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Epi reg u lin is a rel a tively newly deter mined mem ber of the epi-

der mal growth fac tor (EGF) fam ily. The amino acid sequence of 

epi reg u lin is 24–50% iden ti cal to that of other EGF fam ily mem bers 

[1]. Epi reg u lin directly binds EGF recep tor (EGFR) and ErbB-4 and 

acti vates EGFR, ErbB-2, ErbB-3, and ErbB-4 [2]. Epi reg u lin plays a 

role as an auto crine growth fac tor in epi the lial cells [3]. Its expres-

sion is increased in human pan cre atic can cer cell lines [4], human 

colon can cer cells [5], hTERT-immor tal ized fibro blasts [6], human 

met a static blad der can cer cell lines [7], and met a static human 

breast can cer cells [8]. Nev er the less, the reg u la tory mech a nisms of 

epi reg u lin gene expres sion in var i ous can cer cells are unclear.

Mutated vari ants of Ras are found in 30% of all human can-

cers. Mutated Ras pro teins acti vate both the RAF/MEK/ERK and 

the PI3K/Akt path ways. Spe cifi  cally, Ki-ras acti vates the RAF/MEK/

ERK path way, whereas Ha-ras pref er en tially acti vates the PI3K/Akt 

path way [9]. Acti vated ERKs (phospho-ERKs) in the RAF/MEK/ERK 

path way are trans lo cated to the nucleus where they phos phor y late 

and reg u late var i ous tran scrip tion fac tors such as c-myc, Ets, CREB, 

and c-Jun, ulti mately lead ing to changes in gene expres sion [10]. 

The E26 trans for ma tion-spe cific sequence (Ets) fam ily of proto-

onco genes was first detected in the avian eryth ro blas to sis ret ro-

vi rus E26 [11] and share a highly con served DNA-bind ing motif 

termed the Ets domain. Approx i mately 85 amino acid res i dues of 

the con served Ets-domain medi ate bind ing to purine-rich GGAA/T 

core con sen sus DNA sequences that con tain addi tional flank ing 

nucle o tides [12]. Ets genes have altered expres sion pat terns in 

human neo pla sias such as thy roid, pan creas, liver, pros tate, colon, 

lung, breast car ci no mas and leu ke mias [13]. The over ex pres sion of 

Ets-1 and Ets-2 is closely related with pros tate can cer car ci no gen e-

sis and pro gres sion [14,15]. The phos phor y la tion of Ets-1 and Ets-2 

is reg u lated by ERK via the RAF/MEK/ERK path way on thre o nine 

38 and thre o nine 72, respec tively [16]. Ets-1 and Ets-2 acti vate the 

pro mot ers of extra cel lu lar matrix-degrad ing pro te ases, MMP-9, 

and inva sion-asso ci ated uro ki nase uPA in response to epi der mal 

growth fac tors [17], and these genes are asso ci ated with clin i cal 

fea tures such as lymph node sta tus and pros tate can cer prog no sis.

The 267B1 human fetal pros tate epi the lial cell line immor tal ized 

by the SV40 T anti gen is non-tumor i genic in nude mice and does 

not form col o nies in soft agar. Con versely, 267B1/Ki-ras of the v-Ki-

ras-trans formed cell deriv a tive is tumor i genic in nude mice and 

forms col o nies in soft agar [18]. We per formed micro array anal y ses 

to explore genes and reg u la tory path ways that con trol cell growth 

by ras acti va tion (Ki-ras) in the 267B1 cell line. Inter est ingly, the 

epi reg u lin tran script was sig nifi  cantly upreg u lated in our Ki-ras-

trans formed human pros tate cells. Using the human pros tate cell 

Epiregulin expression by Ets-1 and ERK signaling pathway in 

Ki-ras-transformed cells
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Epi reg u lin belongs to the epi der mal growth fac tor fam ily, binds to the epi der mal growth fac tor recep tor, 

and its expres sion is upreg u lated in var i ous can cer cells, but the reg u la tory mech a nism is unclear. We 

inves ti gated the reg u la tory mech a nism of epi reg u lin expres sion in Ki-ras-trans formed can cer cells. In 

267B1/Ki-ras cells, the RAF/MEK/ERK path way was con sti tu tively acti vated, epi reg u lin was up-reg u lated, 

and the expres sion and phos phor y la tion of Ets-1 were aug mented. The inhi bi tion of ERK by PD98059 

decreased epi reg u lin and Ets-1 expres sion and sup pressed the growth of 267B1/Ki-ras cells. A chro ma tin 

immu no pre cip i ta tion assay dem on strated that Ets-1 was bound to human epi reg u lin pro moter, and this 

bind ing was abol ished by PD98059. Silenc ing of Ets-1 by RNA inter fer ence decreased cel lu lar epi reg u lin 

tran script expres sion. We sug gest that the Ki-ras muta tion in 267B1 pros tate cells con sti tu tively acti vates 

the RAF/MEK/ERK path way and induces the acti va tion of the Ets-1 tran scrip tion fac tor, ulti mately lead ing 

to the increased expres sion of epi reg u lin.

© 2008 Elsevier Inc. All rights reserved.
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line 267B1 and 267B1/Ki-ras cells, we inves ti gated the reg u la tory 

mech a nism of epi reg u lin expres sion in Ki-ras-trans formed 267B1 

pros tate epi the lial cells.

Mate ri als and meth ods

Reagents and anti bod ies. PD98059 was obtained from EMD Bio-

sci ences, Inc. (Darms tadt, Ger many). Primary anti bod ies against 

to Ets-1, Ets-2, ERK, P-p38, p38, JNK, b-tubu lin, and all of sec ond-

ary anti bod ies were pur chased from Santa Cruz Bio tech nol ogy Inc 

(Santa Cruz, CA). P-ERK and P-JNK anti bod ies were pur chased from 

Cell Sig nal ing Tech nol ogy, Inc. (Dan vers, MA). Anti-Ets-1 [Thr38] 

anti body was pur chased from Novus Bio log i cals, Inc. (Lit tle ton, 

CO).

Reverse tran scrip tion-poly mer ase chain reac tion (RT-PCR). 267B1 

and 267B1/Ki-ras cells were main tained in RPMI 1640 medium 

(Hy clone, UT) sup ple mented with 10% heat-inac ti vated fetal 

bovine serum (FBS) (Hy clone), and were cul tured in a humid i fied 

CO2 incu ba tor at 37 °C. In order to con duct RT-PCR, total RNA was 

iso lated using easy-BLUE™ total RNA extrac tion kit (iNtRon Bio-

tech nol ogy, Korea) as described by the man u fac turer’s pro to col. 

Reverse tran scrip tion was per formed using the Pro STAR™ (Strat a-

gene, La Jo lla, CA) and the cDNA was ampli fied by PCR. The for ward 

and reverse prim ers used in the ampli fi ca tion were: 59-CGG AAT 

TCT CCA GTG TCA GAG GGA CAC A-39/59-CCG CTC GAG ATC CCT 

GCC CAT AAG TTT-39 for human epi reg u lin, 59-TCA GAC GCT CCA 

TCC CAT CAG CTC G-39/59-TGC CAT CAC TCG TCG GCA TCT GGC T-39 
for human Ets-1, and 59-ACC ACA GTC CAT GCC ATC AC-39/59-TCC 

ACC ACC CTG TTG CTG TA-39 for GAP DH.

Cell pro lif er a tion assay (MTS assay). Approx i mately 0.5 £ 104 

cells per well were seeded into a 96-well micro plate in 200 ll of 

com plete medium. The cell num ber was mea sured using an MTS 
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Fig. 1. Epi reg u lin expres sion and con sti tu tive acti va tion of the ERK MAPK path way in Ki-ras-trans formed cells (267B1/Ki-ras). (A) Epi reg u lin expres sion in the Ki-ras-trans-

formed cell line. The mRNA expres sion lev els of epi reg u lin in 267B1 pros tate epi the lial cells and 267B1/Ki-ras-trans formed pros tate epi the lial cells were ana lyzed by RT-PCR. 

PCR prod ucts shown are from 25, 30, and 35 cycles. (B) Cell pro lif er a tion assay of 267B1 and 267B1/Ki-ras cells. Cells were grown in 96-well plates for up to 72 h, and the 

num bers of cells were mea sured by MTS assay. Two inde pen dent exper i ments were per formed in trip li cate; points rep re sent the mean ± SD from a rep re sen ta tive exper i ment 

of three exper i ments. (C) Con sti tu tive acti va tion of ERK/MAPK in 267B1/Ki-ras cells. Cyto plas mic and nuclear extracts were sub jected to immu no blot anal y sis using spe cific 

anti bod ies against P-ERK, ERK, P-p38, p38, P-JNK, JNK, and b-tubu lin as described in Mate ri als and meth ods. (D) Inhi bi tion of pro lif er a tion of Ki-ras-trans formed cells by 

PD98059. After 267B1 and 267B1/Ki-ras cells were grown for 24 h, the cells were incu bated fur ther with PD98059 for 48 h, and the rel a tive num ber of cells was esti mated by 

MTS assay. (E) Influ ence of serum fac tors and ERK MAPK inhi bi tion on epi reg u lin expres sion. After 267B1/Ki-ras cells were incu bated in the absence or pres ence of PD98059 

for 24 h in com plete or serum-defi cient medium, RT-PCR of epi reg u lin was per formed. GAP DH was used as a con trol.
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