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THE ROLE OF MACROPHAGE DERIVED GROWTH FACTORS IN PULMONARY FIBROSIS

Abstract - Factors released from rdt alveolar macro-

phages exposed to high 95 v9/mL) concentrations of PRINUPAL INVESTIGATORS

the fibrogenic agent, nickel subsulfide, were found J. A. Pickrell

to inhibit the proliferation of cultured lung epl- 11. Jarpe

thelial cells and stimulate the growth of fibro- J. M. Benson

blasts. Such factors, if present in the alveoli of R. F. Henderson

rats exposed by inhalation to nickel subsulfide in

vivo, may play a role in inhibiting re-epithelization of nickel-damaged lungs and in stimulating

fibroblast proliferation, leading to pulmonary fibrosis.

Early cellular events following injury by a fibrogenic agent indicate that a delicate balance

exists between re-epithelization of alveoli by Type 11 epithelial cells and fibroplasia.1-3 Since

both fibroblasts and epithelial cells have been shown to respond to growth factors,4-6 these

growth promoting or growth inhibiting proteins may play an important role in te resolution of

lung injury.

The pulmonary alveolar macrophage (AM) has potential for being a key mediator of cell

proliferation in the lung. AMs have been shown to be producers of chemoattractants for neutrophil

and monocyte migration into alveoli from the bloodstream. AMs can produce competence factors that

prepare a cell for the signal to replicate, progression factors that provide the actual signal,

and proteins tat inhibit or stimulate growth.6 These characteristics point to the alveolar

macrophage as a powerful mediator of cell proliferation in the lung, which can lead to either

fibroplasia, normal healing, or an increase in epithelial cell numbers yperplasia).

Our study focused on the growth factors released by rat alveolar macrophages exposed to three

concentrations of a known fibrogenic agent, nickel subsulfide.7 The growth factor activity was

assessed by the effect of supernatant media from cultured macrophages on 3H-thymidine uptake into

macromolecules by a rat lung epithelial cell line and by IMR-90 human lung fibroblasts. The

results indicate that alveolar macrophages exposed to 95 vig/mL nickel subsulfide, the highest

concentration tested, released a soluble factor that inhibited Type II epithelial cell

proliferation and stimulated fibroblast proliferation.

MATERIALS AND METHODS

Alveolar Macrophage In�ubations

Alveolar macrophages were obtained from 6 Fischer 344/N rats 3 males, 3 females), 416 wk

old. The rats were sacrificed by intraperitoneal injection of sodium pentobarbital followed by

axial exsanguination. The lungs were removed and lavaged with 46 mL of ulbecco's phosphate-

buffered saline. Diff Quick stain (Harleco, Gibbstown, NJ) was used to identify the cells in the

lavage fluid as macrophages. The cells were incubated 15 min in lris-HC1 (pH 75) at 37% to lyse

any red blood cells. Three million cells were plated in each 35 mm tissue-culture-treated petri

d i s h .The dishes were incubated 2 h at 37%, 65% C02 in either Ham's F12 with 0.1% gentamycin

and 2 heat-inactivated newborn calf serum (Sigma) or in Eagle's Minimal Essential Medium (MEM)

with glutamine, nonessential amino acids, 0.1% gentamycin and 2 heat-inactivated fetal bovine

serum.
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After the 2-h incubation to allow attachment, the medium was removed and replaced by the SaME,

medium with 0, 35, 60 and 95 pg/mL nickel subsulfide (from International Nickel Co., INCO). TheSE

dishes, and duplicate dishes with the same nickel subsulfide concentrations but without

macrophages, were incubated for 1 h.

The medium was collected and the suspended cells were removed by centrifugation. The dishes

were scraped to remove the attached cells, which were then pooled with the unattached cell

fraction. Relative viability of these macrophages was estimated using the Trypan Blue dye

exclusion test. The nickel subsulfide particles were removed by centrifugation at 4800 x g.

larqet_Cells

Type 11 epithelial cells: The response of this cell type was studied using a lung epithelial

cell (LEC) line developed at ITRI.8 These cells were grown to confluency in Ham's F-12 medium

containing 0.1% gentamycin and 10% heat-inactivated newborn calf serum. They were seeded intc

Corning 96-well microliter plates 2500 cells/well) and again grown to confluency. Twenty-four

hours prior to the addition of the AM supernatant media, the serum-containing medium was removed

from the LECs and identical medium without serum was added. This was done to induce a quiescent

state in the cells.

Fibroblasts: To study the response of this cell type, the IMR-90 diploid human lung

fibroblast was used.9 After the cells were grown to confluency in MEM as described above, but

with 10% heat-inactivated fetal bovine serum, they were seeded into microliter plates (2500

cells/well) and grown to confluency. Twenty-four hours prior to dosing with AM supernatant,

quiescence was induced as described above.

Dosing of Target Cells

The AM supernatant (and the medium incubated with Ni3S2 but without macrophages) was added to

the quiescent cultures of target cells in microliter plates in concentrations of 10, 20 and 50 of

the total volume of the wells. The supernatant media corresponding to the media the target cells

were grown in was used for dosing (Table 1). Also added to each well was PCi of 3H-thymidine.

Enough serum was added to the wells to bring all serum concentrations to 1%, including the fresh

serum and serum remaining in the supernatant from the macrophage incubation.

Another experiment was run concurrently to assess the effects of growth factor on nonquiescent

(normally growing) cells. In this case, the cells were incubated in medium with 10% serum until

they were dosed with macrophage supernatant media.

Table I

Volumes Added to Each Microtiter Well for Dosing of Target Cells

0% Serum 10% Serum 3Tda Supernatantb

Dilution Media (yL) Media (pL) (pL) Media (IjL)

10% 19b 0 20 24

20% 172 0 20 48

50% 100 0 20 120

10% i- Serum 177 19 20 24

20% + Serum 158 14 20 48

50% + Serum 100 0 20 120

a] i/20 PL.

bSupernatant from macrophage incubations contained 2 serum.
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Effect of Serum Concentration

The growth-promoting effects of serum concentration on the target cells and the effect of

serum concentration on AMs were also tested by incubating AMs with 4 serum concentrations between

0 and 2 for 18 h, adding the supernatant from that incubation (plus a control incubated with the

same serum concentrations without macrophages) to the target cells, and determining macrophage

viability and target cell uptake of 3H-thymidine.

Harvesting of Cells

The microliter plates were incubated for 24 h and then harvested using a Skatron Cell

Harvester. The 3H-thymidine uptake into macromolecules (DNA) was determined by liquid

scintillation spectrometry.

RESULTS

Serum Concentration

The effect of serum concentration on AM viability is shown in able 2 Figure I shows the

target cell response to serum concentration in media incubated without AMs.

Table 2

Effect of Concentration of Heat-Inactivated Serum

on the Viability of Alveolar Macrophages Incubated for 18 h

Percent Viability

Minimal Essential Ham's F12 Medium

Medium With Fetal With Newborn

Percent Serum Bovine Serum Calf Serum

0 84.0 78.6

0.5 85.2 75.5

1.0 84.0 71.6

2.0 90.0 83.2

Viability in
Lavage Fluid 91.1 90.0
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Figure 1. Effect of serum concentration on target cells. A. Uptake of 3H-thymidine 3H-Td by
lung epithelial cells vs. the concentration of heat-inactivated newborn calf serum in the medium.
B. Uptake of 3H-Td by IMR-90 lung fibroblasts vs. the concentration of heat-inactivated fetal

bovine serum in the media.
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Standards

Platelet derived growth factor (PDGF) was adopted as a positive standard for inducing IMR-90

proliferation. PDGF had a linear dose response between 3 and 20 ng/mL.

Nickel Subsulfide

The AM incubations with nickel subsulfide at 0, 35, 60 and 95 ig/mL concentrations yielded

cells with approximately 90, 65, b and 50% viability. The values presented in Figures 2 and 3

show the proliferation as indicated by 3H-thymidine uptake as a function of AM cytotoxicity for

all three concentrations of supernatant media tested.

Also shown are graphs depicting the ratio of the response of the target cells to AM

supernatant to the response of trget cells dosed with control media incubated without AMs

(Figs. 4 and 5).
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Figure 2 The response of lung epithelial cells to additions of alveolar macrophage supernatant
media. The response is measured in terms of disintegrations per minute of tritiated thymidine
(3H-Td) taken up into the macromolecules of the cells. Three concentrations of supernatant medium
are shown (10%, 20%, 50%), with the X axis representing the concentration of Ni3S2- The
cytotoxicity of the macrophages exposed to the indicated concentration of nickel subsulfide is
shown in parentheses below the value for the concentration. Data were not obtained from the
control cells for the 50% supernatant concentration.
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Figure 3 The response of IMR-90 lung fibroblasts to additions of alveolar macrophage supernatant
media. The response is measured in terms of disintegrations per minute of tritiated thymidine
(3H-Td) taken up into the macromolecules of the cells. Three concentrations of supernatant medium
are shown (10%, 20%, 50%), with the X axis representing the concentration of Ni3S2- The
cytotoxicity of the macrophages exposed to the indicated concentration of nickel subsulfide is
shown in parentheses below the value for the concentration.
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Figure 4. The response of lung epithelial
0. cells to macrophage supernatant media as a

ratio of the response to media incubated with

and without alveolar macrophages, but with the
9 0.6 - same concentrations of nickel subsulfide.

Three concentrations of supernatant medium are

shown (10%, 20%, 50%), with the X axis
0.4 - representing te concentration of Ni3S2. The

cytotoxicity of the macrophages exposed to the

indicated concentration of nickel subsulfide
0.2 (10%) is shown in parentheses below the value for

(5(20%) the concentration. Data were not obtained0%)
from the control cells for the 50% supernatant

0 tration.
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Figure 5. The response of IMR-90 lung

fibroblasts to macrophage supernatant media as 4

a ratio of the response to media incubated

with and without alveolar macrophages, but

with the same concentrations of nickel (20%)

subsulfide. Three concentrations of super-

natant medium are shown (10%, 20%. 50%), with a:

the X axis representing the concentration of 2 (50%)

Ni3S2- The cytotoxicity of the macrophages

exposed to the indicated concentration of

nickel subsulfide is shown in parentheses 1-

below the value for the concentration.
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DISCUSSION

Serum Concentration

Preliminary studies indicated that 2 serum resulted in optimal viability for the AM. The

target cells had maximum proliferation at serum concentrations of 1% or above.

Nickel Subsulfide

Lung epithelial cells: This cell strain showed a decreased proliferation when exposed to

supernatant media from AMs exposed to the highest concentration of nickel subsulfide tested 95

jig/mL). This did not appear to be due to a supressive or cytotoxic effect from the small amount

of nickel subsulfide dissolved in the media, because the effect was also observed when the data

were plotted as a ratio of the response to media incubated with nickel subsulfide with and without

Alls (Fig. 4 The supressive effect of the AM supernatant caused the cells to proliferate less

than cells that were given media with no serum at all. These facts strongly suggest that AMs

injured to 50% cytotoxicity (50% viability) release a soluble factor that either kills or inhibits

the proliferation of lung epithelial cells.
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Lung f ibroblasts : The supernatant from the AMs injured to 50% cytotoxicity with 95 ig/mL

nickel subsulfide caused a stimulation of the cells at all concentrations tested. This response

was greater than could be explained by the addition of serum (Fig. 5). However, the greatest

stimulation of the target cells occurred at the lowest concentration of supernatant media, and the

lowest response occurred at the highest concentration. This may result from the release of both a

growth promoter and a growth inhibitor by the injured macrophages, in which case, the inhibitor is

diluted out in the lower concentrations of supernatant (10%) tested.

The results suggest that Ni3S2-exposed AM release factors that inhibit LEC proliferation and

enhance fibroblast growth. These effects may be a part of the mechanism for production of

pulmonary fibrosis in animals exposed by inhalation to Ni3S2-
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