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Abstract

Amphiphysin I is a 128 kD protein highly concentrated
in nerve tenminals, where it has a putative role in endo-
cytosis. It is a dominant autoantigen in patients with
stiff-man syndrome associated with breast cancer, as well
as in other paraneoplastic autoimmune neurological
disorders. To elucidate the connection between am-
phiphysin I autoimmunity and cancer, we investigated
its expression in breast cancer tissue. We report that
amphiphysin I was expressed as two isoforms of 128 and
108 kD in the breast cancer of a patient with anti-am-
phiphysin I antibodies and paraneoplastic sensory neu-
ronopathy. Amphiphysin I was also detectable at vari-

Introduction
Amphiphysin I is an SH3 domain-containing
protein expressed at high levels in the nervous
system (1,2). It is concentrated in axon terminals
where it has a putative role in synaptic vesicle
endocytosis (2-4) and growth cone dynamics
(5). Outside the nervous system, it was reported
to have a restricted distribution (1,6).
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able levels in several other human breast cancer tissues
and cell lines and at low levels in normal mammary
tissue and a variety of other non-neuronal tissues. The
predominant amphiphysin I isoform expressed outside
the brain in humans is the 108 kD isoform which rep-
resents an altematively spliced variant of neuronal am-
phiphysin I missing a 42 amino acid insert. Our study
suggests a link between amphiphysin I expression in
cancer and amphiphysin I autoimmunity. The enhanced
expression of amphiphysin I in some forms of cancer
supports the hypothesis that amphiphysin family mem-
bers may play a role in the biology of cancer cells.

Amphiphysin I has been identified as an au-
toantigen in human neurological paraneoplastic
autoimmune diseases, often in association with
breast cancer (6-9). The proposed scenario for
these paraneoplastic syndromes is that (i) neo-
plastic transformation of a non-neuronal tissue
results in ectopic expression of a neuronal pro-
tein in that tissue, and (ii) ectopic expression leads
to anti-nervous system autoimmunity and neuro-
logical disease (10,11). Autoantigen expression in
cancer has been reported in many cases (10,11),
and it is possible that autoantigen expression may
be involved in the biology of cancer.
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Studies on members of the amphiphysin
family have suggested a relationship between
this protein family and the regulation of cell
proliferation. Two proteins sharing blocks of ho-
mology with amphiphysin, Rvs161 and Rvs 167,
are present in Saccaromyces cerevisiae (12-15). The
RVS (reduced viability upon starvation) pheno-
type, which led to the identification of genes
encoding these proteins, suggests the loss of reg-
ulatory feedback between availability of nutri-
ents in the medium and growth (12,13). A ho-
mologue of amphiphysin I, amphiphysin II, has
recently been described in mammalian cells. Am-
phiphysin II undergoes extensive alternative splic-
ing, resulting in multiple isoforms with different
tissue and subcellular distributions (16-22). One of
these isoforms, BIN1, was reported to interact with
the MYC proto-oncogene and to act as a negative
regulator of cell proliferation (17). Another isoform
was found to interact with the proto-oncogene
cABL (23). It is therefore of interest to characterize
amphiphysin I expression in cancer cells.

We show here that amphiphysin I is more
widely expressed in non-neuronal tissues than
previously reported, although its concentration
in non-neuronal tissues is much lower than in
brain. We also demonstrate enhanced expression
of amphiphysin I isoforms in several breast cancer
tissues and cell lines, including the tissue of a pa-
tient with paraneoplastic sensory neuronopathy.

Materials and Methods
Antibodies
Rabbit polyclonal antibodies directed against am-
phiphysin I (CD5) (14), amphiphysin I and II
(CD9) (19), synaptojanin (24), dynamin (25),
synapsin I (26), and synaptophysin (27) were
previously described. Anti-vimentin monoclonal
antibodies were obtained from Boehringer-
Mannheim. Human anti-amphiphysin I positive
sera from paraneoplastic patients were previ-
ously described (6,7). Mouse monoclonal anti-
bodies were generated as described (28,29) using
full-length His-tagged human amphiphysin I as
the immunogen. Initial screening of hybrid
clones was performed by Western blotting. The
strongest 28 clones were selected and analyzed
for their reactivity with amphiphysin I fragments
expressed as GST fusion proteins in the pGEX-2T
vector (Pharmacia) as previously described (14)
(see also Fig. 4). The reactivity of the individual
clones was as follows: Fragment 1: clones AIl,
AI2, AI6, AI7, AI8, AI9, AI17, AI18, A119, A120,

AI21, A122, AI23; Fragment 2: clones AI15,
AI16, AI24, AI25, AI26; Fragments 2 and 3:
clones AIll, AI12, AI13, AI27, A128; Fragment
3: clone AI14; Fragment 4: clone AI5; Fragment
5; clones AI3, AM4, AIIO.

Human and Rat Tissues

Breast tissue from Patient 692 was collected at
surgery and immediately quick-frozen in liquid
N2. Other frozen human tissues were obtained
from the Critical Technologies Service at Yale Uni-
versity and from the National Breast Cancer Tissue
Resource of the San Antonio SPORE (Specialized
Program of Research Excellence). Fresh rat tissues
were obtained from euthanized animals and quick-
frozen in liquid N2. Tissues were pulverized under
liquid N2 and solubilized (4 Al/mg tissue) in buffer
A (150 mMNaCl, IOmMHepes (pH 7.5), 2% SDS,
plus 4 ,ug/ml each of pepstatin, aprotinin, leupep-
tin, and phenylmethylsulfonyl fluoride).

Cell Culture and Affinity Chromatography
Human breast cell lines Hs578T, Hs578Bst,
MCF7, MBA-MD-453, MDA-MB-231, SK-BR3,
and MCF1O were either purchased from the
American Type Culture Collection or obtained
from Dr. David Stern (Yale University) and main-
tained as described earlier (30). Protein extracts for
SH3 affinity-chromatography were prepared by ly-
sing cells at 4°C in buffer A in which 2% SDS had
been replaced with 2% Triton X100 at 4°C. The
extract was then clarified at 100,000 X g for 30
min. Affinity-chromatography of the extract on
GST and GST fusion proteins comprising the pro-
line-rich domain of human dynamin I (DynPRD
751-848) or a truncated form of this domain
missing the amphiphysin I binding site (DynPRD
751-832) was performed as described earlier
(25).

cDNA Cloning
Total RNA was extracted from approximately
1010 Hs578T cells using the guanidinium thiocy-
anate method (31) and a random and oligo dT
primed cDNA library in AZAPII phage vector was
constructed (Stratagene custom library service).
A probe corresponding to bp 1573-2163 of the
human brain amphiphysin I sequence (accession
#U07616) (15) was constructed by polymerase
chain reaction (PCR) from the human am-
phiphysin I complete cDNA using primers (for-
ward) 5'-CTGCCGGGGAAGGAGTAAGTTT- 3 '
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and (reverse) 5'-CCTAATCTAAGCGTCGGGTGA
AGT-3'. This probe was radioactively labeled by
primer direct labeling (32) and used to screen
1 X 106 plaques of the custom library. Five pos-
itive clones were identified (clones 1.4, 3.3, 3.4,
16.1, 16.3). Clone 3.4 was sequenced with an
ABI automatic sequencer (Keck Biotechnology
Foundation, Yale University) and found to con-
tain a full-length coding sequence and untrans-
lated 5' and 3' regions (accession #AF034996).

RT-PCR

Total RNA was extracted from either approxi-
mately 1010 Hs578T cells or 100-300 mg of hu-
man tissue (obtained from the Yale Critical Tech-
nology service) using the guanidinium method
(31). The extracted total RNA was then reverse
transcribed using Superscript II reverse transcrip-
tase (Gibco), treated with RNAse, and purified
with Glass Max columns (Gibco), and the result-
ing cDNA was amplified by PCR using overlap-
ping primers designed to span the length of am-
phiphysin I. The primer sequences were as
follows and were located in the following posi-
tions of the human amphiphysin I complete
cDNA (accession # U07616) (15): #1 Forward
5'-TATGGGCGGGAAGATGTGAAAATG-3' bp
1573-1594, Reverse 5'-CGGGAGACGCAGGTGC
TAATGTAT-3' bp 2163-2140; #2 Forward 5'-
CCAGCACGGCCTCGGTCAC-3' bp 936-954,
Reverse 5'-TCTGTGGGTGGAGCCTGTT-3' bp
1394-1371; #3 Forward 5'-AGCCGGCTTCTGGT
GGTTCATT-3' bp 1252-1273, Reverse 5'-CGCG
TCCTCGGTGGTCTCC-3' bp 1790-1772; #4 For-
ward 5'-CTGCCGGGGAAGGAGTAAGTTT-3' bp
1573-1594, Reverse 5'-CCTAATCTAAGCGTCG
GGTGAAGT-3' bp 2163-2140; #5 Forward 5'-
ATGGGCGGGAAGATGTGAAAATGG-3' bp 343-
366, Reverse 5'-TCTGTGGGTGGAGCCTGTT-3'
bp 1375-1357; #6 Forward 5'-TCACCCCGACA
AAGGAACT-3' bp 1000-1018, Reverse 5'-TAA
AAACCCCGTAACTGAGC-3' bp 2205-2186.
Standard PCR techniques were employed. Am-
plified bands were analyzed by 1% agarose gel
electrophoresis and ethidium bromide staining.
Bands showing a molecular weight different
from the predicted were purified from the gel
and directly sequenced as above.

tem (Promega). One microgram of DNA was in-
cluded in each reaction. A 5-,l aliquot of this
reaction was then analyzed by Western blot.

Miscellaneous Procedures
Proteins were assayed by the BCA method
(Pierce Pharmaceuticals). SDS-PAGE and West-
ern blotting were carried out according to the
method of Laemmli (33) and Towbin et al. (34),
respectively.

Results
Amphiphysin I Autoimmunity in a Patient with
Breast Cancer and Sensory Neuronopathy
A search for the presence of autoantibodies in a
44-year-old female patient with breast cancer
and paraneoplastic sensory neuronopathy (Pa-
tient 692) led to the identification of high-titer
anti-amphiphysin I antibodies in her serum and
cerebrospinal fluid. The clinical history of this
patient will be described in more detail in a sep-
arate case report (K. Tsutsui, unpublished obser-
vations). The amphiphysin I band was the only
band recognized in rat or human brain by both
the serum and the cerebrospinal fluid of the pa-
tient (Fig. 1 and data not shown). Autoantibod-
ies of this patient did not recognize amphiphysin
II in Western blots, as shown by a comparison
with the labeling pattern produced by the CD9
rabbit serum (19) which recognizes both am-
phiphysin I and II (Fig. 1A). The autoantibodies
of the patient were directed primarily against the
COOH terminal region of the amphiphysin I
(Fig. 1B), which is in agreement with results
obtained previously with other paraneoplastic
patients (ref. 14 and data not shown). We note
that, whereas all sera of paraneoplastic patients
have in common their reactivity with the COOH-
terminal region of amphiphysin I, (ref. 14 and
this study), this is not the immunodominant por-
tion of the molecule as revealed by epitope map-
ping of a panel of 30 mouse monoclonal antibod-
ies (data not shown and see Materials Methods),
which suggests that the autoimmune response to
amphiphysin I is not simply an exaggerated re-
sponse to an immunodominant epitope.

Amphiphysin I Expression in Breast Cancer Tissue
In Vitro Translation of Patient 692

cDNA clones in the Bluescript vector (Strat-
agene) were transcribed and translated in vitro
using the TnT Coupled Reticulocyte Lysate sys-

A sample of cancer tissue from Patient 692 was
obtained at surgery and analyzed for the expres-
sion of amphiphysin I immunoreactivity by

31
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Fig. 1. Identification of anti-amphiphysin I au-
toimmunity in the serum of a patient with
paraneoplastic sensory neuronopathy (Patient
692). (A) Total rat brain homogenate was analyzed
by Western blotting with the following sera: (a) se-
rum of the patient, (b) serum of a normal control
patient, (c) rabbit serum CD9 that recognizes am-

phiphysin I and 11 (19). (B) The epitope specificity of
the autoantibodies from Patient 692 was mapped by
Western blot using GST fragments corresponding to
the overlapping fragments of amphiphysin I depicted.
Most autoantibodies reacted with fragment V, with a
weaker response to fragment III. Electrophoretic mo-
bility of the fragments is indicated at right.

Western blotting. A rabbit antiserum raised
against recombinant human amphiphysin I (14)
recognized two protein bands at 128 and 108 kD
in the cancer tissue (Fig. 2). The 128 kD band
precisely comigrated with neuronal amphiphysin
I (Fig. 2). The 108 kD band was recognized by all

116 -

97-

anti-amphiphysin I antibodies tested, including
the serum of Patient 692 and monoclonal anti-
bodies reacting with five different fragments
spanning the entire length of the protein (Fig. 4
and data not shown). Thus the 108 kD band (a
doublet in many gels) is immunologically indis-
tinguishable from the 128 kD amphiphysin I
band and most likely represents an amphiphysin
I isoform. None of several anti-amphiphysin II
antibodies tested reacted with the 108 kD band,
demonstrating that this band is not an am-
phiphysin II isoform (not shown).

Amphiphysin I Expression in Mammary Tissue and
Cell Lines

Amphiphysin I immunoreactivity had not been
detected previously in mammary tissue (7,8).
The detection of amphiphysin I in the breast
tissue of Patient 692 prompted us to reinvestigate
its expression in other specimens of normal and
neoplastic human mammary tissue. We searched
for amphiphysin I immunoreactivity in 6 cell
lines derived from neoplastic human mammary
tissue and 2 cell lines derived from histologically
normal tissue. One of the cancer cell lines,
Hs578T (30), expressed high levels of the 108 kD
amphiphysin I immunoreactive band
(Fig. 3A,B). This band was recognized by poly-
clonal antibodies directed against amphiphysin I
(Fig. 3) as well as by monoclonal antibodies di-
rected against the five distinct regions of the
protein (Fig. 4, lanes c). Lower levels of the 108
kD band were detected in the cell line Hs578Bst,
which was derived from histologically normal
tissue outside the margin of the cancer from
which the cell line Hs578T was derived (30)
(Fig. 3A). Other cell lines expressed amphiphysin
I only at the limit of detectability. Neither the
cancer tissue of Patient 692 nor the Hs578T cell
line expressed elevated levels of synaptojanin I,
dynamin I, and synapsin I, which suggests that
the presence of amphiphysin I in the cell line and
tissues was not due to neuroendocrine differen-
tiation (Fig. 3C and data not shown). The expres-
sion of amphiphysin I in breast cell lines rules out
the possibility that amphiphysin I expression in
mammary tissue can be attributed to the pres-
ence of peripheral nerves.

We also searched for amphiphysin I immu-
noreactivity in normal and neoplastic human
mammary tissues. We detected amphiphysin I in
all tissues examined, which included 14 histolog-
ically normal breast tissues, 40 ductal, and 10
nonductal breast adenocarcinomas (Figs. 5, 6,
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Fig. 2. Detection of amphiphysin I immunore-
activity in the cancer tissue of Patient 692. To-
tal homogenates of human brain (a) and of the can-
cer tissue from Patient 692 (b) were analyzed by
Western blotting using the anti-amphiphysin I rabbit
serum CD5 as a probe. Brain contained a single 128
kD amphiphysin I immunoreactive band (one aster-
isk), whereas the cancer tissue contained both this
band and a lower immunoreactive band of about
108 kD (two asterisks). Total protein loading was as
follows: a, 100 gg; b, 35 ,ug.

Fig. 3. Expression of amphiphysin I immunore-
activity in human cell lines derived from nor-
mal and neoplastic breast tissue. (A) Total pro-
tein homogenates of human brain (10 jig) or of
human cell lines (20 ,ug) were probed by Western
blotting with the rabbit anti-amphiphysin I anti-

and data not shown). However, levels of am-

phiphysin I were generally higher in cancer than
in normal mammary tissue. Figure 5 compares

the distribution of amphiphysin I immunoreac-
tivity in overexposed Western blots of the breast
cancer cell line Hs578T (lane b), a human pri-
mary breast tumor sample (lane c), and five nor-

mal breast tissues samples (lanes d-h). Note that
both the 128 and the 108 kD bands are visible in
all normal tissues whereas cancer tissues express

predominantly the 108 kD band.

serum CD5. Lanes are as follows: (a) rat brain; (b)
MDA-MB-453 breast cancer cell line; (c) MCF7
breast cancer cell line; (d) MDA-MB-231 breast can-
cer cell line; (e) Hs578T breast cancer cell line; (f)
SK-BR3 breast cancer cell lirie; (g) Hs578T cell line;
(h) Hs578Bst breast tissue cell line. (B) Western
blotting with the CD5 antiserum of (a) the cancer
tissue of Patient 692, (b) the Hs578T cell line, and
(c) a normal breast tissue cell line (MCF-1OA) dem-
onstrating the identical electrophoretic mobility of
the 108 kD bands in the cell line and in the cancer
tissue. (C) Total homogenates of (a) rat brain and of
(b) the cell line Hs578T probed by Western blotting
with antibodies directed against the neuronal pro-
teins indicated. Ten micrograms of rat brain and 20
,ug of cell extract were loaded in a and b, respec-
tively. One and two asterisks point to the 128 and
the 108 kD bands, respectively.

Figure 6A shows an additional comparison of
the breast cancer cell line Hs578T (lane b), three
normal mammary tissue samples (lanes c-e),
and nine breast cancer tissue samples (lanes f-n).
In this blot, the small amount of amphiphysin I
present in normal tissues is undetectable, while
enhanced, although variable levels of immuno-
reactivity are visible in all cancer tissues. Lane g
contains the same cancer tissue as in lane c of
Fig. 5 and serves therefore as an internal calibra-
tion of the two figures. Lane n in Fig. 6 contains
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antibodies directed against either the COOH ter-
minal region (Fig. 7) or the NH2-terminal region
(not shown) of amphiphysin I revealed its ex-
pression in all tissues tested. The highest level of
expression outside the brain was found in testis
as previously reported (6), with only very low
levels of expression in other tissues. In several
human non-neuronal tissues, the 108 kD band
was the predominant band, while amphiphysin I
had a similar mobility in neuronal and non-neu-
ronal tissues of the rat.

Fig. 4. Reactivity of the breast cancer tissue of
Patient 692 and of the cell line Hs578T with 5
monoclonal antibodies directed against 5 dis-
tinct regions of amphiphysin I. Total homoge-
nate proteins (30 ,ug for lanes a and 300 ,ug for the
other lanes) were reacted by Western blotting with
monoclonal antibodies directed against each of the 5
amphiphysin I fragments depicted in Fig. 1B. Lanes
are as follows: (a) human brain; (b) cancer tissue of
Patient 692; (c) cell line Hs578T; and (d) cell line
MCF7. In these blots, the upper (128 kD, one aster-
isk) and lower (108 kD, two asterisks) amphiphysin
I immunoreactive bands appear as doublets.

the cancer tissue of Patient 692 and is the only
lane where both the 108 and the 128 kD bands
are visible. Figure 6B shows the lower portion of
the blot shown in Fig. 6A probed with anti-
vimentin antibodies to control for protein load-
ing.

Amphiphysin I Expression in Non-neuronal Tissues
The identification of amphiphysin I immunore-
active bands in normal mammary tissue
prompted us to reinvestigate the tissue distribu-
tion of amphiphysin I, which thus far was

thought to be very restricted (1,6). Monoclonal

*

_alf **

Fig. 5. Amphiphysin I is present in human
mammary tissues. Total protein homogenates of
(a) human brain (10 ,ug), (b) human breast cancer

cell line Hs578T (100 p,g), (c) primary human breast
tumor (100 ,ug), and (d-h) normal human mam-

mary tissues (100 ,ug each) were probed by Western
blotting using a monoclonal antibody directed
against domain V (see Fig. IB) of amphiphysin I.
One and two asterisks correspond to the 128 and
108 kD amphiphysin I immunoreactive bands,
respectively.

Characterization of the 108 kD Amphiphysin I
Immunoreactive band

The Hs578T cell line was used for a further anal-
ysis of the 108 kD band. Its strong immunological
similarity to the 128 kD band (see above) sug-

gested that it may represent a truncated form of
neuronal amphiphysin I. Yet, a rabbit anti-serum
(CD9) directed against amino acids 26-40 of
amphiphysin I reacted with this band (not
shown), which argues against an N-terminal de-
letion. Likewise, the 108 kD protein could be
affinity purified by a GST fusion protein compris-
ing the proline-rich region dynamin (Fig. 8),
which is known to bind to the COOH-terminal
SH3 domain of amphiphysin (25), demonstrat-
ing the presence of a functional SH3 domain.
Thus, a COOH-terminal truncation is unlikely.
To determine whether the 108 kD isoform cor-

responds to an internal deletion of neuronal am-
phiphysin I, we cloned amphiphysin I from the
Hs578T cell line.

A cDNA library of the Hs578T cell line was

constructed and screened with an amphiphysin
I-specific probe. Nucleotide sequencing of clone
3.4 isolated from the library (accession
#AF034996) revealed an open reading frame
identical in sequence to that of neuronal am-

phiphysin I (accession #U07616) (14), except for
a 126 base pair deletion corresponding to bases
1383-1508 of the coding sequence (Fig. 9). Sim-
ilar results were obtained when overlapping re-

gions of the entire coding sequence of am-

phiphysin I were amplified from total RNA of the
Hs578T cell line by a series of RT-PCR reactions
(not shown). The 126 base pair deletion predicts
a corresponding deletion of 42 amino acids,
which is less than expected for the electro-
phoretic difference between the 128 and 108 kD
bands. However, amphiphysin I (128 kD iso-
form) is known to have an aberrantly low elec-
trophoretic mobility (1) and the 42 amino acid
deletion lies within the sequence previously

116-
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Fig. 6. Enhanced expression levels of am-
phiphysin I in neoplastic human mammary tis-
sues. (A) Total protein homogenate of (a) human
brain (10 ,ug), (b) Hs578T cell line (100 ,g), (c-e)
normal human mammary tissues (100 ,ug each),
(d-m) human primary human breast tumors (100
,ug each), and (n) breast tumor from Patient 692 (75
,ug) was probed by Western blotting with an anti-
amphiphysin I monoclonal antibody. For reference,

h I i k I m n

the same samples in Fig. 5, lanes c and d appear in
Fig. 6, lanes g and c, respectively. (B) The same blot
as in B was probed with 1251-labeled protein A and a
monoclonal antibody directed against the intermedi-
ate filament protein vimentin (arrowhead) to control
for total protein loading. One and two asterisks cor-
respond to the 128 and 108 kD amphiphysin I im-
munoreactive bands, respectively.

found to be responsible for this low mobility
(14,19). In addition, in vitro translation and
Western blot analysis of clone 3.4 with this 126
base pair deletion showed an electophoretic mo-
bility identical to that of the 108 kD isoform from
the Hs578T cell line (Fig 10). Two of the breast
cancers shown to overexpress amphiphysin I
(Fig. 6) were also tested by RT-PCR and found to
contain an identical 126 base pair deletion.

We next investigated whether an amphiphy-
sin I mRNA with a similar deletion is present in
normal human tissues, thus accounting for the
108 kD isoform present in these tissues. RT-PCR
reactions performed on normal human heart,
kidney, and mammary tissues revealed bands
with a molecular weight identical to that seen in
the Hs578T cell line. These bands were se-

quenced and found to contain the same 126 base
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Fig. 7. Expression of amphiphysin I immuno-
reactivity in normal rat and human tissues.
Total proteins of tissue homogenates were loaded in
each lane and probed with monoclonal antibodies
directed against domain V of amphiphysin I (see
Fig. 3). Protein loaded was as follows: (A) rat tissues,

100 ,ug/lane; (B) human tissues, 10 ,ug of brain ho-
mogenate, 100 jig of the breast cancer cell line
Hs578T, and 100 ,ug of all other tissue homogenates.
One and two asterisks point to the 128 and 108 kD
bands, respectively.
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Fig. 8. The 108 kD amphiphysin I band con-
tains a functional SH3 domain. Affinity-chroma-
tography of a Triton X-100 extract from the Hs578T
cell line was performed using GST-fusion proteins.
The following material was probed by Western blot-
ting with monoclonal antibodies directed against
amphiphysin I: (a) starting extract; (b) material af-
finity purified on the full-length proline-rich domain
of dynamin I; (c) material affinity purified on a trun-
cated proline-rich domain of dynamin I missing the
amphiphysin I binding site (construct DynPRD 751-
832 of ref. 22); (d) material affinity purified on GST
alone.

pair deletion. Most likely, this deletion is the
result of an alternative splicing event. We note
that a homologous region undergoes alternative
splicing in amphiphysin 11 (18-21).

Discussion
Amphiphysin I was implicated as the key au-
toantigen in stiff-man syndrome associated with
breast cancer (6,7) and subsequently as an au-

toantigen in other paraneoplastic disorders of the
central nervous system (8,9). These disorders
generally consist of various presentations of en-
cephalomyelitis and the type of cancer varies,
although in many cases, it is breast cancer (M.
Solimena, M. Butler, J. Dalmau [New York], F.
Graus [Barcelona, Spain], J. Honnorat [Lyon,
France], J. C. Antoine [Saint-Etienne, France], and
P. Sillevis-Smitt [Rotterdam, The Netherlands], un-
published observations). One of the proposed
mechanisms for the pathogenesis of these condi-
tions is that cancer cells of the affected patients
express a protein that is normally expressed only in
the immunoprivileged environment of the central
nervous system (10,1 1,35). Expression of the am-
phiphysin I protein, however, has not been de-
tected thus far in breast cancer (7,8). Here we
report high-level expression of amphiphysin I iso-
forms in the breast cancer tissue of a patient with
high-titer anti-amphiphysin I autoantibodies and
paraneoplastic sensory neuronopathy. These
findings are consistent with a cause-effect rela-
tionship between abnormal expression of am-
phiphysin I in cancer and neurological disease,
although the exact pathogenic mechanism re-
mains to be elucidated. Since both amphiphysin
I isoforms present in the cancer of the paraneo-
plastic patient are found in a variety of non-
neuronal tissues, low-level amphiphysin I ex-
pression outside the brain seems insufficient to
trigger autoimmunity. The trigger to anti-am-
phiphysin I autoimmunity could be enhanced
expression of the antigen in the context of an
inflammatory autoimmune reaction against the
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Fig. 9. Sequence comparison of amphiphysin I
clone 3.4 from Hs578T cell line and human
brain amphiphysin I. The schematic drawing il-
lustrates the amino acid differences between the hu-
man brain isoform of amphiphysin I and the isoform
encoded by clone 3.4 from a cDNA library of the

IPGADA
IPGADA

Hs578T breast cancer cell line. This 42 amino acid
deletion was also detectable by RT-PCR in normal
human kidney, heart, and mammary tissues, as well
as in at least two of the breast cancers with high-
level amphiphysin I immunoreactivity in Fig. 6
above.
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Fig. 10. In vitro transcription/translation of
amphiphysin I clone 3.4. The following material
was probed by Western blotting with a COOH-termi-
nal directed anti-amphiphysin I monoclonal anti-
body: (a) human brain total protein homogenate; (b)
Hs578T cell line total protein homogenate; (c) in
vitro transcribed/translated product of clone 3.4; (d)
in vitro transcribed/translated product of the lucife-
rin cDNA; and (e) the product of an in vitro tran-
scription/translation reaction in which no DNA was

included.

tumor. Other predisposing factors, such as a spe-

cific HLA phenotype, may play a role in the
development of autoimmunity. It is of interest
that the breast cancer tissue of the patient with
autoimmunity differed from the other cancer tis-
sues we have examined in that it had higher
levels of both the 128 kD and 108 kD amphiphy-
sin I band.

A previous study has detected amphiphysin I
mRNA in 5 of 14 breast cancer tissues by RT-PCR
(8). However, considering our present identifica-
tion of amphiphysin I expression in normal
mammary tissue, it is the overexpression of the
protein, rather than ectopic expression in mam-
mary tissue, that seems characteristic of some

breast cancers. That amphiphysin I mRNA was

detected in 5 of 14 breast cancers in the previous
study may reflect this overexpression as well (8).
Both amphiphysin I and amphiphysin I mRNA
had been detected in some small-cell lung carci-
nomas (8). The relationship between amphiphy-
sin I expression and neoplastic growth in these
latter tissues is unclear, as small-cell lung tumors
have neuroendocrine properties and express sig-
nificant levels of several neuronal proteins
(36,37).

The enhanced expression of amphiphysin I
isoforms in some cancers may be an epiphenom-
enon of neoplastic transformation. On the other
hand, the possibility that amphiphysin I may be
more closely linked to neoplastic transformation
should be considered. As previously proposed
(14), a relationship of the amphiphysin protein
family to the control of cell proliferation is sug-

gested by yeast studies. Mutations of the two
yeast genes that encode proteins with homology
to amphiphysin I, the RVS161 and RVS167 genes,
produce a phenotype characterized by reduced
viability upon starvation (12,13) in addition to
defects in endocytosis, cell polarity, and actin
function (15,38). Reduced viability upon starva-
tion can be explained by the inability of yeast
cells to stop growing when exposed to unfa-
vorable growth conditions and it suggests im-
pairment of growth regulatory mechanisms. A
similar phenotype is produced by mutations in
the yeast homologue of the ras oncogene (12,13).

Abnormal amphiphysin I expression may af-
fect cell proliferation in mammalian cells
through several mechanisms. Proteins of the am-
phiphysin family are thought to have pleotropic
functions including roles in endocytosis
(2,3,21,38), actin function (5,13,15,23,39) and
cell growth control (17,23). As a protein impli-
cated in clathrin-mediated endocytosis, am-
phiphysin I may modulate signaling of growth
factor receptors by regulating their internaliza-
tion (3,21,40). Alternatively, it may affect signal
transduction from the cell surface by actions on
the actin cytoskeleton (5,38) or on protein-pro-
tein interaction cascades mediated through its
SH3 domain (23,41). Finally, a more direct po-
tential role of amphiphysin family members in
the regulation of cell proliferation is suggested by
the identification of amphiphysin II isoforms as
either MYC -interacting proteins with some prop-
erties of a tumor suppressor (17) or as cABL-
interacting proteins (23). The finding that am-
phiphysin I is overexpressed, rather than
underexpressed, in some cancers, is in contrast to
a putative role of amphiphysin family members
as negative regulators of cell growth. However,
amphiphysin I overexpression, or the overex-
pression of a specific isoform, may have a dom-
inant negative role. Amphiphysin I forms het-
erodimers with amphiphysin II (ref. 21 and our
unpublished observations) and it was reported
that over expression of amphiphysin I, but not
concomitant overexpression of both amphiphy-
sin I and II, has a dominant negative affect on
clathrin-mediated endocytosis (21).

Irrespective of whether amphiphysin I ex-
pression in cancer cells is an event that lies up-
stream or downstream of neoplastic transforma-
tion, enhanced amphiphysin I-expression in
some cancers and its implication in autoimmune
paraneoplastic disease predict that further stud-
ies of this protein may aid in understanding im-
portant human diseases.
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