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Hydrocortisone regulates types I and I1I
collagen gene expression and collagen synthesis
in human marrow stromal cells

MIREYA FERNANDEZ" and JOSE ] MINGUELL

Unidad de Biologia Celular, INTA, Universidad de Chile,
Santiago, Chile

Hematopoiesis is the resultant of the orderly molecular and cellular interactions
between progenitor cells and stroma. In vitro studies (Dexter-type cultures) have
shown that initiation of hematopoiesis only occurs after establishment of a
hydrocortisone-dependent layer of stromal cells. Although the molecular basis
for the requirement of hydrocortisone are not well understood, data have shown
that synthesis/assembly of extracellular matrix molecules (proteoglycans and
fibronectin) is regulated by hydrocortisone. Since interstitial collagens are
abundantly expressed in the marrow stroma, we investigated whether
hydrocortisone may also modulate the expression of collagen types I and 11l. For
these studies, human bone marrow fibroblast cultures were grown in standard
culture medium either in the absence or presence of 107 M hydrocortisone.
Under both conditions, bone marrow fibroblasts synthesized collagen types I and
I, and expressed the respective genes. However, hydrocortisone produced a
decrease in the synthesis of interstitial collagens and also in the relative
abundance of pro-o.,(1) and pro-o. (IlI) mRNAs. The results of this study are
consistent with the assumption that glucocorticoids regulate the expression of
several extracellular matrix molecules in the marrow stroma and thus permit in
vitro hematopoiesis to occur.
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INTRODUCTION

Several studies both in vivo and in vitro
have been undertaken to define the biologi-
cal properties of stromal cells of the he-
mopoietic microenvironment. In vitro, the
technique of long-term marrow culture and
the subsequent utilization of the adherent
stromal layer produced, as well as the deri-
vation of clonal stromal cell lines, have
greatly aided research on the nature and
properties of the marrow stroma (Dexter,
1982, Greenberger, 1991). Together, these

studies have indicated that several stromal
extracellular matrix (ECM) molecules are
involved in the homing of the hemopoietic
progenitor cell, as well as in the capture of
growth factors (Tavassoli & Minguell,
1991). In the bone marrow, stromal cells
produce several types of ECM molecules,
among them various types of collagen
(Bentley, 1982; Waterhouse er al, 1986).
Although the role of collagen in hemopoie-
sis has not been elucidated, the observation
that the in virro proliferation and matura-
tion of hemopoietic precursors is decreased
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by proline analogs (Zuckerman et al,
1985), emphasized a role for collagen in
the maintenance of hemopoiesis.

It has been documented that in vitro he-
matopoiesis (Dexter-type long-term cul-
tures) only occurs after supplementing the
culture medium with glucocorticoids. Under
these conditions, stromal cells proliferate
and maintain the self-replication of myeloid
progenitor cells (Sakakeeny & Greenberger,
1982), while in the absence of hydrocorti-
sone (HC), bone marrow stromal cells pro-
liferate but do not maintain granulopoiesis
(Johnson & Dorshkind, 1986).

Several studies have shown that gluco-
corticoids induce changes in the structure of
stromal ECM by affecting the production or
assembly of proteoglycans (Bentley et al,
1988; Morris er al, 1991) and/or fibronectin
(McKeown-Longo & Etzler, 1987). Whether
the production of collagen by marrow stro-
mal cells is also modulated by glucocorti-
coids, as it occurs in other tissues
(Hamalainen et al, 1985; Slack et al, 1993)
has not been well established. Since mtersti-
tial collagens play a central role in hemato-
poiesis (Klein, 1995; Fernidndez & Minguell,
1996), we studied the effect of hydrocorti-
sone on the capacity of human bone marrow
stromal cells to express genes for collagen
types 1 and 111, as well as in the production
of interstitial collagens. The results obtained
indicate that the extent of type I and III col-
lagen synthesis as well as the level of ex-
pression of their respective mRNA’s were
lower for cells maintained in the presence
than in the absence of hydrocortisone.

METHODS
Bone marrow fibroblasts cultures

Bone marrow from normal donors (4 to 12
years of age) was collected under protocols
approved by the institutional board of the
Children’s Hospital, Santiago, Chile. Bone
marrow fibroblasts (BMF) cultures were pre-
pared as previously described (Chichester er
al, 1993) and cultured in the absence or pres-
ence of 107 M hydrocortisone. After one
week in culture, adherent fibroblast-like cells
were released from the culture dishes by
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trypsinization and replated three times in the
respective culture medium. Cells thus ob-
tained were used to study collagen gene ex-
pression and collagen synthesis.

All tissue culture reagents used were from
Gibco Life Technologies, Baltimore, MD.

Collagen synthesis

To study collagen synthesis, BMF cultures
which have reached confluence (2.5x10°
cells/cm?) were labeled for 24 h at 37°C
with 10 mCi/ml of 3H-proline (20 Ci/mmol;
Amersham Corp, Arlington Heights, IL) in
a-MEM medium containing 1% FCS, 50
mg/ml each of ascorbic acid and B-
aminopropionitrile. After the labeling pe-
riod, the culture medium was harvested and
aliquots were taken for analysis of collagen
and non-collagen proteins using a collage-
nase-sensitive material assay (Peterkofsky
& Diegelmann, 1971). To characterize the
procollagen chains, aliquots of labeled cul-
ture medium were precipitated with ammo-
nium sulfate (300 mg/ml), dissolved and
dialyzed in a 25 mM Tris-HCI buffer con-
taining 2 M urea and [ mM EDTA, pH 7.5
(Booth et al, 1980). The dialyzed materials
were applied to DEAE-cellulose columns
(2.2 x 16 cm), which were equilibrated with
the dialysis buffer. The columns were
eluted by a linear gradient (up to 0.2 M) of
NaCl prepared in the same buffer. Fractions
were collected, radioactivity measured and
collagen content estimated by the collage-
nase-sensitive material assay. The type of
procoliagen chains was determined by
SDS-PAGE (Laemmli, 1970), using col-
lagen type I and Ill as standards and
Coomassie blue for staining. All chemicals
used were from Sigma Chemical Co, St
Louis, MO.

Northern blot analvsis

For Northern hybridization studies, RNA
was isolated as described (Chomczynski &
Sacchi, 1987) and RNA integrity was as-
sessed by UV shadowing (Nohtomi er al,
1994). Poly (A)* RNA was purified using
oligo dT chromatography. After measuring
RNA content (OD,q; absorbance), samples
were separated on 0.9% agarose gels under
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denaturing conditions and transferred onto
nylon membranes (Sigma Chemical Co, St
Louis, MO). After immobilization and
prehybridization, the membranes were hy-
bridized with one of the sequence specific
c¢DNA probes (see below) labeled with (3?P)
(800 Ci/mmol; Amersham Corp, Arlington
Heights, IL) by random prime labeling
(Feingberg & Volgelstein, 1983). After hy-
bridization, the membranes were washed.
air-dried and exposed to x-ray films (Kodak
XAR-2, Eastman Kodak Co, Rochester,
NY). The Northern blot autoradiograms
were quantitated by using a scanning laser
densitometer interfaced with an integrator.
Densitometric units for each probe were cor-
rected for B-actin expression, as previously
indicated (Chichester et al, 1993).

The following cDNA probes were used: a
1.5-kb pro a, (I) (Hf677) ¢cDNA for type 1
collagen (Chu et al, 1982) and a 2.4-kb pro
a, (I (E6) cDNA for type HI collagen
(Loidl er al, 1984). Two antisense oligo-
meric probes (ACAGCTTCTCCTTAA
TGTCACGCACGATTT and CACTTCAT
GATGGAGTTGAAGGTAGTTTCG) were
used for B-actin. Plasmid Hf-677 was ob-
tained from the American Type Culture Col-
lection, Rockville, MD. Plasmid E6 was
kindly provided by Dr Jeanne C Myers, Uni-
versity of Pennsylvania, Philadelphia, PA.

RESULTS

To analyze the nature of the collagen pro-
duced by BMF, cells were radiolabeled with
SH-proline and the collagenous material re-
leased to the medium was analyzed by
DEAE-cellulose chromatography and SDS-
PAGE. For BMF cultivated in the absence
of hydrocortisone (control), DEAE-cellulose
chromatography (Fig 1) revealed the pres-
ence of two radioactive peaks (A and B)
eluting at 0.14 and 0.17 M NaCl, respec-
tively. As assessed by a collagenase-sensi-
tive material assay, more than 90% of the
radioactive material on each peak proved to
be collagen. SDS-PAGE showed the pres-
ence of o, (D) and o, (I) procollagen chains
which associated to peak A, whereas o (1I1)
procollagen chains associated to peak B (in-
set, Fig 1). The patterns in DEAE-cellulose
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Fig 1. Scparation by DEAE-cellulose chromatography ol
‘H-labeled procollagens produced by bone marrow
fibroblasts. After labeling BMF cultures with *H-proline.
the medium was saved, precipitated by ammonium sulfate
(300 mg/mD and applied to a DEAE-cellulose column.
Labeled peaks A and B were obtained after cluting the
column with a linear gradient of NaCl (up to 0.2 M). The
collagenase-sensitive material in each peak was further
analyzed by SDS-PAGE to rcveal the nature of the
procollagen chains. Inset, SDS-PAGE pattern (7.5%.
reduced) of procollagen material in peaks A and B. The
migration position for each procollagen chain is indicated:
in A, o, (I) and &, (I): in B, o, (111).

and in SDS-PAGE were similar for both
BMF cultured in the presence of HC and
control cells (data not shown).

The effect of hydrocortisone on intersti-
tial collagen synthesis by BMF was mea-
sured and results are shown in Table 1. The
synthesis of collagen by HC-treated cells
was 3-fold lower than that exhibited by HC-
untreated (control) cells. Similarly, the rela-
tive rate of collagen production was lower
(2.3-fold) in HC-treated cells. The produc-
tion of non-collagen proteins, which com-
prise a broad group of collagenase-resistant
labeled proteins, was also lower (1.3-fold) in
HC-treated than in HC-untreated cells.

BMF cultured under both conditions
were used to study their ability to express
genes encoding for types I and 1T collagen.
RNA was fractionated by electrophoresis
and analyzed by Northern hybridization
with cDNAs probes for interstitial collagen
genes. As seen in Figure 2, BMF cultured
either in the absence or presence of HC ex-
hibited hybridization signals for pro-o; (I)
mRNA (as represented by two characteris-
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Table 1

Synthesis of collagen by bone marrow fibroblasts.

Condition Collagen (cpm)* Non collagen (cpm)* Relative rate**
-HC 5,750 £ 50 54,350 + 775 1.93 £0.05
+HC 1,915 + 450 42,000 + 1,082 0.83 £0.20

To measure collagen and non-collagen protein synthesis, BMF (5x10° cells/well) cultures grown in the absence (-HC) and
in the presence (+HC) of hydrocortisone were labeled for 24 h with *H-proline.

*

and collagenase-resistant (noncollagen) proteins.

Culture media were saved and used to measure the *H-radioactivity incorporated into collagenase-sensitive (collagen)

** The relative rate of collagen production was calculated from the formula:
‘H-collagen cpm / (*H-non collagen proteins cpm x 5.4 + *H-collagen cpm) x 100.

Values, means £ SEM’s of at least 3 triplicate experiments.

-HC  +HC -HC  +HC
RS2 &>
Proo 1 Proc il

Fig 2. Northern blot analysis of bonc marrow fibroblast
collagen types I and IIl mRNA. Northern blots of 0.5 ug
poliA*™ RNA each, obtained from BMF cultures grown in
the absence (-HC) and in the presence (+HC) of
hydrocortisone. Arrows indicate apparent molecular size
(kb) of each transcript.

tic transcripts of 5.8 and 4.8 kb) and for
pro-a; (III) mRNA (represented as a broad
band at approximately 5.0 kb). The inten-
sity of the bands showed differences be-
tween HC-untreated and HC-treated cells.

The relative abundance of each mRNA
probe was assessed after digitalization, in-
tegration and correction for B-actin expres-
sion, The results are shown in Table II. The
relative abundance of collagen pro-o, (I)
mRNA decreased by 50% when cells were
treated with hydrocortisone. On the other
side, the relative abundance of collagen
pro-a; (III) mRNA, decreased by 92% after
treatment of cells with HC.

DISCUSSION

In vitro studies of hemopoiesis have shown
that the proliferation of progenitor cells de-
pends on the development of an adherent
layer of marrow stromal cells, which pro-

duces several cytokines and ECM mol-
ecules (Verfaillie et al, 1994). The estab-
lishment of the adherent layer of stromal
cells, as well as its ability to sustain he-
mopoiesis, is strongly dependent on the
culture conditions used to grow the cells.
As mentioned, when stromal cells are
grown in the presence of hydrocortisone,
they become hematocompetent and sustain
the proliferation and differentiation of pro-
genitor cells (Sakakeeny & Greenberger,
1982). Whether HC affects the prolifera-
tive/differentiative capacity of progenitor
cells, or their ability to establish adhesive
interactions with stroma, has not been well
established (Thalmeier et al, 1996). How-
ever, there is growing evidence that the na-
ture of ECM produced by marrow stroma is
modulated by glucocorticoids. First, the
treatment of stromal cells with hydrocorti-
sone results in a shift of the production and

Table 11

Collagen gene expression by
bone marrow fibroblasts

Relative abundance of mRNA

-HC +HC
Collagen pro o, (I) 0.10 0.050
Collagen pro o, (111) 0.32 0.027

Northern blots of total RNA (10 pg each), prepared from
hydrocortisone untreated (-HC) and treated (+HC) BMF
cultures, were processed for digitalization and integration.
Data are expressed as densitometric absorbance units after
B-actin correction. Similar results were obtained in two
separate experiments.
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molecular nature of stromal proteoglycans
(Bentley et al, 1988), that participate in he-
mopoietic stem cell homing (Tavassoli &
Minguell, 1991). Second. it has been shown
that methylprednisolone changes the mo-
lecular structure of heparan sulfate on the
surface of stromal cells (Siczkoswski er al,
1993), with a concomitant effect on the
ability of the marrow stroma to bind and
stimulate the differentiation of progenitor
cells (Gordon ef al, 1988; Minguell, 1993).
Third, glucocorticoids are involved in the
induction of fibronectin-matrix assembly
(McKeown-Longo & Etzler, 1987).

In addition, our data show that both in
the absence or in the presence of HC, bone
marrow stromal cells produce mRNA for
collagen chains pro-o, (I) and pro-a; (III).
However, the relative abundance of pro-o,
(I) and pro-a; (III) mRNAs decreased in
HC-treated cells, being the effect of the
glucocorticoid more pronounced for pro-a
(1II) than for pro-o; (I) gene expression.
This effect of glucocorticoids seems not to
be specific for marrow stromal cells, since
the expression of interstitial collagen genes
is also down-regulated by HC in stromal
cells from other tissues (Slack er al, 1993;
Delany et al, 1995a).

Similarly, the incorporation of *H-proline
into collagenase-sensitive proteins (Table 1)
was also lower in cells grown in the pres-
ence of hydrocortisone. It was not further
investigated if changes in 3H-proline incor-
poration were the consequence of alterations
in the rate of synthesis or degradation
(Brinckerhoff & Auble, 1990; Delany et al,
1995b) of collagen. The observed reduction
in collagen synthesis by glucocorticoids is
not without precedent, since HC produced
similar effects in other tissues (Delany et al,
1995b; Guller et al, 1995).

Thus, present results are further evi-
dence to show that the pattern of expres-
sion of various ECM molecules is modu-
lated by glucocorticoids. Therefore, the
expression of a permissive microenviron-
ment for hemopoiesis seems to be the re-
sultant of a balance in the production and
assembly of ECM by stromal cells, which
seems to be finely tuned by a variety of
stimuli (Raghow, 1994). The observed ef-
fect of hydrocortisone on collagen synthe-
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sis, as well as in other ECM molecules,
may then explain why HC is required for
long-term hemopoiesis (Dexter, 1982;
Sakakeeny & Greenberger, 1982) or to
“prime” marrow stroma to improve he-
mopoiesis after recharging with isolated
progenitor cells (Liesveld er al, 1993).
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