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lnterferon-7 Inhibits Collagen Synthesis by Human
Tenon's Capsule Fibroblasts In Vitro
Savina Q. Low, Shinichi Kitada, and David A. Lee
Collagen deposition is largely responsible for scar formation, an undesirable outcome of glaucoma
filtering surgery. Because interferon-7 (IFN-7) has been reported to inhibit collagen synthesis in a
variety of cells, the authors examined its effect on collagen synthesis by Tenon's capsule fibroblasts
cultured from three patients. In addition, the authors studied the effects of IFN-7 on fibroblast proliferation. IFN-7 inhibited collagen synthesis at dosages of 1-10,000 U/ml. The average median effective
dose (EDSO) was 6.60 U/ml. In contrast, IFN-7 had no significant effect on cell proliferation in dosages
of 0.001-10,000 U/ml. These results suggest that IFN-7 may be a useful agent for modifying the
wound healing response, particularly after glaucoma filtering surgery. Invest Ophthalmol Vis Sci
32:2964-2969,1991

Excessive wound healing commonly causes failure
of glaucoma filtering surgery.12 Histopathological
studies of eyes after failed glaucoma filtering procedures show that the proliferation of fibroblasts and
concomitant deposition of collagen eventually results
in wound contraction and scar formation.13 Because
the process of wound healing is composed of a complex cascade of interrelated events, it can be modulated by pharmacological intervention at various
stages. A myriad of drugs have been demonstrated to
inhibit important events in wound healing. For example, low doses of colchicine were found to inhibit fibroblast migration and proliferation in vitro.4 Both dexamethasone and triamcinolone acetate at low concentrations stimulate fibroblast proliferation; at high
concentrations these agent inhibit fibroblast proliferation.5 In addition, the anticoagulant heparin, when
administered with cortisone, inhibits angiogenesis.6
The antineoplastic agent 5-fluorouracil helps to improve the success of glaucoma filtering surgery in
monkeys when injected subconjunctivally,1 and in
rabbits when administered via bioerodible polymers.7-8 Currently, it is the only drug commonly used
in patients at high risk for failure after glaucoma filtering surgery. Unfortunately, its use subconjunctivally

From the Jules Stein Eye Institute, UCLA School of Medicine,
Los Angeles, California.
This research was supported in part by the NIH grants EY07701
and EY00331, the Lucille Ellis Simon Glaucoma Research Fund.
Submitted for publication: September 5, 1990; accepted June 5,
1991.
Reprint requests: David A. Lee, MD, Jules Stein Eye Institute,
University of California, Los Angeles, 100 Stein Plaza, Los Angeles,
CA 90024-7004.

frequently is associated with toxic side effects, such as
corneal epithelial defects and conjunctival wound
and needle track leaks.9"11
In our search for a less-toxic alternative, we considered interferon-7 (IFN-7), which has been shown to
inhibit collagen synthesis in vitro in a variety of cell
types.12"18 As a potent lymphokine, IFN-7 may be
able to inhibit collagen synthesis by ocular fibroblasts
in vitro at relatively low doses, thus minimizing adverse effects. To test this hypothesis, we investigated
the effect of various doses of IFN-7 on collagen synthesis relative to total protein synthesis in Tenon's capsulefibroblastsfrom three different human cell lines.
Materials and Methods
Cell Culture
Tenon's capsule specimens were obtained from
three ocular surgery cases with the approval of the
UCLA Human Subject Protection Committee. Patient ages were 36, 61, and 82 yr. The tissues were
processed within 12 hr after surgery by rinsing thoroughly in phosphate buffered saline (PBS) (Dulbecco's without magnesium and calcium, Flow Laboratories, McLean, VA), mincing into 1-mm cubes,
and plating in 35-mm diameter tissue culture dishes
(Falcon tissue culture, Becton Dickinson, Lincoln
Park, NJ). A few drops of Minimal Essential Media
(MEM) (Flow Laboratories) supplemented with 15%
fetal bovine serum (FBS), 100 IU/ml penicillin G, 100
/ig/ml streptomycin, and 0.25 /ug/ml amphotericin B
were placed over the tissue, which was then covered
with a coverslip and an additional 2 ml of antibiotic
and serum-containing MEM. This antibiotic combination has been shown to have no net effect on cell
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growth in tissue culture.19 The dishes were then
placed in a humidified 5% CO2 incubator at 37°C.
Fibroblasts usually appeared within 3-7 days and
reached confluence within 2-4 weeks. The confluent
cultures were passaged by washing with PBS, detaching with 0.05% trypsin (Sigma Chemical Co., St.
Louis, MO) at 37°C for 10 min, adding MEM containing 10% FBS to stop trypsinization, centrifuging
the cell suspension at 1,000 rpm, and transferring the
pellet resuspended in 10% FBS-supplemented MEM
into three 7 5-cm2 flasks. The cell lines were repassaged after becoming confluent and maintained in
150-cm2 flasks with MEM containing 10% FBS.
Gamma-Interferon Treatment
Freshly trypsinized fibroblasts at the seventh or
eighth passage were plated in 16-mm well diameter
24-well plates (Costar, Cambridge, MA) at a density
of 30,000 cells per well. Viable cell number was quantified by staining with trypan blue and counting with a
hemocytometer. Cells were incubated with 1 ml of
MEM supplemented with 10% FBS at 37°C in a 5%
CO2 atmosphere. Seven days after plating, cells were
treated for the first 24 hr with 1 ml of fresh 10% FBSsupplemented MEM containing appropriate concen-
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trations of recombinant human IFN-7 (Genzyme,
Boston, MA). All treatments and controls were done
in triplicate wells for each experiment. Three experiments were performed using three different cell lines.
Collagen Synthesis
Collagen synthesis was determined using a modified version of the method described by Diegelmann
et al (Fig. I).20 After exposure to IFN-7 for 24 hr, the
cells were pulsed with MEM containing 5% serum, 40
/iCi/ml [3H]-proline (26 Ci/mmol, Amersham, Arlington Heights, IL), 50 /ug/ml ascorbic acid, and
various concentrations of IFN-7. The cells were incubated for 30-34 hr in 5% CO2 at 37 °C. The pulse was
terminated by heating the plate for 10 min at 90 °C
and sonicating for 30 sec per well at 20% power (Biosonik III, Rochester, NY). One-fifth of a milliliter of
the cell homogenate was removed from each well, and
1 ml of a 1 mg/ml aqueous bovine serum albumin
solution was mixed in by pipetting in and out to provide carrier protein. Total protein was precipitated
with approximately 5% trichloroacetic acid (TCA)
and washed six times by repeated centrifugation at
2,000 rpm (Beckman Model J-6B, Palo Alto, CA),
aspiration of the supernatant, and precipitation with
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10% TCA in a 1-mM solution of cold L-proline
(Sigma, St. Louis, MO).
Trichloroacetic acid was extracted by addition of
cold ethanol:ethyl ether (3:1) after the last centrifugation, and the dried protein was incubated in 0.5 ml of
an incubation buffer containing 60 /miol Hepes
buffer (pH 7.2), 1.25 ^mol N-ethylmaleimide, and
0.25 fimol CaCl2 for 4 hr in a shaking water bath (80
cycles/min) at 37°C. Next, the protein suspensions
were precipitated with 0.5 ml of a 5% TCA solution
followed by 0.5 ml of a 10% TCA solution, and the
supernatants were saved as the incubation blank. Total protein was again freed of TCA and dried. This was
digested with 10 vial units of bacterial collagenase
Form III (Advanced Biofractures, Lynbrook, NY) in
0.5 ml incubation buffer under the same conditions as
described for the incubation blank.
Using this collagenase, an incubation time of 4 hr
was demonstrated to be optimal for complete collagen digestion.18 Noncollagen protein (NCP) was precipitated in 5% and 10% TCA solutions, and the supernatants were saved as the collagenase-digestible
protein (CDP). The pellets were dissolved with 0.5 ml
of 0.2 N NaOH followed by 1 ml of 0.2 N HC1 and
saved as the NCP fraction. All manipulations after
sonication were performed at 4°C. Aliquots of each
incubation blank, collagen fraction, and noncollagen
fraction were placed in miniature polyethylene scintillation vials (Packard, Downers Grove, IL) with
Ready Protein scintillation cocktail (Beckman, Palo
Alto, CA) in a 1:7 dilution, vortexed, and placed in
total darkness overnight to minimize chemiluminescence. Radioactivity (disintegrations per minute) in
each vial was counted for 1 min the next day using a
Packard 1900 CA Tri-Carb liquid scintillation analyzer.
For each well, percent collagen synthesized relative
to total protein was calculated with an equation similar to one used to assay chick embryo collagen synthesis.21
net CDP total DPM
X 100.
net CDP total DPM
+ (NCP total DPM X 4.0)
The coefficient of 4.0 was derived from the known
amino acid compositions of various human collagen
and noncollagen proteins. In human collagen, proline
and hydroxyproline constitute approximately 21.8%
of the total amino acid residues, whereas noncollagen
proteins contain an average of 5.5% proline and hydroxyproline.22 Therefore, human collagen contains
approximately 4.0 times more proline and hydroxyproline than noncollagen protein.
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Data points corresponding to any particular concentration of IFN-7 were plotted as percent adjusted
control:
X % collagen synthesis
- minimum % collagen synthesis
X 100
control % collagen synthesis
- minimum % collagen synthesis
Fibroblast Proliferation

The effect of a 3-day incubation with 0.001-10,000
U/ml of IFN-7 on Tenon's capsule fibroblast proliferation was determined in a separate set of experiments.
This was performed according to the method described by Givens et al23 using a different human cell
line and a colorimetric assay that relates cell number
to cytoplasmic hexosaminidase activity.
Statistics
Dose-response curves were compared by two-way
analysis of variance (ANOVA), and the average median effective dose (ED50), standard error (SE), and
95% confidence intervals were estimated by the interpolation method described by Finney.24 F ratios were
calculated for two parameters: curve and dose. The
accepted level of statistically significant difference between parameters was a corresponding P value of less
than 0.05. The power of comparison was calculated
for any corresponding P value of greater than 0.05.
Results
Interferon-7 caused collagen synthesis to decrease
in a dose-response manner. At the maximal tested
doses, collagen synthesis inhibition ranged from 40%
to 54% relative to controls. The dose-response curves
are shown in Figure 2, and the corresponding ED5Os
and 95% confidence intervals are summarized in Table 1.
Dose-dependent inhibition of collagen synthesis in
all three experiments was confirmed by dose-parameter F ratios corresponding to P values of less than
0.05. However, experiments 2 and 3 (donor ages 36
and 61 yr) differed significantly from experiment 1
(donor age 82 yr) when curve parameters were compared. Experiments 2 and 3 did not differ significantly
from each other in this parameter, and their power of
comparison was 0.212. The average ED50 for the three
experiments was 6.60 U/ml, with an overall 95% confidence interval between 1 and 53 U/ml.
Interferon-7 had no significant effect on fibroblast
proliferation at any of the concentrations of IFN-7
tested (Fig. 3), and no toxicity was apparent microscopically.
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Fig. 2. The inhibitory effect of IFN-7
on collagen synthesis by three cell
lines. Average SES = 10.6, 13.3, and
5.74 for experiments 1,2, and 3, respectively.

gamma-interferon

Discussion
Extracellular matrix collagens produced by fibroblasts are largely responsible for scar formation, an
undesirable outcome of glaucoma nitration surgery.
Using a recently developed microassay,20 we investigated the effect of a range of IFN-7 doses on collagen
synthesis by Tenon's capsule fibroblasts in culture.
The advantages of using this procedure over other
published protocols are many.20 Because all manipulations were performed in the original well, this microassay measured total collagen synthesis encompassing intracellular and both extracellular matrix
and nonmatrix collagen, and eliminated experimental variability associated with transferring materials
into different containers. In addition, it involved a
10-min heating step at 90 °C, which terminated radioisotopic uptake, destroyed proteolytic activity, and facilitated cell membrane disruption. In general, the
protocol was well suited for our objectives. We modified the published procedure for our cell lines according to trial and error and communication with the
authors.20 In our system, we found the presence of
serum and a pulsing time beyond 5 hr necessary for
adequate incorporation of [3H]-proline into cell proteins.
Human IFN-7 is a 40-50 kD glycoprotein25 primarily produced by mitogen- or antigen-stimulated T
lymphocytes. It has antiviral and antitumor activity
and is a potent immunomodulator. In concentrations
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as low as 1 U/ml, IFN-7 has been demonstrated to
cause physiological effects, such as the induction of
Class II surface antigen expression.26
In agreement with others12151618 who studied the
effect of IFN-7 o n collagen synthesis by various cell
types, we found an inhibitory effect at concentrations
greater than 1 U/ml. By using fibroblasts from three
patients, we also found that dose-dependent collagen
synthesis inhibition by IFN-7 could be demonstrated
in different patient cell lines. At the time of writing
this manuscript, this is the first report of IFN-7's inhibitory effect on collagen synthesis by any type of
ocular fibroblast. Analyses of variance reveal that
curves of experiments 2 and 3 are not statistically different, although their power of comparison is relatively low. The curve of experiment 1 is significantly
different from the curves of the other two experiments, reflecting a lesser sensitivity to IFN-7's inhibitory effect on collagen synthesis. However, small sample size (n = 3) precludes a meaningful analysis of
variable cell line sensitivities to IFN-7.
Table 1. Median effective doses of gamma-interferon
on independent cell lines
Cell
line

Donor
age (yrs)

Surgical
case

ED50 (U/ml)

(95% confidence
interval)

82
61
36

Glaucoma
Glaucoma
Strabismus

46.5
3.01
2.05

(41.4-52.3)
(2.71-3.34)
(1.18-3.58)
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Effect of gamma-interferon on ocular
fibroblast

proliferation

Fig. 3. No inhibitory effect by IFN-?
onfibroblastproliferation. Average SE
= 0.0287.
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In a variety of clinical studies, IFN-7 is used to treat
patients with cancer. Commonly reported side effects
after subcutaneous or intravenous administration include fever,27"33 chills,28"32 fatigue,27"30'3233 and headache.27'28'30'32-33 Mild side effects are thought to be attributable to poor absorption of IFN-7 from tissue
sites.34 Because a regional decrease in collagen deposition is desired after glaucoma filtration surgery, lowdose local IFN-7 delivered to the eye may avoid causing adverse systemic effects and inhibit postoperative
scarring.
The ability to inhibit collagen synthesis by Tenon's
capsule fibroblasts without affecting fibroblast proliferation implies potential clinical usefulness for IFN-7
as an adjunct to glaucoma filtration surgery. Being a
physiological substance, IFN-7 may be a suitable alternative to 5-FU by inhibiting wound healing more
specifically. In the eye, it may elicit its biological activities locally and efficaciously. If adverse side effects are
minimal, IFN-7 may be a useful adjunct to glaucoma
filtering surgeries with poor surgical prognoses, as well
as the treatment of proliferative vitreoretinopathy
and other ocular scarring disorders.
Key words: collagen synthesis,fibroblasts,interferon-7
Acknowledgments
The authors thank Dr. Robert F. Diegelmann for helpful
discussions and Dr. Jeffrey A. Gornbein for his statistical
analysis.

Downloaded from iovs.arvojournals.org on 01/25/2022

References
Gressel MG, Parrish RKII, and Folberg R: 5-Fluorouracil and
glaucoma filtering surgery. I. An animal model. Ophthalmology 91:378, 1984.
Tahery MM and Lee DA: Review: pharmacologic control of
wound healing in glaucoma filtration surgery. J Ocul Pharmacol 5:155, 1989.
Addicks EM, Quigley HA, Green RW, and Robin AL: Histologic characteristics of filtering blebs in glaucomatous eyes.
Arch Ophthalmol 101:795, 1983.
Verndoorn C, de Lavalette R, Victor W, Dalma-Weizhausz J,
Orr GM, Sorgente N, and Ryan SJ: Cellular migration, proliferation, and contraction. Arch Ophthalmol 104:1216, 1986.
Blumenkranz MS, Claflin A, and Hajek AS: Selection of therapeutic agents for intraocular proliferative disease, cell culture
evaluation. Arch Ophthalmol 102:598, 1984.
Folkman J, Langer R, Linhardt RJ, Haudenschild C, and Taylor S: Angiogenesis inhibition and tumor regression caused by
heparin or a heparin fragment in the presence of cortisone.
Science 221:719, 1983.
Lee DA, Flores RA, Anderson PJ, Leong KW, Teekhasaenee
C, de Kater AW, and Hertzmark E: Glaucoma filtration surgery in rabbits using bioerodible polymers and 5-fluorouracil.
Ophthalmology 94:1523, 1987.
Lee DA, Leong KW, Panek WC, Eng CT, and Glasgow BJ: The
use of bioerodible polymers and 5-fluorouracil in glaucoma
filtration surgery. Invest Ophthalmol Vis Sci 29:1692, 1988.
Heuer DK, Parrish RK II, Gressel MG, Hodapp E, Palmberg
PF, and Anderson DR: 5-Fluorouracil and glaucoma filtering
surgery. II. A pilot study. Ophthalmology 91:384, 1984.
10. Lee DA, Hersh P, Kersten D, and Melamed S: Complications
of subconjunctival 5-fluorouracil following glaucoma filtering
surgery. Ophthalmic Surg 18:187, 1987.
Heuer DK, Parrish RK II, Gressel MG, Hodapp E, Desjardins
DC, Skuta GL, Palmberg PF, Nevarez JA, and Rockwood EJ:
5-Fluorouracil and glaucoma filtering surgery. III. Intermediate follow-up of a pilot study. Ophthalmology 93:1537,1986.

No. 11

INHIBITION OF COLLAGEN SYNTHESIS BY INTERFERON-7 / Low er ol

12. Goldring MB, Sandell LJ, Stephenson ML, and Krane SM:
Immune interferon suppresses levels of procollagen mRNA
and type II collagen synthesis in cultured human articular and
costal chondrocytes. J Biol Chem 261:9049, 1986.
13. Goldring MB: Control of collagen synthesis in human chondrocyte cultures by immune interferon and interleukin-1. J
Rheumatol 14(Suppl):64, 1987.
14. Granstein RD, Murphy GF, Margolis RJ, Byrne MH, and
Amento EP: Gamma-interferon inhibits collagen synthesis in
vivo in the mouse. J Clin Invest 79:1254, 1987.
15. Amento EP, Bhan AK, McCullagh KG, and Krane SM: Influences of gamma interferon on synovialfibroblastlikecells. la
induction and inhibition of collagen synthesis. J Clin Invest
76:837, 1985.
16. Jimenez SA, Freundlich B, and Rosenbloom J: Selective inhibition of human diploidfibroblastcollagen synthesis by interferons. J Clin Invest 74:1112, 1984.
17. Stephenson ML, Krane SM, Amento EP, McCroskery PA, and
Byrne M: Immune interferon inhibits collagen synthesis by
rheumatoid synovial cells associated with decreased levels of
the procollagen mRNAs. FEBS Lett 180:43, 1985.
18. Nanes MS, McKoy WM, and Marx SJ: Inhibitory effects of
tumor necrosis factor-a and interferon-7 on deoxyribonucleic
acid and collagen synthesis by rat osteosarcoma cells (ROS 17/
2.8). Endocrinology 124:339, 1989.
19. Litwin J: The effect of antibiotics on the growth and longevity
of human diploid fibroblasts in vitro. Acta Pathol Microbiol
Scand[B] 81:593, 1973.
20. Diegelmann RF, Bryson GR, Flood LC, and Graham MF: A
microassay to quantitate collagen synthesis by cells in culture.
Anal Biochem 186:296, 1990.
21. Diegelmann RF and Peterkofsky B: Collagen biosynthesis during connective tissue development in chick embryo. Dev Biol
28:443, 1972.
22. Reeck G: Amino acid compositions of selected proteins. In
Handbook of Biochemistry and Molecular Biology, Fasman
GD, editor. Vol 3, 3rd ed. Cleveland, CRC Press, 1975, pp.
504-524.
23. Givens KT, Lee DA, Rothschiller J, Kitada S, Larian B, and
Cortes A: Antiproliferative drugs and human ocular fibroblasts: Colorimetric vs. cell counting assays. Curr Eye Res
9:599, 1990.

Downloaded from iovs.arvojournals.org on 01/25/2022

2969

24. Finney DJ: Quantal responses and the tolerance distribution.
In Statistical Method in Biological Assay, Finney DJ, editor.
3rd ed. London, Charles Griffin & Co., 1978, pp. 349-369.
25. Vilcek J, Gray PW, Rinderknecht E, and Sevastopoulos CG:
Interferon 7: A lymphokine for all seasons. In Lymphokines,
Pick E, editor. Vol 11. Orlando, Academic Press, 1985, pp.
1-32.
26. Bottazzo GF, Todd I, Mirakian R, Belfiore A, and PujolBorrell R: Organ-specific autoimmunity: A 1986 overview. Immunol Rev 94:137, 1986.
27. Russo D, Fanin R, Zuffa E, Gallizia C, Michieli M, Damiani
D, Testoni N, Pecile V, Colombini R, Tosi P, Baccarani M, and
Tura S: Treatment of Ph+ chronic myeloid leukemia by
gamma interferon. Blut 59:15, 1989.
28. Maluish AE, Urba WJ, Longo DL, Overton RW, Coggin D,
Crisp ER, Williams R, Shenvin SA, Gordon K, and Steis RG:
The determination of an immunologically active dose of interferon-gamma in patients with melanoma. J Clin Oncol 6:434,
1988.
29. Aulitzky WE, Aulitzky W, Gastl G, Lanske B, Rattier J, Frick
J, Tilg H, Berger M, Herold M, and Huber C: Acute effects of
single doses of recombinant interferon-7 on blood cell counts
and lymphocyte subsets in patients with advanced renal cell
cancer. J Interferon Res 9:425, 1989.
30. Silver RT, Benn P, Verma RS, Coleman M, Soper S, and Gutfriend A: Recombinant gamma-interferon has activity in
chronic myeloid leukemia. Am J Clin Oncol (CCT) 13:49,
1990.
31. Heagy W, Groopman J, Schindler J, and Finberg R: Use of
IFN-7 in patients with AIDS. Journal of Acquired Immune
Deficiency Syndrome 3:584, 1990.
32. Otto U, Conrad S, Schneider AW, and Klosterhalfen H: Recombinant interferon gamma in the treatment of metastatic
renal cell carcinoma. Results of a phase II trial. Arzneimittelforschung 38:1658, 1988.
33. Laszlo J, Goldstein D, Gockerman, J, Hood L, Huang AT,
Triozzi P, Sedwick WD, Hillel K, Ellinwood EH, and Tso CY:
Phase I studies of recombinant interferon-7. J Biol Response
Mod 9:185, 1990.
34. Gutterman JU, Rosenblum MG, Rios A, Fritsche HA, and
Quesada JR: Pharmacokinetic study of partially pure 7-interferon in cancer patients. Cancer Res 44:4164, 1984.

