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Retinoid modulation of collagenase production by
adherent human mononuclear cells in culture*
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SUMMARY Previous observations have suggested that retinoids might be useful for the treatment
of rheumatoid arthritis. In this study we examined the effects of various retinoids on collagenase
production by adherent human peripheral blood mononuclear cells in culture. We have
previously shown that these cells, consisting predominantly of monocyte-macrophages, actively
synthesise and secrete collagenase upon stimulation with concanavalin A.16 The cells were
incubated in serum free medium with all-trans-retinoic acid, 13-cis-retinoic acid, all-trans-retinal,
or Ro 10-9359 (trimethylmethoxyphenyl retinoic acid ethyl ester) for up to 72 hours, and the
collagenase activity was determined with [3H]proline labelled type I collagen as substrate.
The incubation of mononuclear cells with all-trans-retinoic acid in the concentration range 107-
10-5 mol/l resulted in a dose dependent inhibition of the collagenase production. All-trans-retinal
was also a potent inhibitor, whereas 13-cis-retinoic acid and Ro 10-9359 in a concentration of
10-5 mol/l had a lesser effect. Control experiments indicated that the inhibition of collagenase
production by all-trans-retinoic acid did not result from inhibition of total protein synthesis nor
could it be explained by induction of an inhibitory molecule. These results indicate that retinoids
with distinct structural features can inhibit collagenase production by monocyte-macrophages,
and suggest a role for retinoids in the treatment of rheumatoid arthritis.

Key word: monocytes.

Retinoid therapy has recently been suggested for
rheumatoid arthritis.2 This suggestion was based on
several experimental observations attesting to the
potential efficacy of retinoids as antirheumatic
agents. For example, in the adjuvant arthritis
experimental model of rheumatoid arthritis the oral
administration of 13-cis-retinoic acid (13-cis-
RA) significantly reduced the joint inflammation
in the rat.3 Also, adherent cells isolated from the
inflamed joints of the rats treated with 13-cis-RA
secreted less collagenase than the control cultures.3
Furthermore, all-trans-RA, 13-cis-RA, and
4-hydroxyphenylretinamide (4-HPR) have been
shown to reduce the production of collagenase by
synovial cells in culture.4 5 These observations
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suggest that retinoids may interfere with collagenase
production also in vivo and could be beneficial in the
treatment of rheumatoid arthritis. On the other
hand, in the collagen induced rat model of arthritis
both 13-cis-RA and 4-HPR augmented the in-
flammatory component of arthritis.6 Thus the multi-
plicity of the effects of retinoids on various animal
systems as models for human rheumatoid ar-
thritis,3 6 and the proposed effects of retinoids on
cellular metabolism,7 'require additional studies to
establish any validity of retinoids for treatment of
rheumatoid arthritis.

Monocyte-macrophages, the hallmark of chronic
inflammatory processes, have been shown to synthe-
sise and secrete proteases, including collagenase,
which are thought to mediate tissue destruction in
diseases.96 We have recently shown that adherent
mononuclear cells cultured from human peripheral
blood actively synthesise and secrete collagenase
when stimulated with concanavalin A.'6 The en-
zyme was shown to be similar to other mammalian
collagenases in that it cleaved native type I collagen
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at a single locus three quarters of the chain length
away from the amino terminus of the molecule.'6
The enzyme was shown to be secreted in an active
form, but the activity could be enhanced by sulphy-
dryl reagents such as N-ethylmaleimide (NEM).'6
The total cumulative production in a 48 hour culture
of the adherent mononuclear cells activated by
concanavalin A was shown to be of the same order
of magnitude as the enzyme activity present in the
same number of polymorphonuclear leucocytes.'6
Thus collagenase synthesised and secreted by
monocyte-macrophages present in rheumatoid syno-

vium may contribute to the connective tissue de-
struction in this disease. To assess the potential of
monocytes as a target for retinoid therapy we have
examined in this study the effects of various
retinoids on collagenase production in adherent
mononuclear cell cultures.

Materials and methods

RETI NOIDS
All-trans-RA and all-trans-retinal were purchased
from Sigma Chemical Co, St Louis, MO; 13-cis-RA
and Ro 10-9359 (trimethylmethoxyphenyl RA ethyl
ester; etretinate) were obtained from Hoffmann-La
Roche, Nutley, NJ. The retinoids were dissolved in
ethanol immediately before use and kept in the dark
during the procedures. The final concentration of
ethanol in cell cultures was 0- 19% or less (except for
5x10-5 M all-trans-RA, in which case it was 1%).
Parallel control cultures were incubated with etha-
nol alone in the corresponding concentration. Etha-
nol in 0-2% concentration was not toxic to the cells,
as assessed by [3H]leucine incorporation, trypan
blue dye exclusion test, or by release of lactate
dehydrogenase (LDH) to the medium (see below).
Also, 0.2% ethanol had no effect on collagenase
production by these cells. One per cent ethanol
inhibited collagenase production in control cultures
by 19%.

MONONUCLEAR CELL CULTURES

Blood samples were obtained from healthy volun-
teers and from a patient with haemochromatosis
whose monocytes have been previously shown to be
active in synthesising and secreting collagenase even

without concanavalin A activation. 16 Peripheral
blood mononuclear cells were isolated by den-
sity gradient centrifugation on Ficoll-Hypaque
(Histo?aque-1077; Sigma Chemical Co, St Louis,
MO). I The isolated mononuclear cells were pooled,
washed in Hanks's balanced salt solution (HBSS),
and suspended in serum free Dulbecco's modified
Eagle's medium (Gibco, Grand Island, NY) sup-
plemented with 2 mM L-glutamine, 100 U/ml

penicillin, 100 ,ug/ml streptomycin, and 0-2% lactal-
bumin hydrolysate (DMEM-LH; Sigma). To estab-
lish the monocyte cultures 2x 106 cells in 500 RI of
DMEM-LH were plated in 24-well tissue culture
plates (Corning, NY). The mononuclear cells were
allowed to adhere for 120 min under 5% C02/95%
air at 37°C. The medium containing the unadhered
cells was then removed, the adherent cells were
washed with 500 Rl of HBSS, and 500 Rl of fresh,
serum free DMEM-LH was added to the cultures.
To enhance the production of collagenase the
culture medium was supplemented with 20 [ig/ml
concanavalin A (Difco, Detroit, MI); the retinoids
were added at the same time. The incubations were
then continued for varying time periods up to 73
hours at 37°C under 5% C02/95% air.

COLLAGENASE ASSAY
At different times of cell incubation aliquots of the
serum free media were assayed for collagenase
activity by a sensitive and specific method.'8 In
these assays [3H]proline labelled, native, triple
helical type I collagen, with a specific activity of
2*27x104 cpm/4g, was used as substrate. Details
of this assay procedure have been reported
previously.18 Briefly, in a standard assay the subs-
trate (3x 104 cpm in 20 RI of 0*01 M acetic acid) was
mixed with 10 ,ul of 0-5 M TRIS (trometamol)-HCl,
pH 7-8, containing 2.0 M NaCl, 0-1 M CaCl2 and
0-1 M NEM, and with 10 itl of a solution containing
bovine serum albumin, 0.2 mg/ml. Aliquots (60 [tl)
of the tissue culture supernatant to be assayed for
collagenase activity were then added, and the
incubations were continued for 120 min at 37°C. The
collagenase digestion was stopped by the addition of
50 RI of 0.2 M disodium ethylenediaminetetra-
acetate (Na2EDTA). Unlabelled soluble type I
collagen, trypsin, and a-chymotrypsin, in final
concentrations of 0.2, 0-16, and 0*16 mg/ml respec-
tively, and dissolved in 0-2 M NaCI and 50 mM
TRIS-HCI, pH 7.5, were then added to give a final
volume of 400 gIl; the incubations were continued for
another 20 minutes at 37°C. An equal volume of
20% ice cold trichloroacetic acid (TCA) was then
added, and the undigested [3H]proline labelled
substrate was precipitated by centrifugation. The
radioactivity in the supernatant, representing col-
lagen degradation, was counted with a liquid scin-
tillation counter (Beckman LS-7500). In each assay
a set of control tubes containing medium not
incubated but containing trypsin and a-chymotryp-
sin was included. Collagenase activity was expressed
in units (U), where 1 U equals 1 tg collagen
degraded per minute.
For assay of intracellular collagenase activity the

medium was removed and the adherent monocytes
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were rinsed with phosphate buffered saline.
DMEM-LH, 500 [tl, was added to each well, the
cells were then detached by scraping with a rubber
policeman and homogenised with a Teflon glass
tissue homogeniser at 4°C. The homogenates were
centrifuged at 18 000 g for 20 min, and the super-
natants were assayed for collagenase activity as
above.

OTHER ASSAYS
Total protein synthesis by the cultured mononuclear
cells was assayed by incubation of the cells with 1-11
MBq of [L-4,5-3H]leucine (specific activity 5 59
TBq/mmol; Amersham) under conditions identical
with those used for collagenase production. At the
end of incubation protease inhibitors were added to
the following final concentrations: Na,EDTA
(10 mmol/l), NEM (10 mmol/l). and phenylmethyl-
sulphonyl fluoride (0-3 mmol/l). The adherent
cells were detached by brief sonication, and the
[3H]leucine labelled macromolecules in combined
medium and cell fractions were precipitated by the
addition of an equal volume of 20% TCA. The TCA
precipitates were collected on Millipore prefilters
(Millipore, AP 1502500, Millipore. Bedford. MA)
on a vacuum manifold. The filters were air dried and
counted in a Beckman LS-7500 liquid scintillation
counter, as described previously. 16

The viability of mononuclear cells was estimated
by a trypan blue dye exclusion test. 19

The LDH activity in the culture medium was
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Fig. 2 Time depenidenit inihibition of collagen production
bs all-tratis-retinoic acid. A dherent hluman mononuclear
cells from a patient with haemochromatosis were incubated
as in Fig. 1 either without (0), or with 10 M (U) or
10 M (v) all-trans-retinoic acid. The collagenase activity
was determined at the times indicated as described in
'Alaterials and methods'. The values are mean (SEM) of
four parallel determiniations.

assayed by a modification of the method of Wrob-
lewski and LaDue211 using a commercial kit (Sigma
Chemical Co).
The protein content of cell homogenates after

sonication was assayed by a colorimetric method21
using commercial reagent (Bio-Rad Laboratories,
Richmond, CA).

STATISTICAL ANALYSIS
The results were evaluated for statistical significance
by Student's t test.

Results

INHIBITION OF COLLAGENASE PRODUCTION
BY ALL-TRANS-RETINOIC ACID
The effect of retinoids on collagenase production by
adherent human mononuclear cells was first studied
by incubating cells isolated from the blood of a
patient with haemochromatosis in the presence of
varying concentration of all-trans-RA. A dose de-
pendent inhibition of collagenase production was
noted in the concentration range 10-9- x10-5 mol,l
(Fig. 1). The mean inhibition by 10-5 M all-trans-
RA in three independent experiments was 64-7
(16.3)% (mean (SD)) when compared with control
cultures incubated with 0-2% ethanol alone. The
inhibition by 10-6 M and 10-5 M all-trans-RA was
also shown to be time dependent (Fig. 2). Similar
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inhibition of collagenase production was also
observed in monocyte cultures established from two
healthy volunteers; these cell cultures required the
presence of concanavalin A for collagenase produc-
tion. In the cultures established from healthy
subjects 10-5 M all-trans-RA inhibited the collage-
nase production by 60 6 (2.6)% (Table 1, experi-
ment 2) and 58-1 (5-1)% respectively (mean (SD)).
To examine the specificity of all-trans-RA on

collagenase production several control experiments
were performed. Firstly, the total protein synthesis
was determined by incorporation of [3H]leucine in
the cell cultures. The results indicated that the
incorporation of radioactivity into protein in the
control and 10-5 M all-trans-RA treated cultures
was 1-62 (0-05)x 104 and 1-35 (0.21)x 104 cpm/2x 106

Table 1 Effects of various retinoids on collagenase
production by adherent human mononuclear cells in
culture*

Retinoid
tested

Experiment 1:
None (control)
All-trans-RA
All-trans-RA
1 3-cis-RA
13-cis-RA
Ro 10-9359
Ro 1(-9359
All-trans-retinal
All-trans-retinal

Experiment 2:
Nonc (control)
All-trans-RA
All-trans-RA
13-cis-RA
1 3-cis-RA
Ro 10-9359
Ro 10-9359
All-trans-retinal
All-trans-retinal

Concentrationi Coltagenoase
(moNh) production

(Ultng cell '%, 0
proteitt) cotitrol

1()
t)-

1()
10
1()-

1(0
1W

6-7 (0(6)
3-9 (0.1)
14 (0-1)
6-6 (0-2)
5-9 ((0.5)
7.5 (0(5)
7-() (0(5)
4-5 (()-I)

3-1 (0(1)
26(0(1)
12 (0. 1)
2-8 (0-2)
18 ((.I)
2-8 (0-1)
18 ((1)
2-1 ()-1)
0-4 (()-1)

1(- 6

1()

1() 5

1()-

1()-1
It) 5'
1o1)

I (H-()
582
20(-9
985-
88-1
111-9
104 5
67 2
55-2

1000(()
86-(
39.4
92-2
57-7

92-5
56-0
69-1
14-3

NS
<()-(1)0
NS
<0(1)I
<0()(1l
<(-(H)01

*Adherent mononuclear cell cultures were cstablishcd from
peripheral blood of a patient with haemochromatosis
(experimcnt 1) or a hcalthy voluntecr (cxperiment 2). The
cells were incubated for 72 h in serum frcc mcdium containing
the retinoid in the final conccntration indicatcd. The collagcnasc
activity was then assayed as indicated in 'Matcrials and mcthods'.
tl U equals 1 ig collagen dcgraded per minute: the values are
expressed per mg ccil protcin in the samc cultuires (nmcan (SEM) of
four parallcl determinations).
tCalculated by Student's t test; NS=statisticalls not significant.

cells respectively (mean (SD); p>0-10). Also, no
difference in the LDH activity released into the
medium by cells incubated with or without 10-5 M
all-trans-RA was noted (results not shown). Thus
there was no evidence of generalised inhibition of
protein synthesis or cell membrane damage.
To examine the possibility that all-trans-RA might

reduce the collagenase detectable in cell culture
medium by directly inhibiting the enzyme activity,
medium from control cultures was assayed for
collagenase activity directly in the presence of 10-5
M all-trans-RA. The results indicated that the
enzyme activity was not altered in the presence of
this retinoid, when compared with control incu-
bation containing the corresponding amount of
ethanol.

In further studies the possibility that the retinoid
might inhibit the secretion of collagenase from the
cells was examined by assaying the intracellular
activity. As indicated previously, 6 very little, if any,
intracellular enzyme activity was present in either
control or all-trans-RA treated cells, excluding the
possibility that the retinoid might interfere with the
secretory process leading to collagenase accumula-
tion in the cellular compartment.

Finally, mixing experiments were performed to
examine the possibility that the reduced collagenase
activity noted in the retinoid treated cultures might
result from induction of an inhibitory molecule,
rather than from reduced collagenase production.
Incubation of control medium with aliquots of
media from cultures containing all-trans-RA showed
that the enzyme activity present in the mixture was
the same as the added activities noted in each
medium when assayed alone. Furthermore, incuba-
tion of control medium with the homogenate of cells
from cultures incubated with all-trans-RA did not
suggest the presence of an inhibitor molecule. Thus
these observations suggest that all-trans-RA inhibits
the collagenase production by adherent mononuc-
lear cells on the level of protein synthesis.

EFFECTS OF OTHER RETINOIDS ON

COLLAGENASE PRODUCTION
Several additional retinoids were first tested in
monocyte cultures established from the patient with
haemochromatosis for their effects on collagenase
production. All-trans-retinal had a significant effect
in the concentrations studied (Table 1, experiment
1). Somewhat surprisingly, 10-6 and 10-' M 13-cis-
RA had no effect on collagenase production, while a
62-5% reduction was noted with 10-4 M 13-cis-RA.
This last concentration, however, is unphysiologic
and may have been toxic to the cells. Ro 1-9359
had no effect in 10-6 or 10-5 mol/l concentration
(Table 1, experiment 1).

-6
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In contrast with the observations made in mono-
cyte cultures from the patient with haemochromato-
sis, 10-5 M 13-cis-RA and Ro 10-9359 significantly
reduced the collagenase production by normal
monocyte cultures (Table 1, experiment 2). The
degree of inhibition with these retinoids, however,
was still less than that noted with all-trans-RA in the
same cultures. All-trans-retinal had a marked in-
hibiting effect in both cultures.

Discussion

In the present study we have investigated the effect
of retinoids on the production of collagenase by
human adherent mononuclear cells in culture. The
mononuclear cells from healthy controls synthesise
and secrete collagenase only when activated by
incubation with concanavalin A.16 In addition, cells
from a patient with haemochromatosis were studied;
these cells are active in synthesising collagenase
even without concanavalin A activation. The activa-
tion of collagenase production by the latter cells may
be associated with increased serum iron concentra-
tion in the patient with haemochromatosis.22 Since
monocyte-macrophage collagenase may contribute
to the destruction of connective tissue components
in rheumatoid arthritis the inhibition of collagenase
production by retinoids such as all-trans-RA could
potentially result in improvement of rheumatoid
arthritis. Similar inhibition of collagenase produc-
tion by all-trans-RA has been previously reported in
human skin fibroblast and rheumatoid synovial cell
cultures 4 2325

Previous animal studies examining the effects of
retinoids when using collagen induced or adjuvant
arthritis as experimental models for human rheu-
matoid arthritis have been conflicting. Specifically,
treatment of adjuvant arthritic rats with 13-cis-RA
resulted in considerable improvement of the tissue
inflammation,3 yet an augmentation of the in-
flammatory process in the collagen induced arthritis
model was observed.6 As indicated previously,3 the
discrepancy in the effectiveness of 13-cis-RA in
these two animal models of rheumatoid arthritis
could have several explanations, including the re-
tinoid dosage and the type of rats used. An
alternative explanation could be offered based on
the results of this study, showing that 13-cis-RA has
a lesser effect on monocyte-macrophage collagenase
production. In fact, monocyte cultures established
from a patient with haemochromatosis were unre-

sponsive to 10-5 M 13-cis-RA, while collagenase
production by the same cells was readily inhibited by
all-trans-RA. The reasons for this discrepancy are
not apparent, especially since all-trans-RA and
13-cis-RA share the same cellular binding receptors,

at least in human skin fibroblasts.2' The differences
in the postreceptor events between all-trans-RA and
13-cis-RA and their corresponding receptor com-
plexes may explain the differential effect on the
mononuclear cells of a patient with haemochroma-
tosis. Thus if monocyte-macrophage collagenase has
a predominant role in the inflammatory-destructive
process of the collagen induced arthritis, lack of
efficacy of this retinoid could be explained on the
basis of predominant macrophage participation.
The exact mechanisms of the inhibition of collage-

nase production by all-trans-RA in mononuclear cell
cultures are not clear at this point. Control experi-
ments excluded, however, generalised inhibition of
protein synthesis or induction of an inhibitor mol-
ecule as an explanation. Furthermore, no evidence
of cell toxicity was noted, as monitored by the
release of LDH activity into the extracellular milieu
or assessed by viability of the cells by trypan blue
exclusion. Furthermore, all-trans-RA appeared not
to interfere with the secretion of collagenase from
the cells. Thus it is conceivable that all-trans-RA
inhibited the collagenase production on the trans-
criptional or translational level of protein synthesis.
Previous studies have shown that the inhibition of
collagen production in human skin fibroblast cul-
tures by all-trans-RA is accompanied by a similar
decrease in the level of type I procollagen messenger
ribonucleic acid.24 Thus similar pretranslational
mechanisms could be operative in modulating the
collagenase production by retinoids in mononuclear
cells in culture.

The authors wish to thank Charlene D Aranda for excellent
secretarial assistance. This research was supported in part by
USPHS, NIH grants AM-28450, GM-28833, and AM-35297. and
by a grant from the Arthritis Foundation, Southern California
Chapter.
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