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CHO-KI colls wes quantaﬁed 2§ Co** influx driven by the
increase in intraceftular Na*. mthepm'sénceeftheﬁa

ENCX1 by the iporease ip inmracellular Na¥, & slow and

hNCXlatiDG;.uMassh@wanig.@.._ -

] 4. stcnsmon

sion models, have:'been reported to bs potent and selective

. inhibitoss of the NHE1 jsoform (Scholz et -al, 1995 -
Guming et al, 1998; Linz et al, 1998). Cariporide is the -
first NHE inhibitor that has been subjected o clinical ial. .

Clinital study with cariporide showed cardioprotective ef-

fects in patients with acate anserior myocandial infarcfion

treated with direct percutaneous trnsluminal soronary an-

~ gioplasty (Ruppresht ot al., 2000). The guard during is-

chemia againgt necrosis (GUARDIAN) clinical wial with

{Karnazyn, 2000),

In this stpdy, we isolated cells stably axpresmnghmm

isoforms (hNHEI, hNHE2, and ENHE3), hNBCI and
BNCX1, and established an assay system for me:asming

their activities by monitoring fludrescence ahierations in
cells cultured in 96-well plates. We zlso conﬁrmed the .

~ inhibition of Na* /HCO; cotrantpart By 1 M 4,4'-dfiso-

 thioeyanatostilbene-2,2 -disulfonic acid (DIDS) (Burnham -
et al,, 1997) and the mhibiton afNa*/Caz‘* exchange by
10 ;»M KB-R7943 (Iwamoto. et 2L, 1996) in this sssay
systeen (data not shown). This system is very vsefud for the.
‘rapid streening of inhibitors of ion trensporters such as -
NI‘IE,NBC,anéNCX.wmehmannapmammmpwuc_ _

' § . ) .f_ ' Tﬂmﬂwad/&qnpmeq‘thwbym(maﬁl-a

Na“’/Ca’*’ exshange mmy at‘ ANCX1 e.mressad in .

.. sustained increase in intracellular Ca?* wasob&ervedm -
cells trangfected with hNCX{, wheress nomirsnsfected.
' CHO-K1 cells showsd ne ehange in itacellnlar C2** .
(Fig. 4B). In this assay system, T-162559 did not. aﬁect- -

| Nat/BE* e.xehznge piays a Imporlam relc in the de-
' velopment of imeversible céllplar  damage during
+ tfusicn. The primary mechanism cfm}roeaﬁ J
daalpmec&onby NHE] inhibitors in ischemia-re) inn
zshke!ywheadelaymthe;mmnnofmhmc_ _
“infury, resulling ih detreased infaret size even after relas
tively long pesiods (> 4 b) of ischemia (Avkifan, 1999).
Therefore, a purpber of NHE inhibitors have begn uader
| development for therapevtié nse in the treatment of is-
| chemiasreperfusion infiry (Scholz et a1, 1995; Gumina et
! 8k, 1998; Counillon éf al., 1993z Yafiamot e al., 2000).

should contibute to the deva&opmem of mvei drugs fos:

. hmtmg myocazﬁml mjm'y mduacd by xschemza and reper-
 ionophore gramicidin, Afier the roverse-tods activation of

We clarified the salecn\atgr of canponde and m—tpﬁndc
for human NHE iscforms in the Na*-dependent pHi recov-
ery assay. These compounds showed selective inhibigon of
the human NHE! isoform, The ICq, ‘values obtained for -
human NKE isoforms were similar to those previously

‘veported for the rat NHE jsoforms (Scholz et 2l, 1995,
o Gmnastal, 1998). These results are consistent with the

fvation that ateiloride binding domain i the fourth

L btane sepment ‘of NHE isoforms is conserved

betweenhmammdmaqmm(w&kabayaﬂﬁetal'
1957; Counilion ef al.,- 1993b, 1997). :

Fufthermore, ‘we found that a novel synthetic NHB'. .

inkibitor, the aminoguanidine derivative T-162559, is a
selective inhibitor of hNHE1 with a greater potency than
'canpondeandampmdeﬁcsa valve of 0.96 nM). We have .
not measured inhibitory activides against hNHEI of other
receat NHE inbihitors, such 28 53276 (Schwark et al., -
1998), SI, 59.1227 {Larrain et al., 2000),Y-12533 (Aihara

‘¢t al, 2000} and SM-20550 {Yamamoto et al, 2000), in
. our assay System. The reported IC, vilues of these com-

pounds for NHBJ are 3.6 pM (53226, 33 aM (SL =

- 59.1227), 17 oM (TY~12533), und approximately 10 oM
f_RawmI’&IEmhibitors. mmndemdmpbﬂde,winch- '
~ show cardioprotective effects in severs! tsthefnia-reperfu-

(SM-20550); Therefore, T-162559 may be a most potent

- NHE] mhibitor. Thsnﬂﬁbimryaﬁ‘mcfﬂnkmmer
T-162561 on. hNHE] was about 36-fold less potent than
“ that of the § ensndomer, T-162559, whereas the s

velue of the R enantdomer for BNHE2 was similar to that
of the S enantiomer (Table 1). Tbxsresultsuggesss that the

. configeration of the asymmetric carbon: of T-162539 is'
- important for potent ‘binding to hNHEL. Previously re-
ported NHE inhibitors; incloding amiloride, cariporide, and

epiporide, are mostly acylguanidine derivatives: In this

© “mody, we found that the aminoguanidine derivative T-
. cariporide documented the safety of the drag aed sug-
gested that o high degres of inhibition of NHE could
. prevent cell necrosis i the setting of ischemia-reperfusion
- (Therpux et al, 2000). Enjporide is also cusrently under
' clinical Gevelopment for use in patients with acuis thyocar
dial infarction cansed by aag:op‘lasty or thmmboiys:s-

162559 18 & potent non-acylguanidine type NHE inhibitor.

- As showm I Fig. 2, NHEl.expressing cells showed
"mp;dmcovmyﬁ'omeedlularmdomasmmpamdwﬂh .
, TB3-expressing cells. In addition, NHE1 .

_ mﬁmdcmmmtmofmninea:dxacnssueandmmRNA
- expression is elevated in responss to cardiac injury

(Humphreys et al., 1999; Dyck et al, 1995; Gan et &k, .
1999; Piper et al,, 1996), The sarcolernmal NHR activity of

" human ventricular myocytes is dug to the NHE} isoform
- and is inhibited by cariporide (Yokoyama et al, 20008).

Sarcolemmal NHE activity is significantdy greater in recip-
ient hearts with chronie end-stage heart faftore than itisin

: musaddmim:ts(ﬁ!’ekoymaal 2000). The other .
- humen NHE isoforms at the plagma membrane exhibit
tissue-specific expression. RNHB2 is expressed in skeletal .

miuscle, colon, and kidney (Malakoot et al., 1999), hNHE3-
;s expresséd in Kidney, testis, and small intestine (Brant et -
- 1993). The recently cloned UNHES is predominantly

expms&dmbmn(ﬂai:ﬂetal.,l%?) The expression of
hthHES anthH‘BShasnatbeendemdm
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