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Expression of human collagen type IV genes is regulated by
transcriptional and post-transcriptional mechanisms

Comelia Schmidt, Reinhold Poliner, Ernst P6schl and Klaus Kiihn

Max-Planck-Institur fiir Biochemie, Abteilung filr Bindegewebsforschung, D-8033 Martinsried, Germany

Received 7 September 1992

The molecules of the basement membrane specific collagen type 1V are heterotrimers consisting of two a1(IV) and one a2(IV) polypeptide chains,
Comparison of the ratios of transcription by nuclear run-on analysis and mRNAs by RNuse protection assay indicates the involvement of
transcriptional as well as post-transeriptional events in the control ol overall collagen Lype IV expression. The relative ratios of 1ranscription of
the respective genes COL4Al and COL4A2 remained near 2:1 in most cells, whereas the ratio of mRNA steady-state levels ¢l (1V)Y @2(IV) varied
from 0.3:1 to 1:1 and did not parallel the subunit siructure of he protein, Nevertheless, secreted protein shows a 2:1 ratio of the subunit polypeptides.
This indicates that post-translational processes during chain selection, aggregation and secretion finally determine the amount of secreled protein.
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1. INTRODUCTION

Type IV collagen is the major structural component
of all basement membranes {l] and the functional
heterotrimeric molecule consists of two al(1V) and one
a2(IV) polypeptide chains [2,3). The monomers are or-
ganized in a complex network optimally adapted to the
various biological and physiological functions in the
basement membrane [4]. In some specialized basement
membranes minor amounts of additional chains,
a3(1V), oed(IV) and a5(IV) [5-7] have been detected.
Their impact to the structural organization of basement
membranes is not yet clear, but their functional impor-
tance is shown by the involvement of a3{1V) in the
pathogenesis of Goodpasture syndrome [8] or a5(IV) in
Alport syndrome [9].

Regulation of type IV collagen gene expression is
only poorly understood. The geanes coding for the
human and mouse a1(IV) and a2(IV) chains, COL4A1
and COL4A2, are located closely linked on chromo-
some 13934 [10]. Both genes are orientated head-to-
head and are transcribed in opposite directions [11,12].
Their transcription start sites are separated by a region
of enly 127 bp, comprising the two overlapping promot-
ers for both genes. The promoter region and additional
activating elements located in both genes are presently
being analyzed in more detail.

Since the heterotrimneric collagen type IV molecule
consists of two al(IV) and one a2(IV} polypeptide
chains, one would expect coordinated expression of the
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genes. Such a correlation has been found for the expres-
sion of the collagen type I genes. The genes COL1A1
and COL1A2 are transcribed in a ratio of 2:1 [13). The
same ratio was also observed at the steady-state level of
mRNA [14], which is in accordance with the chain com-
position found in the secreted collagen type I molecule,
Data on the transcription rates of collagen type 1V
genes are not yet available, mainly due to the much
lower expression rate of collagen type 1V genes in com-
parison to the collagen type I genes.

To gain a more detailed insight in the control of
human collagen type IV gene expression, we compared
the transcriptional rates of COL4A1 and COL4A2 with
the steady-state amounts of the corresponding mRNAs
in a variety of cells. Additionally, chain composition of
secreted protein was determined afier metabolic label-
ing. The ratio of transcription rates was found to be
relatively constanc (al:x2 = 2:1), as was the subunit
composition of the secreted molecules, The mRNA
steady-state levels, however, showed significant varia-
tions,

2. MATERIALS AND METHODS

2.1, Cells and plasmids

Human fibrosarcoma HTI080 [15], teratocarcinoma Teral [16],
placenia-derived Hs723.P!, epithelial A431 and epidermoid HBLI100
[15] were purchased frora American Type Culture Collection. Human
embryo fibroblasts (HE) were & kind gift of M, Aumailley. All cells
were grown in Dulbecco’s Modified Eagles Medium supplemented
with 10% fetal calf serum.

For determination of transcription rates the following fragments
were used: a 0.26 kb Psil fragment from g-tubulin [17), a 0.45 kb
EcoR1-BamMl fragment of S-actin [18], 0.8 kb EcoR1 fragment spe-
cific for IRNAY# {19}, a 3.8 kb HindI[-EcoRY fragment from a full
length consiruct of al(iY) mRNMNA and 4.2 kb EcoRI iragment from
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a full-length 22(1V) cDNA construct, The collagen type IV constructs
were a gift of R. Nischt (Martinsried), For RNase protection assays
were used: clone pBSHH containing a 147 bp HindII-HindII1 frag-
ment from human a1(IV) mRNA, corresponding to pos. 768-915 [20]
and pBSES containing a 118 bp Smal-EcoRI fragment, corresponding
1o pos. 241--358 {21] of @2(IY) mRNA, Fragments were cloned in
pBSHSK- (Stratagene) and pUC-derived vectors.

2.2. Nuclear run-on analysis

Cells were grown until late exponential phase and aliquols of
1-2 % 107 cells, were used for preparation of nuclei {22}, Nuclear run-
on analysis was performed exaclly as described in [22]. The labeled
RNA was purified, fragmented by treatment with NaOH, precipitated
with ethanol and hybridized to nitrocellulose filters with bound frag-
ments (3 ug of isolated insert per slot) in 10 mM TES, 0.2% SDS, 10
mM EDTA, pH 7.4, 300 mM NaCl at 65°C for 36-48 h. Filters were
washed with 2 x SSC at §5°C, incubated with RNase A (10 ug/ml) at
37°C and washed with 2 x S5C at 55°C. Autoradiographs were ana-
lyzed by densitometry and direct determination of radioactivity. Val-
ues are expressed in comparisox to the signal of S-tubulin set as 100%.
The molar ratios were calculated by correcting for the length of the
probes used,

2.3, Preparation of RNA and RNase protection assay

RNA was isolated from the eytoplasmatic supernatants afier prep-
aration of nuclei for nuclear run-on analysis [23]. Riboprobes of iden-
tical specific activity were generaled from linearized pBSHH and
pBSES by T7 RNA polymerase following the procedure of the sup-
plier (Stratugene). Full-length transcripts were isolated and | x 10°
cpm of each riboprobe were hybridized with 20 gg RNA and RNase
proteclion assiys were performed according to [22]. Protected bands
weie separated on sequencing gels and autoradiographs were analyzed
by deusitometry and relative amounts were calculated afler correction
for the number of labeled bases in the hybridizing fragments.

2.4, Protein analysis

HT1080 cells were plated al a density of 2 10% cells per 75 em?,
grown for 3, 27 and 51 h and metabolically labeled with [*'S]methion-
ine (20 uCi/ml; 1000 Ci/mmol) for 24 h in methionine-free RPMI-
medium. Aliquots of the media, representing identical numbers of
cells, were separaled by EDS-gel electrophoresis on 5% poly-
acrylamide gels and the labeled proteins were visualized by fluorogra-
phy. The intensity of bands was determined by densitometry and the
amounls were calculated afier correction for the content of methionine
in ¢l(IV) and a2(IV) chains,

3. RESULTS

3.1. Relative transcriptional rates of COL4Al and
COLA4A2 genes

To determine the relative transcription rates of the
COL4Al and COL4A2 genes, nuclear run-on transerip-
tion experiments were performed (Fig. 1A). Nucl.i were
isolated from hurnan ccll lines known to produce colla-
gen type IV, such as fibrosarcoma HT1080, epithelial
line HBL10O or epidermoid carcinoma line A431 [15],
the teratocarcinoma Tera2 [16}, embryo fibroblasts and
the placenta derived cells Hs723.Pi. For standardization
and as internal controls, probes specific for f-tubulin,
B-actin and t-RNAY were used. Because of the low
levels of expression of the collagen type TV genes,
cDNA probes corresponding to almost the entire
al(IV) or 2(1V) mRNA had to be used. The specificity
of the probes was shown before by Northern blotting

FEBS LETTERS

November 1992
A
1ANA™
M13 tg130
B-Tubulin
B-Actin
al(lv)
a2(ly) .
B Relative transcription
1 2 3
{ 1 ) Ratio a1{lV)/a2(lV)
Ad31 198 :1
MBL100 22:1
Tera2 21:1
HE 1.7 :1
Hs723.PI 1801
al{lv)
o2(1V)
HT1080
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Fig. 1. Determination of transcription rates of collagen type 1V genes
in different human cells. (A) Representative nuclear run on experi-
ments using nuclei of the cell lines indicated. Nascent labeled RNA
was hybridized to filter bound probes as shown. (B) Amounts of
al(1V) and a2(IV) specific primary transcripts were determined by
densitometry of autoradiographs and expressed in comparison to §-
tubulin set arbitrarily as 100, The calculated relative molar ratios of
al(lV) and a2(1V) mRNAs are indicated.

(data not shown). The filiers were treated with RNase
A after hybridizing to get a direct correlation of the
signal intensity with the length of the probe and the
amount of bound RNA. This was especially important
for the probes detecting al(IV) and a2(IV) mRNAs,
due to the large number of introns within the corre-
sponding genes and primary transcripts [27]. The
arnount of bound RNA was determined and the relative
ratios were calculated by considering the length of the
probes and the number of incorporated labeled nucleo-
tides (Fig. 1B). In all cells, high levels of transcription
of the tRNAY* gene, f-tubulin and f-actin mRNAs
were detected. Transcripts from the collagen type IV
genes were detected at much lower levels. Cempared to
the synthesis of S-tubulin, only less than 0.21% of colia-
gen type IV mRNAs synthesized, when calculated on a
molar basis. In most cells the COL4A1 gene was tran-
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Fig. 2. Determination of levels of 21(IV) and x2(1V) mRINA in differ-
ent cells by a ribonuclease protection assay. (A) Ribonuclease protec-
tion assay of equal amounts (10 g) of cytoplasmatic mRNA from
different cells using a1(1V) and 2(1V) specific riboprobes. The pro-
lected fragments were separated on a sequencing gel and the specific
bands of 144148 bases ior xl(1V) and 114 bases for a2(I1V) are
indicated. RNA was isolated in parallel from the same cells used for
nuclear run-on analysis (Fig. 1). (B} Quantitalion of relative molar
amounts of mMRNAs afler densitometry and correction for the number
of incorporated labeled bases. Values are expressed in arbitrary units
and molar ratios are indicated.

scribed more efficiently than the COL4A2 gene, leading
to a relative transcription ratio of approximately 2:1,
with the exception of Hs723.P1 where the two genes
were transcribed with almost equal rates.

To detect for changes during cultures of cells,
HT1080 cells were analyzed during lagphase (lag), ex-
ponential growth (log) and after reaching confluency
(stat; Fig. 1B). Although the absolute levels of transcrip-
tion did not change dramatically, an increase of the
excess of COL4A1 transcription from 1.6:1 in freshly
plated cells to 2.6:1 in confluent cells couid be observed.
Thus, cell type and culture conditions seem to have only
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Table 1

Compurison of relative rates of transcription and mRNA levels of
human al(1V) and a2(IV) in different cells (Values represent molar
ratios of al(IV):a2(1V)).

Cells Transcription mRNA level

A431
HBL100
HE
Hs723.P1
Tera2
HT1080/lag
HT1080/exp
HT1080/stat

I e TG
Q@RI Y
A IIN LA LA
e moee
AL —OOALLW
R S 7 N Y

little influence on the ratio of transcription rates of
COL4A1 and COL4A2,

3.2, Steady-state levels of collagen type IV mRNAs

To allow an accurate measurement of molar amounts,
the steady-state levels of al(JV) and 22(IV) mRNAs
were determined by a ribonuclease protection assay of
cytosolic RNA isolated from the cells used for nuclear
run-on analysis. Riboprobes of identical speciiic activ-
ity and specific for short regions of both mRNAs, were
mixed for RNase protection with equal amounts of iso-
lated RNA from different cells. Fragments of 147 and
118 bases were resistant against digestion with ribonu-
clease, specific for the a1(IV) and a2(IV) mmRNA, re-
spectively (Fig. 2A). The highest levels of mRNAs were
found in the placenta-derived cell Hs723.Pl, whereas the
established cell lines showed significantly lower levels of
mRNAs (Fig. 2B). In Tera2, Hs723.P1 and HT 1080 cells
about equal amounts of each mRNA were detected. An
excess of a2(IV) mRNA was found in A431, HBL10O
and HE cells. Thus the ratio of steady-state levels of
mRNAs did not correspond to the ratios of transcrip-
tion rates of the collagen type IV genes (see Fig. 1B).
The influence of cell growth was found to be more
pronounced at the mRNA level than at the transcrip-
tional level, The ratio of o«l(IV):x2(IV) mRNAs
changed from 1.1:1 in freshly plated HT1080 cells to
0.4:1 in confluent cells, whereas the ratio of transerip-
tion rates increased from 1.6:1 to 2.6:] (see Table I).

3.3. Chain composition of secreted collagen type IV mol-
eciles

The chain composition of secreted type IV was ana-
lyzed by metabolic labeling of HT1080 cells grown to
different cell densities and SDS-gel electrophoresis (Fig.
3). The chain composition of secreted collagen type IV
remained constant and showed a ratio of about 2:i for
the amounts of &1(1V) and a2(IV) subunits in all cases.
From these experimenis, it became clear ihat the com-
position of the secreted collagen type IV molecules is
independent of the varijations in the relative steady-state
levels of mRNAs.
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Fig. 3. Scparation by SDS-PAGE of secreted proteins from HT1080

cells after metabolic labelling with [**S]methionine. Cells were grown

for 8 (lag), 40 (exp) or 72 h (stat) before labeling and aliquots of the

medium representing identical numbers of cells were fractionated by

SDS-PAGE and labeled proteins visualized by fluorography. Two

Tepresentative experiments are shown and the collagen type 1V chains
are indicated.

4. DISCUSSION

Type IV collagen isolated from diffeient basement
membranes always revealed heterotrimeric molecules of
the subunit structure al(IV),22(IV) [1,2,24]. On the
other hand, there are reports that the steady-state levels
of mRNAs from different tissues in rat [25] or from skin
fibroblasts from donors of different ages [26] can vary
to a large extent. Because only little information was
available about the coordinated regulation of these
genes, we investigated the variations at different levels
of expression.

The transcription rates for the COL4Al and
COL4A2 genes were found to be very low for the
human cell lines investigated. The amount of specific
transcripts was less than 0.2% of the level of S-tubulin
transcription, when calculated on a molar basis. Al-
though the low levels of expression and the complexity
of the probes made it difficult to measure transcription
rates of the collagen type IV genes as exact as those of
B-tubulin and S-actin, the ratio of transcription rates of
COL4A] and COL4A2 could be determined in suffi-
cient accuracy in several experiments. They were found
to be relatively constant and most cells revealed a ratio
of about 2:1. Additionally, the relative transcription
rates changed only slightly in HT1080 cells during cell
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growth. We assume that the unique organisation of the
collagen type 1V genes in a bidirectional transcription
unit is responsible for this coordination at the transcrip-
tional level.

In contrast to the relatively stable transcription rates,
analysis of the steady-state levels of mRNAs revealed
higher variability. The amounts and ratios of al1(1V)
and o2(IV) mRNAs differed between different cell lines,
even though no striking variations had been seen at the
transcriptional level. Generally, in most cases the
amount of a2(IV) mRNA wus higher than that of
al(IV). Only in cells with high mRNA centent, like
Hs723.Pl and HT1080, the two mRNA species vere
found in about equal amounts. The higher variability of
the steady-state levels of coliagen type IV mRNAs is in
contrast with the relative constant transcription rates
and this may be due to an additional control mechanism
used for fine tuning of expression by limiting the
amount of translation of one subunit. From our exper-
iments we cannot deduce which post-transcriptionai
evenis are involved in the modulaiion of the mRNA
ratio. For rabbit corneal endothelial cells it was shown
that the half-life of 22(I'V) mRNA changes significantly
under different culture conditions [28}. Complex post-
transcriptional regulatory mechanisms were also de-
tected for different murine teratocarcinoma-derived cell
lines [29].

It is interesting to compare the gene regulation of type
1V collagen with that of the fibre-forming type I colla-
gen molecule, also representing a heterotrimer of the
subunit structure [c1(I),a2(I)]. It has been noted that
the collagen type I genes are strictly regulated to a tran-
scription ratio of 2:1, although the two genes COL1Al
and COL1A2 are located on different chromosocimes
[30). Similar cis-acting elements found in both promot-
ers of the two genes may be responsible for this effect
[31]. Different from type IV collagen the ratio of a1(1V)
and a2(IV) mRNAs remained relatively constant at
abeut 2:1 [32].

In contrast to the variation of relative ratio of a1(IV)
and a2(1V) mRNAs the secreted type IV collagen mole-
cules always contained two al(IV) and one a2(1V)
chains. This ratio seems to be controlled by the assem-
bly of the subunit chains before formation of the triple
helix. During this step the subunits associate via their
C-terminal domains into a complex with the typical 2:1
stoichiometry. Single chains not incorporated into a
triple helicai molecule may be degraded as shown for
collagen type I {33]. Thus, the final composition of se-
creted functional molecules appears to be determined
during the step of chain assembly which also compen-
sates for imbalances at earlier stages of expression.
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