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Background : Matrix metalloproteinase (MMP)-2 and MMP-9 degrade type IV collagen and
are antagonized by the tissue inhibitors of metalloproteinase (TIMP)-2 and TIMP-1, respective-
ly. Methods : We studied by immunochistochemistry the expressions of MMP-2, MMP-9, TIMP-
1 and TIMP-2 in 72 cases of adenocarcinoma of the gallbladder. Results : The MMP-2, MMP-
9 and TIMP-1 expressions were significantly higher in well/moderately differentiated adeno-
carcinomas than in poorly differentiated adenocarcinomas, in adenocarcinomas that had invad-
ed the lamina propria/proper muscle than in those that had invaded the perimuscular connec-
tive tissue or beyond the serosa, and in adenocarcinomas with fungating growth than in those
with infiltrative growth. The TIMP-2 expression showed a similar pattern without statistical sig-
nificance. Regarding the status of lymph node metastasis, the MMP-2 expression was signifi-
cantly higher in cases without lymph node metastasis. The MMP-2 and MMP-9 expressions
were significantly related to those of TIMP-2 and TIMP-1, respectively, with regard to depth of
invasion, differentiation, and growth patterns of the adenocarcinomas. Conclusions : MMP-2,
MMP-9, TIMP-1 and TIMP-2 are suggested to play important roles in the progression to early
invasion of adenocarcinomas, in which the function of MMP-2 is inhibited by TIMP-2.
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Fig. 1. Matrix metalloproteinase (MMP)-2 expression is immunohistochemically positive in early stage (A) and negative in advanced stage
(B) of invasive adenocarcinoma of the gallbladder.

Fig. 2. Matrix metalloproteinase (MMP)-9 expression is immunohistochemically positive in well differentiated adenocarcinoma (A) and
negative in poorly differentiated adenocarcinoma (B) of the gallbladder.
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Table 1. Expression of MMP-2 in adenocarcinoma of the gall-
bladder
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Table 3. Expression of TIMP-1 in adenocarcinoma of the gall-
bladder

MMP-2 immunoreactivity (%)

TIMP-1 immunoreactivity (%)

Positive Negative Positive Negative

Depth of invasion* Depth of invasion*

Lp/Pm (n=20) 19(95.0) 1(5.0) Lp/Pm (n=20) 17 (85.0) 3(15.0)

S (n=52) 26 (50.0) 26 (50.0) S (n=52) 15(28.8) 37(71.2)
Differentiation* Differentiation*

Well/Moderate (n=51) 39 (76.5) 12 (23.5) Well/Moderate (n=51) 30(58.8) 21(41.2)

Poor (n=21) 6(28.6) 15(71.4) Poor (n=21) 2(9.5) 19 (90.5)
Growth pattern* Growth pattern*

Fungating (n=18) 17 (94.4) 1(5.6) Fungating (n=18) 16 (88.9) 2(11.1)

Infiltrative (n=44) 20 (45.5) 24 (54.5) Infiltrative (n=44) 9(20.5) 35(79.5)

Mixed (n=10) 8(80.0) 2(20.0) Mixed (n=10) 7(70.0) 3(30.0)
LN metastasis* LN metastasis'

Positive (n=18) 8(44.4) 10 (55.6) Positive (n=18) 6(33.3) 12 (66.7)

Negative (n=23) 18 (78.3) 5(21.7) Negative (n=23) 14 (60.9) 9(39.1)

Unidentified LN (n=31) 19(61.3) 12(38.7) Unidentified LN (n=31) 12(38.7) 19(61.3)

MMP: matrix metalloproteinase, Lp: lamina propria, Pm: proper muscle,
S: perimuscular connective tissue and beyond serosa, LN: lymph node.
* p value<0.05.

Table 2. Expression of MMP-9 in adenocarcinoma of the gall-
bladder

TIMP: tissue inhibitor of metalloproteinase, Lp: lamina propria, Pm: proper
muscle, S: perimuscular connective tissue and beyond serosa, LN; lymph
node. *: p value<0.05, " p value>0.05.

Table 4. Expression of TIMP-2 in adenocarcinoma of the gall-
bladder

MMP-9 immunoreactivity (%)

Positive

TIMP-2 immunoreactivity (%)

Negative Positive Negative

Depth of invasion* Depth of invasion*

Lp/Pm (n=20) 18(90.0) 2(10 Lp/Pm (n=20) 15 (75.0) 5(25.0)

S (n=52) 20 (38.5) 32(61.5 S (n=52) 9(17.3) 43(82.7)
Differentiation* Differentiation’

Well/Moderate (n=51) 33(64.7) 18(35.3) Well/Moderate (n=51) 21(41.2) 30(58.8

Poor (n=21) 5(23.8) 16 (76.2) Poor (n=21) 3(14.3) 18 (85.7)
Growth pattern* Growth pattern*

Fungating (n=18) 17 (94.4) 1(5.6) Fungating (n=18) 14 (77.8) 4(22.2)

Infiltrative (n=44) 16 (36.4) 28 (63.6) Infiltrative (n=44) 5(11.4) 39 (88.6)

Mixed (n=10) 5(50.0) 5(50.0) Mixed (n=10) 5(50.0) 5(50.0)
LN metastasis' LN metastasis'

Positive (n=18) 9(50.0) 9(50.0) Positive (n=18) 5(27.8) 13(72.2)

Negative (n=23) 15(65.2) 8(34.8) Negative (n=23) 10 (43.5) 13 (56.5)

Unidentified LN (n=31) 4(12.9) 27 (87.1) Unidentified LN (n=31) 9(29.0) 22 (71.0)

MMP: matrix metalloproteinase, Lp: lamina propria, Pm: proper muscle,
S: perimuscular connective tissue and beyond serosa, LN: lymph node.
* p value<0.05, ": p value >0.05.
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TIMP: tissue inhibitor of metalloproteinase, Lp: lamina propria, Pm: proper
muscle, S: perimuscular connective tissue and beyond serosa, LN; lymph
node. *: p value<0.05, ": p value >0.05.
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Fig. 3. Tissue inhibitor of metalloproteinase (TIMP)-1 expression is immunohistochemically positive in adenocarcinoma with fungating
growth (A) and negative in adenocarcinoma with infiltrative growth (B) of the gallbladder.

Fig. 4. Tissue inhibitor of metalloproteinase (TIMP)-2 expression is immunohistochemically positive in adenocarcinoma with invasion into
the lamina propria (A) and negative in adenocarcinoma with invasion into the perimuscular connective tissue (B) of the gallbladder.
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Table 5. Relationship of MMP-2/TIMP-2 expression in adeno-
carcinoma of the gallbladder

MMP-2/TIMP-2 immunoreactivity (%)

++ +/- I+ /-

Depth of invasion*

Lp/Pm (n=20) 14(70.0) 5(250) 1(5.0) 0(0.0)
S (n=52) 7(135) 19(365) 2(3.8) (46.2)
Differentiation*

Well/Moderate (n=51) 18(35.3) 21(41.2) 3(5.9) 17.6)
Poor (n=21) 3(143) 3 0(0.0) 15(7

Growth pattern*

Fungating (n=18) 13(722)  4(222) 1(56) 0(00)
Infiltrative (n=44) 5(114) 15(341) 0(0.0) 24(54.5)
Mixed (n=10) 3(300) 5(500) 2(20.0) 0(0.0)

LN metastasis’

Positive (n=18) 4(222)  4(222) 1(56) 9(500)
Negative (n=23) 9(39.1)  9(391) 1(43) 4(17.4)
Unidentified LN (n=31)  8(25.8) 11(355) 1(32) 11(355)

MMP: matrix metalloproteinase, TIMP: tissue inhibitor of metallopro-
teinase, Lp: lamina propria, Pm: proper muscle, S: perimuscular connective
tissue and beyond serosa, LN: lymph node.

* p value<0.05, " p value>0.05.
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Table 6. Relationship of MMP-9/TIMP-1 expression in adeno-
carcinoma of the gallbladder

MMP-9/TIMP-1 immunoreactivity (%)

++ +/- [+ -/-
Depth of invasion*
Lp/Pm (n=20) 16(80.0) 2(10.0) 1(5.0) 1(5.0)
S (n=52) 12(23.1) ) 3(58) 29(55.8)
Differentiation™
Well/Moderate (n=51) 26(51.0) 7(13.7) 4(7.8) 14(27.5)
Poor (n=21) 2(9.5) 3(143) 0(0.0) 16(76.2)

Growth pattern®
Fungating (n=18)
Infiltrative (n=44)

15(833) 2(11.1) 1(56) 0(0.0)
8(182) 8(182) 1(23) 27(61.4)

Mixed (n=10) 5(500) 0(00) 2(20.0) 3(30.0)
LN metastasis’

Positive (n=18) 4(222) 5(278) 2(11.1) 7(38.9)

Negative (n=23) 13(565) 2(87) 1(43) 7(304)

Unidentified LN (n=31) 11(355) 3(9.7) 1(32) 16(51.6)

MMP: matrix metalloproteinase, TIMP: tissue inhibitor of metallopro-
teinase, Lp: lamina propria, Pm: proper muscle, S: perimuscular connec-
tive tissue and beyond serosa, LN: lymph node.

* p value<0.05, ": p value>0.05.
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