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MADYTHZATDIDTHDluminal B TIX, FINECEEELELTIA MY = U ZEKRICETINICH
BIBYEFI T RETCIA MOz OERAZAHTLHIZEICKLD.ADRAVDOREZBEL TV
%5, LML, HEREICAR LEMROMEIEZMHE T 20 FEBIMHI N TOARN, NrklIXFEaE
WWaA—RINDZLY /AVAZUERNTOTA > FF—¥ThHo., AHETIE. HE - HEEZRR
LNk R E RIS £ VAT ORBOMY Y A1 BEECARBE S RET 22 c2 Bl L, © O
D J5 B A% W fR AT & RIS FRAE D 7 THBIC D W TRt 2175 7.

NrkiRERE, NrkATORE, BLXOHAEBMOM YT 2410 ILE4EZ20HAH BN S HAERMOME &R
SEHOD, ISHAMBAEL TARBEORIELDE L /2. TORE, BEMT Y 2 IIBIT 5 REHEN
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The onset and/or growth of breast tumor are controlled, at least in part, by estrogen.
Therefore, to prevent the development of breast tumor, estrogen-dependent proliferation of
mammary epithelial cells during pregnancy needs to be suppressed once the mammary gland
has fully developed to enable lactation. However, the underlying mechanisms regulating the
mammary epithelial cell proliferation remain unclear. Nrk is an X-linked protein serine/threonine
kinase in the germinal center kinase family. In this thesis, I demonstrate a frequent occurrence of
estrogen receptor a-positive breast tumors in homozygous and heterozygous Nrk mutant mice that
have experienced pregnancy/parturition. The tumors never developed in the mutant mice without a
history of pregnancy/parturition, suggesting that the incidence of the Nrk mutant tumor
is highly relevant to the proliferation of mammary epithelial cells during pregnancy. Pathological
and immunohistochemical analyses revealed that this is a benign tumor positive for
estrogen receptor o and a cell proliferation marker Ki67, and negative for ErbB2, which
was reminiscent of the luminal-B type in the human breast cancer subtype. At late gestation when
estrogen receptor o expression was significantly reduced in the wild-type mammary gland,
grossly normal mammary glands in the pregnant Nrk mutant mice occasionally contained
hyperplastic foci continuously expressing the receptor. Consistently, Nrk expression was induced
in the wild-type mammary gland ‘at this period of pregnancy. However, overexpression of
Nrk did not affect the expression level, phosphorylation level, and transcription factor activity of
estrogen receptor o in MCF breast cancer cell line, suggesting that Nrk does not regulate the
estrogen receptor a activity directly. On the other hand, I also demonstrate that the pregnant
Nrk mutant mice show elevated blood estrogen levels, suggesting that Nrk also regulates estrogen
signaling at ligand levels. Based on these results, I propose that Nrk suppresses the
excessive proliferation of mammary epithelial cells during pregnancy, and the impairment

of this regulatory system leads to frequent occurrence of breast tumor in Nrk mutant mice. 4
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