
Regulation of gelsolin expression by Egr-1. Since Egr-1 is a

transcription factor, the correlation of expression between

Egr-1 and gelsolin suggests that Egr-1 may regulate gelsolin

expression. To investigate whether Egr-1 can directly

regulate gelsolin expression, we performed several additional

experiments. 

First we examined Egr-1 and gelsolin expression in Egr-1

null mouse embryo fibroblasts and wild-type mouse embryo

fibroblasts before and after serum stimulation. As shown in

Figure 3, serum stimulation strongly induced Egr-1 mRNA

in wild-type cells, accompanying induction of gelsolin

expression as determined by RT-PCR. Again, this

observation further supported the hypothesis that Egr-1 may

regulate gelsolin expression. 

Then we examined gelsolin promoter activity in both Egr-

1 null mouse embryo fibroblasts and wild-type mouse

embryo fibroblasts. As shown in Figure 4, the gelsolin

promoter activity was strongly induced in Egr-1 wild-type

cells compared with Egr-1 null cells. 

To demonstrate that Egr-1 binds to the sequence within

the gelsolin promoter, the putative Egr-1 binding site was

used in gel shift assays. As shown in Figure 5, the Egr-1

protein was able to bind to the gelsolin Egr-1 putative

binding site (CGG CTC CCG CCC GCG CCC TGC CC),

but not with the mutant Egr-1 putative binding sites

(CGG CTC CaG CCC GaG CCC TGC CC). The binding

could be competed for with the unlabeled Egr-1 consensus

motif (GCGGGGGCG). Furthermore, non-Egr-1-

expressing bacterial extract did not bind to the gelsolin.

In addition, the specific DNA-protein complex was

supershifted by the addition of Egr-1 antibody, strongly

suggesting that Egr-1 binds to the gelsolin promoter Egr-

1 putative binding site. 

Discussion 

Since we first reported that Egr-1 can suppress human

tumor cell growth, growing evidence suggests that Egr-1

functions as a tumor suppressor gene (14). First, Egr-1

suppresses growth of a number of tumor cell types both in
vitro (tissue culture) and in vivo (tumorigenicity assay in

nude mice), including human fibrosarcoma, glioblastoma

and breast cancer cell lines (14, 15). Other studies also

demonstrated that Egr-1 can inhibit the growth of human

glioblastoma (18, 19), neuroblastoma (20), hepatoma (21),

esophageal cancer (22, 23), leiomyoma (24) and leukemia

(25). Secondly, expression of Egr-1 was significantly reduced

in a number of tumor cells such as fibrosarcoma (14), breast

cancer (15), lung cancer (33), glioblastoma (15, 17-19, 46),

esophageal cancer (22, 23), thyroid carcinoma (34) and

leiomyoma (24). In addition, cancer cells often become

resistant to apoptosis. Interestingly, Egr-1 plays an

important role in thapsigargin-inducible apoptosis (35), UV-

induced apoptosis (36), calyculin A-induced apoptosis (37)

and promotion of apoptosis in human neuroblastoma cells

(20). Egr-1 also inhibits angiogenesis (29, 38) which is

important for tumor cell growth. A number of anticancer

agents, such as genistein (39), COX inhibitor (40), curcumin

(41) and trifluoperazine (19), function through modulation

of Egr-1. Genetic evidence suggests that Egr-1 was deleted

in malignant myeloid (42) and ER-negative human breast

carcinoma (16). Furthermore, Egr-1 can regulate the

coordinated expression of a set of genes, including PTEN
(36), TGF-‚1, Bcl-2, fibronectin (FN) and plasminogen
activator inhibitor-1 (PAI-1) (43), all of which are important

to normal growth control (44). Lastly, growing evidence

suggests that many zinc finger proteins function as tumor

suppressors or as negative regulators of cell proliferation.

Our finding that expression of Egr-1 was significantly
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Table I. Egr-1 expression in breast cancer and normal mammary tissues.

Methods Pathology Expression P-value 

levels*

No. of 

cases Moderate Weak to  

to strong negative

Gross section Normal 15 12 3

Cancer 25 1 24 <0.001 

Normal 62 62 

Ductal 124 31 93 <0.001 

Tissue arrays Lobular 6 3 3 0.005

Cribriform 2 2 

Mucinous 1 1 

Medullary 1 1

Frozen section Normal 3 3 

Cancer 3 3 

Western blot Normal 4 4 

Cancer 9 3 6 

*The expression levels were determined by percentage of positive

staining: moderate to strong (more 25%of cells stained positively) and

weak to negative (<25% of cells stained positively).
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Table II. Egr-1 and gelsolin expression in breast cancer tissues.

Egr-1 + + – – Total 

Gelsolin + – + – no. of cases

Normal tissues 62 0 0 0 62 

Cancer tissues 23 8 7 86 124

Total 85 8 7 86 

Egr-1 was significantly related to gelsolinin breast cancer and normal

mammary tissues by preliminary analysis of 62 normal and 125 cancer

tissues (gross section and tissue microarrays) r=0.99, p<0.001. [




