combination
with aldosterone (1 x 10-7 M) produced only a few structured
tubules, but numerous SBA-labeled cells were detected in
form of extended cluster formations (Fig. 4d, e, Table 1).
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Interference with the Contact of MR and hsp 70
In the forth set of experiments substances such as quercetin and KNK 437 were tested. Both substances are known
to interact with MR and the neighboring hsp 70 to interrupt
the signaling initiated by aldosterone (Fig. 5a).
Quercetin is a flavonoid that inhibits hsp 70 expression
by blocking heat shock factor 1 and thereby interferes indirectly with MR [19]. Culture experiments with quercetin (2 x
10-4 M) in combination with aldosterone (1 x 10-7 M) showed
that numerous SBA-labeled cells were found to be located

Fig. (5). Illustration of aldosterone-stimulated mineralocorticoid receptor in relation to hsp 70 (a) A – aldosterone, MR – activated mineralocorticoid receptor, NLS - nuclear localization signal. Fluorescence microscopy on renal tissue generated in IMDM for 13 days with aldosterone (1 x 10-7 M) in combination with quercetin (2 x 10-4 M, b, c) or KNK 437 (1 x 10-4 M, d, e). Multiple SBA-labeled cells within clusters
were detected, only minor development of tubules is seen.
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Fig. (6). Illustration of aldosterone-stimulated mineralocorticoid receptor in relation to hsp 90, hsp 70 and immunophilins (a) A – aldosterone,
MR – activated mineralocorticoid receptor, NLS - nuclear localization signal. Fluorescence microscopy on renal tissue generated in IMDM
for 13 days with aldosterone (1 x 10-7 M) in combination with cyclosporin A (2 x 10-6 M, b, c), rapamycin (2,2 x 10-9 M, d, e) and FK 506 (2 x
10-8 M, f, g). Multiple SBA-labeled cells were detected within extended cluster formations after application with FK 506 (f, g). Occasionally
few and slightly labeled tubules were found. In contrast, numerous structured tubules were detected in series exposed to cyclosporin A (b, c)
or rapamycin (d, e).

Transmission of the Tubulogenic Signal

within extended cluster formations (Fig. 5b, c). However, in
some cases minor development of tubules and intensive cell
cluster formation were observed (Table 1).
KNK 437 is a benzylidene lactam molecule that inhibits
heat shock factor activity resulting in a decreased expression
of heat shock proteins, thereby interfering indirectly with
MR [32]. The culture experiments with KNK 437 (1 x 10-4
M) in combination with aldosterone (1 x 10-7 M) demonstrated that numerous SBA-labeled cells were found to be
localized within extended cluster formations (Fig. 5d, e). In
individual cases, few tubules with faint SBA-label were detected (Table 1).
Interference Between MR and Immunophilins
In the fifth set of experiments, we tested substances such
as cyclosporin A, rapamycin and FK 506 interacting between
MR and neighboring immunophilins (Fig. 6a, Table 1).
Cyclosporin A is an immunosuppressant drug, which
binds to cyclophilin in close proximity to hsp 90 by forming
a complex, which in turn inhibits calcineurin [36]. The culture experiments with cyclosporin A (2 x 10-6 M) in combination with aldosterone (1 x 10-7 M) demonstrated development of numerous structured SBA-labeled tubules (Fig. 6b,
c). An inhibitory effect on tubule development was not observed (Table 1).
Rapamycin is also known as sirolimus. The substance is
a macrolide antibiotic that binds to the cytosolic protein FK
506-binding protein 12 (FKBP 12) [36,37]. It belongs to the
family of immunophilins that interact with hsp 90. Rapamycin forms a complex with FKBP 12 and thereby inhibits the
mTOR pathway. The culture experiments with rapamycin
(2,2 x 10-9 M) in combination with aldosterone (1 x 10-7 M)
generated numerous SBA-labeled tubules (Fig. 6d, e). Inhibition of tubule development was not noticed (Table 1).
FK 506 is also called Tacrolimus. This macrolide is
commonly used as an immunosuppressive drug. It binds to
the immunophilin FKBP 12 by forming a complex, which
interacts with hsp 90 [31]. Consequently, the protein phosphatase calcineurin is inhibited. The culture experiments
with FK 506 (2 x 10-8 M) in combination with aldosterone (1
x 10-7 M) demonstrated sparsely and only slightly stained
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tubules (Fig. 6f, g). Multiple SBA-labeled cells were found
to be localized to extended cluster formations (Table 1).
DISCUSSION
The present experiments were performed to elucidate
steps in MR activation in response to the tubulogenic action
of aldosterone. It is generally assumed that the activation
starts when aldosterone reaches the target cell and penetrates
the plasma membrane to reach MR in the cytoplasm. However, the mode of binding of aldosterone to MR and the ensuing cell biological interaction with cytoplasmic molecules
are poorly understood [38].
It has been shown that in the absence of aldosterone, MR
is in close contact with chaperones and immunophilins inside
the cytoplasm. In closest contact to the ligand binding site of
MR is hsp 90 [23,25,33,35]. The ATP-binding domain of
hsp 90 faces the ligand binding site of MR. In close contact
with MR are also heat shock protein 70 and immunophilins
[39]. After binding of aldosterone to the MR these proteins
are released, which in turn unmasks the nuclear localization
signal (NLS) so that the activated MR can enter the nucleus
[22].
In this system, it was unknown whether the mentioned
chaperones and immunophilins are involved in the tubulogenic signal induced by aldosterone in renal stem/progenitor
cells. To assess this issue, substances such as geldanamycin
[25], radicicol [26], quercetin [27], KNK 437 [28], cyclosporin A [29], rapamycin [30] or FK 506 [31] were tested
which interfere in the signaling between MR and hsp 90, hsp
70 and immunophilins.
Interference with the tubulogenic signal at the level of
hsp 90 by geldanamycin (3.6 x 10-6 M) in combination with
aldosterone (1 x 10-7 M) for 13 days, prevented the formation
of structured tubules. Instead, numerous SBA-labeled cells
were localized in extended clusters (Fig. 4b, c). Nearly the
same results were obtained using radicicol (1 x 10-6 M) in
combination with aldosterone (1 x 10-7 M). In this series we
occasionally observed a few tubules. However, extended
cluster formations were predominately found (Fig. 4d, e).
Disruption of the tubulogenic signal at the level of hsp 70
by quercetin (2 x 10-4 M) in combination with aldosterone

Fig. (7). Illustration of aldosterone-stimulated mineralocorticoid receptor in relation to hsp 90, hsp 70 and immunophilins (a) A – aldosterone, MR – activated mineralocorticoid receptor, NLS - nuclear localization signal.
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Fig. (8). Developmental pattern of SBA-labeled cells. The tip of the collecting duct ampulla (A) beyond the capsula fibrosa (CF) in the neonatal rabbit kidney is the site of renal epithelial stem/progenitor origin. It does not reveal cellular SBA-label in fluorescence microscopy. In
contrast, the ampullar neck and further down the maturing collecting duct (CD) tubule shows intensive reaction (a). Freshly isolated embryonic tissue does not reveal SBA-label (b). Embryonic tissue without aldosterone application does not reveal SBA-label (c). Culture of tissue
in the presence of aldosterone results in numerous SBA-labeled tubules containing a lumen and a basal lamina (d). Generation of tissue with
aldosterone in combination with geldanamycin shows cell cluster (e). Culture of tissue with aldosterone in combination with rapamycin (f)
demonstrates numerous tubules, while treatment with FK 506 shows clusters (g).

Transmission of the Tubulogenic Signal

(1 x 10-7 M) produced numerous SBA-labeled cells within
extended cluster formations (Fig. 5b, c). However only
minimal development of tubules could be detected. Similar
results were obtained with KNK 437 (1 x 10-4 M) in combination with aldosterone (1 x 10-7 M). Numerous SBA-labeled
cells were found to be localized within extended cluster formations, while only single tubules with faint SBA-label were
detected (Fig. 5d, e).
Disturbance of the tubulogenic signal at the level of immunophilins revealed heterogeneous results. Culture experiments with cyclosporin A (2 x 10-6 M) in combination with
aldosterone (1 x 10-7 M) resulted in the development of numerous SBA-labeled tubules (Fig. 6b, c). Thus, an inhibitory
effect on tubule development was not observed in this series
of experiments. In addition, experiments with rapamycin (2,2
x 10-9 M) in combination with aldosterone (1 x 10-7 M) led to
the formation of numerous SBA-labeled tubules (Fig. 6d, e).
In contrast, culture experiments with FK 506 (2 x 10-8 M) in
combination with aldosterone (1 x 10-7 M) revealed multiple
SBA-labeled cells localized in extended cluster formations
(Fig. 6f, g), but only few and slightly stained tubules were
found.
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Summarizing the results, we found that the tubulogenic
signal of aldosterone is composed of two steps: (1) The development of SBA-labeled cells and (2) the formation of
structured tubules. Both steps occur in parallel. However,
since formation of tubules could be inhibited by geldanamycin, radicicol, quercetin, KNK 437, and FK 506, we suggest
that MR in collaboration with hsp 90, hsp 70 and especially
immunophilin FKBP 12, influences the development of tubules. Conversely, SBA labeling of cells is dependent on the
activation of MR and can not further be influenced on the
level of hsp 90, hsp 70 and immunophilins.
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