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Foreign Body Reaction and Expression of Matrix Metalloproteinases/
Tissue Inhibitor of Metalloproteinase by Injection of Mineral Fibers in Rats

Dong Kweon Seo - Jong Im Lee - Jung Ran Kim
Department of Pathology, Dongguk University College of Medicine, Gyeongju, Korea

Background: The host response to natural fibers results in granuloma formation in an effort to
limit tissue destruction. Matrix metalloproteinases (MMPs) are important molecules in the inflam-
matory granulomatous or reparative reaction. Here, we studied the foreign body reaction that oc-
curs following natural fibers implantation by investigating MMPs and tissue Inhibitor of MMPs
(TIMPs) in an in vivo model. Methods: Female Sprague-Dawley rats were treated with crocidolite
fiber or fibrous talc via subcutaneous and intraperitoneal injections and immunohistochemistry
was conducted to confirm the expression of MMPs and TIMP-2 in tissue sections. Results: We
identified that mineral fibers elicited granulomas. Fibrous talc or intraperitoneal injection resulted
in larger granulomas and severe tissue destruction compared with the lesions induced by crocid-
olite or subcutaneous injection. The expression of MMPs was elevated while granulomatous le-
sions were formed. The relative levels of MMPs were lower in the talc injected or intraperitoneal
route models than those of crocidolite injected or subcutaneous injection models during the en-
tire experiment. Conclusions: These findings demonstrate that specific expression of MMPs/TIMP
is inversely related to the grade of tissue destruction and suggest that expression of MMPs is re-
quired for promoting granuloma formation and limiting tissue destruction.
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Table 1. The numbers of rats sacrified for histological analysis after subcutaneous or intraperitoneal injection of mineral fiber
Days post-injection
Mineral fibers Subcutaneous injection Intraperitoneal injection
1 7 15 30 60 143 60 143 222
Crocidolite 3 3 5(2) 5(2) 5 4 5(2) 3 4
Fibrous talc 3 3 5(2) 5(2) 62 3 5(2) 4(1) 4
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Fig. 1. Immunohistochemical analysis of matrix metalloproteinase (MMP)-2 (A-D), MMP-9 (E-H) and tissue Inhibitor of MMP (TIMP)-2 (I-L) ex-
pression in granulomas of rats by crocidolite or fibrous talc. Negative (A, E, 1), mild (B, F, J), moderate (C, G, K), and strong (D, H, L) staining.
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Fig. 2. Size of lesions induced by subcutaneous injection of miner-
al fibers. The size of lesions induced by fibrous talc is larger than
that of crocidolite (p < 0.05).
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Fig. 3. Photomicrograph of the lesion at 60 days after subcutaneous
injection of crocidolite. The well-delineated subcutaneous nodule
(A), consisting of sheets of histiocytes and scattered giant cells (B).
High power view of the lesion demonstrates mineral fibers in the
cytoplasm of histiocytes and giant cells (C). Under polarizing light
strong birefiringence of crocidolite is seen (D).

Fig. 4. (A-D) Microscopic finding of the lesion with or without polar-
izing light at day 222 after intraperitoneal injection of fibrous talc.
The foreign body reaction is still present at the adhesion site be-
tween the hepatic capsule and intestinal wall (A) and at the hepatic
capsule (B). The arrows indicate fibrous talc (C). The fibrous talc
shows birefringence (D).

Table 2. Frequency of granuloma formation in rats after subcutaneous or intraperitoneal injection of mineral fiber

Days post-injection

Mineral fibers Subcutaneous injection

Intraperitoneal injection

60 143 60 143 222
Crocidolite 5/5 (100) 1/4 (25) 1/4 (25) 5/5 (100) 2/3 (66.7) 3/4(75)
Fibrous talc 6/6 (100) 0/3(0) 0/4 0) 5/5 (100) 2/4 (50) 2/4 (50)

The frequency percentage of granuloma formation at each time point is described in parentheses.
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Fig. 5. Immunohistochemical expression of matrix metalloprotein-
ases (MMPs)/tissue Inhibitor of MMP (TIMP)-2 at 60 days after sub-
cutaneous injection of crocidolite. The majority of macrophages and
multinucleated giant cells strongly express MMP-2 (A) and MMP-9
(B, C). The TIMP-2 is expressed in monocytes within granuloma (D).
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Fig. 6. Semi-quantitative determination of the expression of matrix
metalloproteinase (MMP)-2, MMP-9, and tissue Inhibitor of MMPs
(TIMP)-2 in the subcutaneous lesions of rats by crocidolite and fi-
brous talc at days 1, 7, 15, 30, and 60 after injection. MMP-2 (A)
and MMP-9 (B) in the lesion by crocidolite are consistently elevated
after 7 days that is when granulomatous reaction occurs to the
foreign body. In the lesion by fibrous talc, MMP-2 (A) is below the
level than that seen in the crocidolite lesion. TIMP-2 expression is
earlier than MMPs (C). Immunoreactivity: 1, negative; 2, trace; 3,
mild; 4, moderate; 5, strong.
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Fig. 7. Semi-quantitative analysis of matrix metalloproteinases (M-
MPs)/tissue Inhibitor of MMPs (TIMP)-2 in the granulomatous lesion
of rats by intraperitoneal injection at day 60, 143, and 222. MMP-2
(A) and MMP-9 (B) decrease below detectable level at day 143 (A).
At day 222 after injection, the levels of MMP-9 (B) and TIMP-2 (C)
in two types of lesions are reversed. 1, negative; 2, trace; 3, mild; 4,
moderate; 5, strong.
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