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17. For neurophysiological recording, morphs were six 
levels of blends of cat and dog (100:O. 80:20, 60:40, 
40:60, 20:80. 0:100) and two levels within catego- 
ries (60:40, 40:60). 

18. "Similarity" as defined by the morphing technique 
and confirmed by an image correlation analysis. 

19. Monkeys maintained gaze within 2' of a fixation 
point throughout the trial. Eye movements were 
monitored using an eye tracking system (ISCAN, 
Cambridge, MA). We excluded stimuli that were less 
than 60% of a given category, as they carried little or 
no category information. To prevent memorization of 
sample-test pairs, we chose as the test stimuli a set 
of 200 randomly generated morphs that were at least 
70% of a category. All main effects were observed in 
both monkeys. For brevity, we summarize their data. 

20. This total consisted of 130 neurons from one monkey 
and 265 from the other. Sample interval activity was 
summed over 800 ms, beginning 100 ms after stim- 
ulus onset. The delay interval activity was summed 
from 300 ms after sample offset to 100 ms after the 
end of the delay. Baseline activity was from the 500 
ms of fixation before sample onset. 

21. T test versus baseline activity, P < 0.01. Parametric 
statistics such as t tests assume normal distribu- 
tions. Because neuronal activity is sometimes not 
normally distributed, we also computed nonparamet- 
ric statistics for all main effects. They yielded a 
virtually identical pattern of results. 

22. T tests on activity from the sample and delay inter- 
vals. both P < 0.001. 

23. P > 0.6. 
24. Paired t tests between activity of all stimulus-selec- 

tive neurons in response to the two categories com- 
puted in successive 100-ms time bins. A significant 
difference (P < 0.01) began 100 to 200 ms after 
sample onset, when the earliest PF neurons began 
responding. The immediate appearance of category 
information was also evident in average histograms 
across the neuron population. 

25. One-way analysis of variance (ANOVA) on the 54 
sample stimuli. Sample interval, 62 neurons: delay 
interval, 33 neurons; P < 0.01. 

26. T test that BCDIWCD ratios were significantly differ- 
ent from 1. Sample interval, BCDIWCD mean = 1.30: 
delay interval, BCDIWCD mean = 1.49: both P < 
0.001. Category information was significantly stron- 
ger during the delay; one-tailed t test, P = 0.04. An 
index of (BCD - WCD)/(BCD + WCD) yielded similar 
results. 

27. Excluding neurons with firing rates below 2 Hz (which 
produce spurious values when normalized) yielded 55 
and 29 neurons with selectivity in the sample and 
delay intervals, respectively. We normalized each 
neuron's activity as a proportion of its activity in 
response to  the most effective morph level. To en- 
sure that analyses were not biased toward a category 
effect, we used only the single stimulus that evoked 
the maximum response to determine preferred and 
nonpreferred category. 

28. Two-way ANOVA of category membership and level 
of category (60%. 80%. loo%), test of the category 
factor. P < 0.01 for both intervals. 

29. Two-way ANOVA, test of the level factor, P > 0.6 for 
both intervals. 

30. ANOVAs on the 27 samples from the preferred or 
nonpreferred category, either P < 0.01. 

31. T test on all match versus all nonmatch test stimuli, 
P < 0.01. 

32. E. K. Miller, C. A. Erickson, R. Desimone, J. Neurosci. 
16, 5154 (1996). 

33. T test versus baseline for the sample andlor delay 
intervals. P < 0.01 

34. One-way ANOVA on all 54 samples for the sample 
andlor delay intervals, P < 0.01. 

35. Sample interval, mean two-category BCDIWCD = 

1.13, t test, P = 0.22; delay interval, two-category 
BCDIWCD mean = 0.96, t test, P = 0.58. This 
analysis was limited to morphs between correspond- 
ing cat and dog prototypes (i.e., C1-Dl, C2-D2, C3- 
D3: the vertical morph lines in Fig. 1A) because the 
other morph lines crossed both the two-category and 
three-category boundaries. We confirmed that this 
test could detect two-category information by ap- 

plying i t  to the data from the two-category task. The 
results were virtually identical to the two-category 
test described above (sample interval. BCDIWCD ra- 
tio = 1.33, t test, P < 0.001: delay interval, BCDI 
WCD ratio = 1.57, t test, P < 0.001). 

36. Three-category BCDIWCD mean = 1.51, t test. P < 
0.01. As for the two-category test, we compared 
samples at equivalent distances along between- 
category morph lines but now using morph lines 
that crossed the three-category boundaries, but 
not the two-category boundary. The early ap- 
pearance of category information in PF activity 
also suggested that training had altered neuronal 
selectivity. 
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Role of ER Export Signals in 
Controlling Surface Potassium 

Channel Numbers 
Dzwokai Ma,' Noa Zerangue,' Yu-Fung Lin,' Anthony ~ o l l i n s , ~  

Mei Yu,' Yuh Nung Jan,' Lily Yeh   an'* 
Little is known about the identity of endoplasmic reticulum (ER) export signals 
and how they are used to regulate the number of proteins on the cell surface. 
Here, we describe two ER export signals that profoundly altered the steady- 
state distribution of potassium channels and were required for channel local- 
ization to the plasma membrane. When transferred to other potassium channels 
or a C protein-coupled receptor, these ER export signals increased the number 
of functional proteins on the cell surface. Thus, ER export of membrane proteins 
is not necessarily limited by folding or assembly, but may be under the control 
of specific export signals. 

Ion channels control neuronal signaling, hor- 
mone secretion, cell volume, and salt and 
water flow across epithelia (I). The number 
of cell surface channels is critical to these 
physiological functions (1). Whether for- 
ward-trafficking signals regulate the supply 
of ion channels to the plasma membrane is 
not known. 

Export from the ER to the Golgi is a key 
early event in forward traffic. Numerous 
studies suggest that ER export is limited pri- 
marily by quality control (2, 3). However, 
certain secreted and membrane proteins are 

concentrated in the process of ER export 
(4-6). A motif containing Asp, a variable 
amino acid, and Glu (DXE) (7-9) in vesicular 
stomatitis virus glycoprotein (VSV-G) has 
been reported to accelerate the ER export. It 
is not clear whether ER export signals control 
the steady-state levels of endogenous mem- 
brane proteins destined for later compart- 
ments, including the plasma membrane. 

The inwardly rectifying potassium (Kir) 
channels (10) I(lrl.1 (ROMK1) and Kir2.1 
(IRK1) were efficiently expressed in the plasma 
membrane in Xenopus oocytes, whereas several 
other Kir familv members exhibited Door ex- 
pression or delayed expression kinetics. To test 

'Howard Hughes Medical Institute, University of Cal- 
ifornia, San Francisco, San Francisco. CA 94143-0725, 

whether these differences with the 

USA. 2Colleee of Pharrnacv. Oreeon State Universitv, Presence or absence of trafficking signals, we 
Corvallis, 0: 97331-3507, USA" first examined the possible involvement of the 
*To whom correspondence should be addressed. E- vanable COOH-krmini of these channels (Fig. 
mail: gkw@itsa.ucsf.edu 1A). Indeed, efficient surface expression (11) 
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was observed when the distal COOH-terminus 
(amino acids 349 to 428) of Kir2.1 was re- 
placed with that of Kirl. 1, Kir2.2 (IRK?), or 
Kir2.3 (IRK3), but not that of Kir3.1 (GIRKI), 
Kir3.4 (GIRK4), Kir6.1, or Kir6.2 (Fig. 1 B). 

To explore the possibility that a forward- 
trafficking signal resides in the COOH-termi- 
nus of Kir2.1, we examined a series of 
COOH-terminal truncations for their total 
protein expression, relative surface expres- 
sion, and channel properties (Fig. 2, A to C). 
Truncation after residue 374 greatly reduced, 
but did not eliminate, surface expression, nor 
did it significantly alter total protein levels 
(Fig. 2A). 

Several lines of evidence indicated that this 
truncation disrupted forward trafficking rather 
than channel folding or assembly. First, Kir2.1 
(1 to 374) and wild-type channels exhibited 
identical permeation and rectification properties 
(11). Second, the observed current levels were 
comparable when normalized to cell surface 
expression (11). Third, wild-type Kir2.1 or 
truncation mutants Kir2.1 (1 to 374) or Kir2.1 
(1 to 385) showed similar single-channel prop- 

Kir2.1.YKVDYSRFHKTYEV PNTPLCSARDLAEKKY. 
Kir l . l .YRVDFHNFGKTVEV E TPHCAMCLYNEKDA. 
Kir3.1.FKVDYSQFHATFEV P TPPYSVKEQEEMLL. 
Kir6.1.YSVDYSKFGNTVRV A APRCSARELDEKPS. 

1 1 1 1 1  

conserved variable 
core domain COOH-terminal domain 

40 80 120 160 
Surface expression (RLUIoocyie) 

Fig. 1. Kir2.1 surface expression depends on its 
COOH-terminal sequence. (A) Top, topology of 
Kir channels. Bottom, alignment of sequences 
that bracket amino acid 350 of Kir2.1, near the 
border between conserved (represented by the 
solid line) and variable (represented by the 
dotted line) sequences. (B) Chemiluminescence 
measurement (76) of surface expression in Xe- 
nopus oocytes. RLU, relative light units. 

erties [open probabilities (NPo) (82.3 + 6.3%; 
79.9 + 11.3%; 71.9 + 8.0%), mean open time 
(in milliseconds) (235.0 + 115.1; 376.8 + 
10.1; 399.9 + 28.8), and mean closed time (in 
milliseconds) (71.2 + 58.3; 86.0 + 67.4; 
159.7 + 50.2)] (Fig. 2B) (11). Fourth, low 
surface expression of Kir2.1 (1 to 374) was 
rescued by coexpression with full-length 
Kir2.1; this result suggests that the truncated 
protein can assemble with the wild-type protein 
(Fig. 2C). Fifth, the COOH-terminal forward- 
trafficking information of Kir2.1 could be trans- 
ferred to the NH,-terminal end of Kir2.1, or to 
several unrelated proteins (see below). Finally, 
the trafficking defect of Kir2.1 (1 to 374) was 
rescued by the fusion of an unrelated 19-residue 
ER export sequence from Kirl . 1 (see below). 

To determine whether the forward-traffick- 
ing sequences direct Kir2.1 export from the ER, 
we examined different mammalian cell lines 
transiently or stably transfected with constructs 
that encode green fluorescence protein (GFP) 
fused with wild-type Kir2.1 or COOH-terminal 
truncation mutants. Like wild-type Kir2.1 (1 to 
428), Kir2.1 (1 to 404) and Kir2.1 (1 to 385) 
resided on the cell membrane and in the Golgi 
in transiently transfected COS7 cells (Fig. 3A) 
(11). Further truncations left Kir2.1 (1 to 374) 
and Kir2.1 (1 to 362) primarily in the ER (Fig. 
3A); they colocalized with the ER-resident pro- 

tein BiP and a CD4 fusion protein containing 
the COOH-terminal KKXX motif for ER reten- 
tion and retrieval (Fig. 3B) (11). The total pro- 
tein levels of these mutants were comparable to 
that of wild-type Kir2.1 (11). Similar results 
were observed in NIH 3T3 stable cell lines (Fig. 
3, C and D). Thus residues 374 to 385 of Kir2.1 
contain a signal important for the ER export. 

To define the ER export signal in Kir2.1, 
we determined the effects of single alanine 
substitutions of residues from 373 to 385 on 
the subcellular localization of GFP-Kir2.1 (1 
to 385) fusions. Proteins bearing mutations in 
any of five residues of the FCYENE se- 
quence, including conservative substitutions 
of acidic residues, lacked detectable plasma 
membrane localization by GFP fluorescence 
in most transfected cells (Fig. 3E). 

If FCYENE functions as a discrete ER 
export signal, one would predict that its exact 
location might not matter as long as it is 
accessible to the cellular trafficking machin- 
ery. Having abolished ER export of GFP- 
tagged Kir2.l by mutating FCYENE to 
FCYANA (Fig. 3F), we inserted residues 369 
to 385 of Kir2.1 (which contain FCYENE) 
either in between GFP and Kir2.I [GFP- 
FCYENE-Kir2.1(FCYANA)] or to the COOH- 
terminus of Kir2.1 [GFP-Kir2.1 (FCYANA)- 
FCYENE]. The resulting fusion proteins were 

0 Surface HA 

0 

Fig. 2. COOH-terminal deletions greatly reduced the number of Kir2.1 channels on the oocyte 
surface without affecting total protein levels or channel properties. (A) Western blot analysis of 
total protein and chemiluminescence measurement of surface expression (76). (B) Representative 
single-channel current traces (77) of Kir2.1 (left), Kir2.1 (1 to 374) (center), and Kir2.1 (1 to 385) 
(right) channels. Underlined segments of raw traces are shown at increasing temporal resolution 
(successive traces from top to bottom). Upward deflections represent openings from closed states. 
(C) Single-oocyte surface assays (76) indicate coassembly of hemagglutinin (HA)-tagged Kir2.1 and 
protein C (PC)-tagged Kir2.1 (1 to 374). 
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eff~ciently targeted to the cell membrane 
(Fig. 3F, top), leading to a more than 20-fold 
increase of surface-expressed channels (Fig. 
3F, bottom). Thus, the ability of FCYENE to 
promote surface expression was largely inde- 
pendent of context. 

If FCYENE is a bona fide ER export signal, 
it would be expected to improve ER export of 

cosylation of Kir3.1 is futher processed, pre- 
sumably in the Golgi, to an endo H-resistant 
form when coexpressed with Kir3.4 (12). How- 
ever, most of Kir3.1 is associated with the 
cytoskeleton when expressed alone in COS7 
cells (12). A COOH-terminal truncation mu- 
tant, Kir3.1 (1 to 373), localizes to the ER and 
retains the ability to coassemble with Kir3.4 
(12). We therefore utilized Kir3.1 (1 to 373) 
with the hope of monitoring its ER-to-Golgi 

but not ACAENE or FCYANA, to the COOH- 
terminus of Kir3.1 (1 to 373) shifted a signifi- 
cant fraction of proteins from the ER to the 
Golgi in transfected COS7 cells (Fig. 4A). In 
pulse-chase studies (II), these proteins all re- 
mained sensitive to endo H during the 30-min 
chase period (Fig. 4B). Kir3.1 (1 to 373)- 
FCYENE but not Kir3.1 (1 to 373), Kir3.1 (1 to 
373)-ACAENE, or Kir3.1 (1 to 373)- 
FCYANA acquired an additional modifica- 

other membrane proteins. Kir3.1 acquires N- 
linked endoglycosidase H (endo Hksensitive 
core glycosylation at a single Asn residue transport by both irnmunofluorescence andgly- tion that was insensitive to mutations of 
(Asn1ly) when expressed alone. This core gly- cosylation analyses. The addition of FCYENE, AsnLLy and most extracellular Ser or Thr resi- 

- - - 
GFP.ffiR 1 GFP.KIr2 1 (1-4041 GFP.KIR 1 (1.385) C M  KKYL K1r2 1 (1-374) merge 

I w m t  - surface 

D, GFP-Klr2.1 

Sutfaca (HA) 

E 
GFP KiR.l 68 

NH2$ -1-COOH 

Sutface (HA) 

I 
SFCYENEVALTSK 

E377A ] 
GFP- GFP.FCYENE- GFP-KIR.l(FCYANA) N376A B 
KiR.l(FCYANA1 Kld.llFCYANA1 -FCYENE E379A I 

e w.1. -1 

K E m  l 
h: E3790 1 
8 30 E3770+E3790 1 

120 I . . . . *  
20 4 0 8 0 8 0 1 c a  

F r a m  of treMleded calk showing a Golgi and sutfaos 
0 d i i u h  of GFP-~d.1 11.3851 fusion 4 ~reariie& 

Fig. 3 (left). The FCYENE motif (contained within residues 374 t o  385 
o f  ~ i r 2 . l )  k required for efficient ER export in mammalian cells. (A) 
Subcellular localization of GFP-Kir2.1 fusion proteins expressed in COS7 
cells (7 7). Truncating residues before 385 abolishes surface expression. 
(B) Colocalization of Kir2.1 (1 t o  374) and CD4-KKYL in the ER (77). (C) 
GFP-Kir2.1 but not GFP-Kir2.1 (1 to  374) is present at the plasma 
membrane in stably transfected NIH 3T3 cells (7 7). (D) Flow cytometry 
analysis of NIH 3T3 cells stably expressing GFP-Kir2.1 or GFP-Kir2.1 (1 
t o  374) (77). The total level of fusion protein was measured by the 
fluorescence of GFP; surface protein levels were measured by indirect 
immunofluorescence staining of an extracellular HA epitope. (E) Site- 
directed mutagenesis defines a six-amino acid motif, FCYENE, as 
critical for the ER export of Kir2.1. (F) lmmunofluorescence and surface 
assay for transfected COS7 cells (75) reveal that the FCYENE sequence 
can function at either end of Kir2.1. GFP-Kir2.1 (FCYANA) was gener- 
ated in pEGFPC1 (7 7) by mutating the FCYENE of Kir2.1 to  FCYANA; the 
mutant fusion protein was retained in the ER. Robust surface expression 
was observed when residues 369 t o  385 (containing a wild-type cop of 
FCYENE) were inserted either between GFP and Kir2.1 (FCYANAY or 
onto the COOH-terminus of GFP-Kir2.1 (FCYANA). Scale bars in (A), 
(C), and (F), 25 Fm; scale bars in (B), 10 Fm. Fig. 4 (right). FCYENE 
promotes ER export and surface expression of different membrane 
proteins. Residues 372 t o  385 of Kir2.1, which contain FCYENE or the 
mutated motif ACAENE or FCYANA, were fused to  the COOH-termini 
of test proteins. Experiments were performed in COS7 cells except for 

~ m m ~ ~  GABAaRla (ASRR) W R l a  (ASRR) G A B M l a  (ASRR) 
-AGAENE FCYENE -m 

L a  
Fig. 4E, which was performed in Xenopus oocytes. (A) FCYENE promotes ER 
export of Kir3.1 (1 to 373). (B) Pulse-chase study [top panel (7 7)] and endo 
H analysis [bottom panel (7 7)] reveal that FCYENE facilitates the ER export 
and modification of Kir3.1 (1 to  373). (C) Top panel, FCYENE promotes ER 
export and surface expression of Kvl.2. Kv1.2-FCYENE shows a range of 
distribution, from the Golgi to the plasma membrane. Bottom panel, pro- 
motion of Kvl.2 surface expression by KvP2 is mimicked by fusion of 
FCYENE to Kvl.2. (D) FCYENE promotes ER export and surface expression of 
GABbRla-ASRR. (E) The addition of FCYENE proportionately increases 
current and surface protein of Kir6.2A36. (F) Identification of a distinct ER 
export signal in Kirl.1. Top panel, fusion of residues 373 to  391 of Kirl.1 to 
Kir2.1 (1 to 374) which lacks FCYENE and accumulates in the ER, restores 
the surface expression (7 7). Bottom panel mutational analysis of residues 
373 to 391 of Kirl.1 defines a distinct ER export signal. Introduced mutations 
are shown in bold type, residues essential for the enhanced ER export are 
underlined. Scale bars, 25 Fm. 
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dues, as well as neuraminidase and O-glycosi- 
dase (Fig. 4B). This modification was not ob- 
served when Kir3.1 (1 to 373)-FCYENE was 
retained in the ER by fusing it to the a,,-
adrenergic receptor COOH-terminal 14 ami- 
no acids (11, 13) (Fig. 4B), containing an 
RXR(R)-type retention and retrieval motif 
that could override the ER export signal (see 
below). Thus channels acquired this modifi- 
cation after exiting the ER, a process promot- 
ed by the FCYENE sequence. 

The FCYENE sequence exerted a similar 
trafficking effect on Kv1.2, a voltage-gated po- 
tassium channel with little homology to l r  
family members (Fig. 4C, top panels). Because 
coexpression with KvP2 improves cell-surface 
targeting of Kv1.2, KvP2 is believed to facili- 
tate the folding and maturation of Kv 1.2 in the 
ER (14). Not only did the FCYENE motif 
mimic KvP2 in promoting Kv1.2 surface ex- 
pression, it also largely occluded the ability of 
KvP2 to further promote surface expression of 
the fusion protein (Fig. 4C, bottom). Consider- 
ing the similarity of the effects of KvP2 and the 
FCYENE sequence, it will be interesting to 
determine whether the ability of KvP2 to pro- 
mote Kv1.2 surface expression reflects im-
proved Kv1.2 folding or the presence of an ER 
export sequence in KvP2. 

We next tested whether FCYENE can alter 
the subcellular localization of proteins that are 
normally held in the ER by retention and re- 
trieval. We examined l r 6 . 2  or GABABRla (a 
subunit of G protein-coupled receptor for the 
neurotransmitter y-aminobutyric acid). The lat- 
ter is a nonchannel protein that exists as a 
monomer or dimer (15). Both proteins, when 
expressed alone in COS7 cells, remain in the 
ER via an RXR(R)-mediated retention and re- 
trieval mechanism (15, 16). Although deleting 
RKR from Kir6.2 (Kir6.2A36) (16) or mutating 
RSRR in GABA,Rla to ASRR (GA13ABRla- 
ASRR) (15) resulted in an increase of surface , .  . 
expression, the majority of the protein was still 
in the ER 24 hours after transfection (Fig. 4D). 
Strong Golgi staining and further increase of 
the surface expression were observed when 
FCYENE was introduced to the COOH-termi- 
nus of l r6 .2A36 or GABA,Rla-ASRR (Fig. 
4D), but not wild-type Kir6.2 or GMA,Rla. 
FCYENE increased the surface expression and 
surface currents of l r6 .2A36 proportionately 
(Fig. 4E), suggesting that it did not simply 
allow misfolded or misassembled channel pro- 
teins to escape from the ER. Thus FCYENE 
could not override the ER retention and retriev- 
al caused by RXR(R) under our experimental 
conditions. Furthermore, in the absence of 
RXR(R) retention and retrieval signals. the bulk 
of K1r6.2A36 and GABABRla-ASRR exited 
the ER very slowly, but their ER export could 
be enhanced by the introduction of an exoge- 
nous ER export signal. 

The FCYENE motif is conserved in the 
Kir2 subfamily but is absent in Kirl.1 ( I@, 

yet the COOH-terminus of Kirl.1 could sub- 
stitute for that of Kir2.1 in promoting forward 
trafficking (Fig. 1B). Thus we explored 
whether the COOH-terminus of Kirl. 1 also 
contained an ER export signal. Indeed, ER 
export and surface expression were achieved 
by adding just the last 19 amino acids (YD- 
NPNFVLSEVDETDDTQM) of Kirl .1 to ei- 
ther Kir2.1 (1 to 374) (Fig. 4F, top) or 
Kir6.2A36. Alanine scanning mutagenesis in- 
dicated that mutating either of the EXD se- 
quences or the upstream VLS sequence abol- 
ished the ER export effect (Fig. 4F, bottom). 
Furthermore, conservative mutations of the 
acidic residues (E to D or D to E) were also 
not tolerated. 

Thus, we have shown that Kir 1.1 and l r 2 . 1  
contain distinct ER-to-Golgi forward-traffick- 
ing signals that do not appear to be required for 
channel folding, assembly, or gating, but that 
are essential for export of the channels from the 
ER. Ion channels such as Kir6.2A36 and Kv1.2 
largely remain in the ER because of a lack of 
forward-trafficking signals, and their steady- 
state surface expression and the current levels 
can be greatly enhanced by fusion with an 
exogenous ER export signal. Our results rein- 
force the notion that signals like the DXE motif 
of VSV-G increase the ER export rate (7, 8), 
and further demonstrate the physiological sig- 
nificance of diacidic motifs. We have also 
shown that the flanking residues of diacidic 
motif are essential for ER export, and they are 
not limited to Tyr-based residues as previously 
suggested (8, 17) .  The variation of forward- 
trafficking signals in different potassium 

channels presents one potential mechanism 
for differential regulation of surface channel 
numbers. 
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Dilated cardiomyopathy is a severe pathology of the heart with poorly under- 
stood etiology. Disruption of the gene encoding the negative immunoregulatory 
receptor PD-1 in  BALBIc mice, but not in  BALBIc RAG-2-I- mice, caused dilated 
cardiomyopathy wi th  severely impaired contraction and sudden death by con- 
gestive heart failure. Affected hearts showed diffuse deposition of immuno- 
globulin C (IgC) on the surface of cardiomyocytes. All of the affected PD-1 -I-
mice exhibited high-titer circulating IgC autoantibodies reactive t o  a 33-kilo- 
dalton protein expressed specifically on the surface of cardiomyocytes. These 
results indicate that PD-1 may be an important factor contributing t o  the 
prevention of autoimmune diseases. 

Dilated cardiomyopathy is a chronic disorder sis is based primarily on clinical criteria and 
of the heart muscle characterized by a poorly on the exclusion of identifiable underlying 
contractile and dilated ventricle. The diagno- causes (1). Consequently, patients with dilat- 
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