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Objective. This study analyzed a model for the identification of
specific epitopes recognized by autologous tumor-reactive humoral
responses of endometrial cancer patients as potential markers for
the monitoring of cancer.

Methods. The presence of circulating pro- and mature forms of
cathepsin D and antibodies reactive with this enzyme were iden-
tified by Western immunoblot and quantitated by an enzyme
immunoassay. Specific immunoreactivities with 34- and 52-kDa
cathepsin D forms were analyzed by Western immunoblot using
sera from endometrial cancer patients (n = 40) and normal vol-
unteers (n = 15). Subsequently, reactivities with specific cathepsin
D epitopes were defined by a peptide-specific ELISA.

Results. Circulating pro-forms of cathepsin D were detected in
31 of 40 endometrial cancer patients tested and none of the control
volunteers. Circulating 19G reactive with cathepsin D could be
demonstrated in 29/31 patients with circulating procathepsin D,
while an anti-cathepsin D response was not detectable in normal
controls. This response appeared to be directed against the pro-
peptide portion of cathepsin D. Using a peptide-specific ELISA,
the frequencies of antibody production against specific epitopes
within the pro-peptide were defined.

Conclusion. There is a demonstrable tumor-reactive immune
response elicited in endometrial cancer patients, directed against
specific antigenic epitopes, some of which are conserved among
these patients. Since these proteins are recognized as non-self, due
at least in part to posttranslational processing errors, defining
these epitopes will be useful as a means of diagnosis, assessment of
therapeutic success, and, ultimately, identification of immunother-
apeutic targets. © 2001 Academic Press

Key Words: endometrial cancer; tumor-reactive 1gG; diagnostic
markers; cathepsin D.

INTRODUCTION

cancers [5-9]. Cancer patients frequently develop anti-tum
immune responses, both humoral and cellular, against antige
expressed by their tumors. These immune responses in car
patients appear to be elicited by antigens as a result of aberr
gene or oncogene expression or as a consequence of posttr
lational alterations, including changes in glycosylation or pho
phorylation.

Early attempts to identify tumor-associated antigens relie
upon the xenogeneic recognition of human tumor-derived a
tigens in mice, the production and expansion of reactive h
bridomas, and the subsequent absorption against batterie:
normal tissues. The primary antigens recognized by mice we
highly immunogenic antigens, such as histocompatibility ant
gens. While a number of overexpressed or inappropriate
expressed antigens were identified in this manner, includi
carcinoembryonic antigen andfetoprotein, the identification
of antigens which were unique to cancer or that possess unic
epitopes has remained elusive. The use of patients’ “autoil
mune” response to identify tumor antigens, in theory, elim
nates the general recognition of self-antigens and focuses
aberrant epitopes, even on commonly expressed proteins.

Our recent studies, utilizing tumor-reactive immunoglobt
lins derived from the autologous response, have identifie
specific tumor-associated antigens and defined tumor-link
alterations in specific epitopes of commonly expressed an
gens [10, 11]. One antigen identified in cancer patients w
cathepsin D (pro- and mature forms). The presence of cathe
sin D in these immune complexes further confirms the deve
opment of cathepsin-D-reactive antibodies in these patients

The most important immediate features of the presence
tumor-reactive antibodies are their specificity for commo
aberrant epitopes and the timing of their appearance. Sir

While in most gynecologic cancers B cells exhibit impaireghmor-reactive immunoglobulins are elicited and detectab
effector functions, immune recognition of tumor antigens hasior to the development of a palpable tumor or circulatin
been unequivocally shown. Studies have indicated the preseaagéigen or prior to the clinical manifestations of recurrence, tf
of tumor-reactive immunoglobulins in cancer patients, inclughissessment of the tumor-reactive immune response aga
ing melanoma [1], breast [2, 3], endometrial [4], and ovariagpecific antigenic epitopes should represent an early diagno:

and prognostic marker, superior to those currently available.

* Current address: Women’s Oncology Care, 1965 South Fremont, SUgeOUr hypothesis that some tumor-reactive immunoglobulir

2850, Springfield, MO 65804.
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derived from the autologous response may recognize tum
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associated alterations in specific epitopes of commonly esathepsin D was determined by Western blot using dilute
pressed antigens, such as procathepsin D. Since tumor-reaqiaent serum as the source of primary antibody [13]. Tt
antibodies appear prior to the detection of palpable tumor ienmunoprecipitates or purified cathepsin D forms were sep
circulating antigens, measurement of these antibodies and analed by SDS-polyacrylamide gel electrophoresis (SDS
ysis of the recognized antigens can be utilized for early diaBAGE) on a 12% acrylamide gel by the method of Laemm
nostic assays and vaccine development. [14] and electrophoretically transferred onto nitrocellulos
membranes. The blots were blocked with 5% nonfat dry mil
and probed overnight at 4°C in the same buffer with eithe
monoclonal anti-cathepsin D (Calbiochem) or sera from no

Patient materials. Sera were obtained from endometria[nal controls or endometrial cancer patients (diluted 1:10C

cancer patients in the Gynecologic Oncology Clinic and fro@ftgrltg's_r'n(;ue?]atz'%n.rt]hig]seg?rigeni.ane_rrehévislgg d tk;rreeet:]l(ran
normal volunteers from the Gynecology Clinic of the Deparf— 70 W : n. W !

ment of Obstetrics of the University of Louisville School O]Jncubated in blocking buffer with either rabbit anti-mouse Ig(

Medicine under an informed consent protocol approved by t ositive control with murine monoclonal) or goat anti-humal

human studies committee. Blood from 40 endometrial Cancglmunoglobullins conjugated .With horseradish _peroxida:
patients at various stages of disease and 15 normal (n igma Chemical Co.) for 45 min at room temperature. The

cancer-bearing), age-matched volunteers were collected' unoblots were washed three times in O'.l% T_ween 20
standard red-top collection tubes. Blood samples were aIIOV\}é S, after Wh'Ch. bound complexes werg wsughzed by g
to clot and were then centrifuged at 4p6or 10 min to hanceq chemiluminescense (Amersham Life Sciences, Arlir
sediment cells and clot. The serum was removed and storeéQH Heights, IL).
polycarbonate tubes at20°C until analysis. Enzyme-linked immunosorbent assay (ELISA) for catheps
Presence of circulating forms of cathepsin DTo identify !Z)-reac_:tive a_mtibodies. To guantitate thg differenceg in the
the forms of cathepsin D present in the circulation of endomiitensity of Immunoreactivity observed in Western immunc
trial cancer patients and normal controls, cathepsin D wBt. an ELISA technique assessed the binding of patie
immunoprecipitated from serum by incubating the serum (2&@tibodies to endometrial tumor-derived cathepsin D. Tt
wl) with protein G—agarose (Sigma Chemical Co., St. Louiglooled 34- and 52-kDa cathepsin D forms were equilibrated
MO) for 1 h topreclarify. After centrifugation at 3000 rpm, thecoupling buffer consisting of 100 mM sodium carbonate an
supernatants were removed and incubated with affinity-purifi@ePM NaCl, pH 8.3, and added to the wells of a 96-we
anti-cathepsin D antibody (Calbiochem, San Diego, CA) coflaxiSorp microtiter plate (Nalge-Nunc International, Naper
pled to agarose (2Qu) overnight. The agarose-bound comVille, IL). The plates were subsequently washed and the
plexes were isolated by centrifugation at 3000 rpm for 2 miRlocked with SuperBlock (Pierce Chemical Co., Rockford, IL
These isolated complexes were washed three times with P86 1 h. Sera from endometrial cancer patients and norrm
containing 1% Triton X-100. The complex was then boiled i#g€-matched normal control women (both diluted 1/100) we
SDS-PAGE sample buffer, containing 100 mM sucrose, 38gded to quadruplicate wells. The plates were washed &
SDS, 62.5 mM Tris—HCI, pH 6.9, 2 mM EDTA, and 270 mmincubated with peroxidase-conjugated anti-human 1gG. Aft
B-mercaptoethanol. Inmunoprecipitated cathepsin D was thigee washes, the level of bound antibody was determined
analyzed by Western immunoblot as described below.  incubating the wells with ortho-phenylenediamine (OPD, 0.

Purification of 52- and 34-kDa cathepsin DFor studies mg/ml) and reading the absorbance at 490 nm. Statistic

examining patient-derived antibody response against cathegifParisons were made between the relative absorbance

D, two forms of cathepsin D (34 and 52 kDa) were isolatercTaCtive IgG on the patients using the Mann—-Whitney test.
from the serum of an endometrial cancer, overexpressing thes@resence of antibodies reactive with the 34- and 52-kC
two forms of cathepsin D, using affinity chromatography usincathepsin D. To define the specific reactivity of patients
pepstatin A (Sigma Chemical Co.) [15]. The eluted fractiordirected toward cathepsin D, the presence of cathepsin-
were analyzed by Western immunoblot to distinguish the vareactive antibodies was further assayed by Western immur
ious forms of cathepsin D. Fractions containing the 34- armot. The purified 34- and 52-kDa cathepsin D were pooled al
52-kDa cathepsin D’s were pooled and concentrated. Theparated by SDS—PAGE and processed for Western immu
concentration of purified procathepsin D protein was detdslot as described above. The blots were probed overnight
mined by the Bradford Coomassie brilliant blue assay (Bi@g’C with sera from normal controls or endometrial cance
Rad Laboratories, Richmond, CA) [12]. patients (diluted 1:100).

Electrophoresis and Western immunoblot analysiEhe Peptide-specific ELISA.To define specific epitopes recog-
level and molecular forms of cathepsin D were assayed hized by the patients’ anti-cathepsin D response, purified 5
Western immunoblot using monoclonal anti-cathepsin D as tkBa procathepsin D was subjected to proteolytic digestion wi
primary antibody, while the presence of patient-derived an&-ng of modified trypsin (Promega, Madison, WI). Proteolytit

MATERIALS AND METHODS
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digestion was allowed to proceed overnight at 37°C. The Nt N2 N3 N4 N5 N6 N7 N8 N9 N10 N11
resulting solution of proteolytic peptides was then acidified T iitg
with acetic acid to give a final acid concentration of 1% and ———— < 34D

reduced to dryness in a speedvac. These proteolytic digests
were dissolved in 5Qu of 100 mM ammonium acetate/50% C1 C2 C3 c4 C5 C6 C7 C8 Co C10 Ci1
acetonitrile, followed by the addition of 2l of 100 mM DTT. S —————

After 20 min, 100 ul of 100 mM methyl 4-nitrobenzene *ma:ﬁﬁg

sulfonate was added and, after incubation at 37°C for an

additional 40 min, the samples were brought to dryness. The

pellets were redissolved in 2pl of 25% acetonitrile with % 01_32::‘ if’ if C17C1f C:i T

0.05% TFA and subsequently diluted with 110 of 0.05% ;m —— 480

TFA. The samples were then fractionated by RP-HPLC on a

Vydac C18 column (2.2X 250 mm) using a 105-min discon- . . .

oS gradientof0.06% TFALS9.04% Wter 10 0.05230 TFAc s i oo 46 s o om o f comepi o

78.4% acetonitrile:21.5% water. The resulting peaks will b& non-tumor-bearing controls and endometrial cancer patients. Cathep

monitored by their absorbance at 214 nm. D was immunoprecipitated from 250l of serum and visualized using
Each resulting peptide was diluted 1/25 in coupling buffdponocional a_nti-cathepsin D. Non-cancer-pearing contrql female'vo_luw

. . . teers are designated N1-N11 and endometrial cancer patients are indic:

and adhered to wells of a MaxiSorp microtiter plate, as dgs ~1_c19.

scribed above. These plates were blocked and incubated with

sera, diluted 1/100, or monoclonal anti-cathepsin [ugIml).

The plates were washed and incubated with peroxidase-Coryrisons of reactive antibody positive and negative populatio

gated secondary antibody. The presence of bound antibody Wase performed using Fisher's exact test.

determined by incubating the wells with a 50 mM citrate buffer

solution containing OPD (0.4 mg/ml). Peaks corresponding to RESULTS

the positive wells of the peptide-specific ELISA were subjected

to amino acid microsequencing. To identify the commonly Circulating forms of cathepsin D.Our previous studies

recognized antigenic epitopes, reactivities of four endometrfave demonstrated the presence of a humoral response ag:

cancer patients were analyzed in a peptide-specific ELISA.cathepsin D, indicating the exposure of aberrant cathepsin D
To determine the frequency of the epitope recognition, tﬁae immune SyStem. |n|t|a”y, to characterize this exposure, t

peptide-specific ELISA was repeated using specific peptidé@vels and molecular weight forms of cathepsin D in th

defined as being commonly recognized by cancer patienggﬁculation were defined in normal volunteers and endometri

immune responses. Specific tryptic peptides were coupled®@'cer patients (for representative samples, see Fig. 1).

wells of a 96-well MaxiSorp microtiter plate (Nalge-Nuné‘dd'“O” to overexpression of the mature mplecular weig!

International). The plates were blocked and then incubatfjm (34 kDa), circulating pro-forms of cathepsin D (48 and 5

with patients’ sera, diluted 1/100 as described above. Th ‘,"‘) were identified in 31/40 endometrlql cancer patler!t

plates were washed and incubated with peroxidase—conjuga\fv le in nprmal controls and the remaining 9 endometriz

secondary antibody. The presence of bound antibody wagcer patients only the 34 kDa was demonsrable.

determined by incubating the wells with a 50 mM citrate buffer Immunoreactivity of patient-derived 19G against cathepsi
solution containing OPD (0.4 mg/ml). D. Tumor-reactive IgG has been previously demonstrated

- . . . hese patients. To identify whether cathepsin-D-reactive ar
Statistical analysis. The reactive bands for expression oEy P fy P

h d p f cathepsin D itated odies resulted from the exposure of the patients’ immul
the pro- and mature forms of cathepsin D were quantitated Qg mg 1o pro-forms of the enzyme, the presence and level:

densitometry, with relative absorbances for these bands st@Brum-derived cathepsin-D-reactive antibodies were assa
dardized to control lanes included on each gel. All relativgsing an ELISA. The relative levels of anti-cathepsin D ant
absorbance determinations were performed at least twice yies in the 31 endometrial cancer patients positive for c
Kodak 1D Image Analysis software (Eastman Kodak Cogyjating 48- and 52-kDa forms of cathepsin D were compar
Rochester, NY) and the meanstandard error of the mean forig those of normal non-tumor-bearing volunteers (Fig. 2
each sample was calculated. The quantitation of cathepsingignificant levels of anti-cathepsin D antibodies were observ
reactive antibodies in the total cathepsin D ELISA and thg 29/31 cancer patients (0.385 0.144) and in none of the
peptide-specific ELISA were determined in quadruplicate ar@ntrols (0.042+ 0.37) (P < 0.0001). Inaddition, none of
means+* standard deviations were calculated. Statistical corthe 9 endometrial cancer patients not expressing circulati
parisons were made between these means for reactive IgGiia-cathepsin exhibited antibodies against cathepsin D (d:
patients and controls using the Mann-Whitney test. The comst shown).
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0.7 A TABLE 1
A Amino Acid Sequence and Location within the Procathepsin
A Molecule of Peptides Commonly Recognized by Four Advanced-
0.6+ Stage Endometrial Cancer Patients, as Determined by Peptide-
Aa Specific ELISA
g 0.5 an Amino acid
S AA Designation number Sequence Location
<t A
® 04- fa Peptide 1 24-28 IPLHK Pro-peptide
3 AAA Peptide 2 50-70 YSQAVPAVTEGPIPEV Pro-peptide
= A
g 0.3 ﬁﬁg Note. Tryptic peptides were derived from procathepsin D. These peptid
u°> AﬁA were separated by RP-HPLC and each peptide was coupled to wells o
g MaxiSorp microtiter plate.
0.2
Identification of procathepsin D epitopes recognized by p:
0.1 SR A tient-derived IgG. Subsequently, to identify commonly rec-
266°° “ ognized antigenic epitopes, immunoreactivity of the sera fro
0.0 four advanced-stage endometrial cancer patients express
' Controls Cancer Patients procathepsin D was examined in a peptide-specific ELIS;
Serum Source Two antigenic epitope-containing peptides were identified th

FIG. 2. ELISA quantitation of antibodies reactive with tumor-derivedwer.e re_cognlzed by a.” four Patlents tested. The$e epito
cathepsin D’s in the sera of normal controts€ 15) and endometrial cancer resided in the pro-peptlde portion of the procathe_p_sm D (Tak
patients. The presented reactivity against cathepsin D was assayed in thd 31 TO determine the frequency of the recognition of eac
endometrial cancer patients positive for circulating cathepsin D pro-forms.peptide, the peptide ELISA was performed using only the:
two procathepsin D peptides. Of the 29 patients producit
The presence of immunoglobulins specifically reactive withntibodies reactive with procathepsin D, 20/29 0.0007

the pro- and mature (52 and 34 kDa) proteins purified from &§ Controls) recognized peptide 1 and 23/29< 0.0001 vs
endometrial cancer patient was further examined by West&@Ntrols) recognized peptide 2 (Table 2). None of the 1
immunoblot. The presence of these proteins was confirmed $30trol sera recognized these peptides.
comparison of patient immunoreactivity with commercial
monoclonal anti-cathepsin D antibodies (representative data DISCUSSION
are shown in Fig. 3). Sera from normal controls failed to . . . . .

. . : The identification of new targets for diagnostic screening
recognize either protein. In contrast, the sera from the endo-

; . . a major focus of current cancer research. Circulating tumc
metrial cancer patients recognized only the 52-kDa procatth- . . .
psin D. erived proteins, such as CA125, placental alkaline phospl

tase, and cathepsin D, have been investigated as poter
screening markers for ovarian cancer; however, since the

‘_g . _ N _ o o < antigens are also expressed by some normal tissues and ca
Tég T s £ E £ E overexpressed in certain noncancerous conditions, the av
SZ é é = 5 5 5 able markers lack the specificity to be an effective screenil
52kD - W - | - - TABLE 2
| Reactivity of Immunoglobulins Derived from Sera of Normal
i Controls and Endometrial Cancer Patients (Previously Demon-
A strated to Possess Procathepsin-D-Reactive Antibodies) with Spe-
34KD - s - - cific Epitopes Contained in Peptides Derived from the Digestion of

Procathepsin D with Modified Trypsin

Reactivity with  Reactivity with

. . . . Designation Location controls patients
FIG. 3. Representative Western immunoblots demonstrating the immunao-

reactivity of antibodies in the sera of endometrial cancer patients with purifie@,ep,[ide 1
34- and 52-kDa cathepsin D compared to the reactivity of an anti-cathepsin Beptide >
monoclonal antibody.

a.a. 24-28 propeptide 0/10 20/29
a.a. 50-70 propeptide 0/10 23/29
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tool. Our previous work has established that certain tumdihen the presence of immunoglobulins reactive with the 5.
associated antigens elicit a readily demonstrable autologd3a procathepsin D and 34-kDa mature enzyme (purified fro
humoral response. Overexpression exclusively or expressamendometrial cancer patient) was subsequently examined
within an inappropriate tissue is generally inadequate to elithestern immunoblot, the antibodies from endometrial canc
such an autologous response. These autologous immunepagients recognized the 52-kDa procathepsin D, but not t
sponses appear to be elicited by “antigenic” sites resulting framature enzyme (Fig. 3).
mutations in the primary structure or from aberrant posttrans-Since this immune response failed to recognize the matt
lational modifications, including changes in glycosylation cgnzyme, this recognition appeared to be directed towa
phosphorylation. epitopes expressed within the pro-peptide portion of procatf
In animal models, immune recognition of tumor antigens hapin D. To identify any commonly recognized epitopes withil
been unequivocally shown; however, only recently has recatye procathepsin D protein, a peptide-specific ELISA using &
nition of tumor-associated antigens been clearly demonstratddhe generated tryptic peptides was assayed with sera fr
in cancer patients [16]. Our previous work has indicated thidur patients. Two peptides were identified by all four endc
posttranslational processing errors, leading to overexpressinatrial cancer patients, while none were identified by control
and secretion of procathepsin D, could autoimmunize cand@fthe 29 patients producing antibodies reactive with procath
patients [17]. While cathepsin D is a normal lysosomal enzynpsin D, 69% recognized peptide 1 and 79% recognized pepti
and the mature enzyme can be detected in the sera of n@nThe sera from non-tumor-bearing controls failed to reco
tumor-bearing individuals (Fig. 1), these processing erromsize these peptides.
resulting in significant circulating levels of pro-form and the Measurement of circulating cathepsin D levels appears to
subsequent development of a humoral response, appear t@heseful marker for progression and response to therapy i
unigue to cancer. Previously, Brouillet al. [18] suggested number of tumors, including endometrial cancer. The curre
that utilizing an immunoassay detecting circulating procathassay systems measure total cathepsin D and do not distingt
psin D should enhance cancer specificity compared to topab-forms from mature forms. Some nonneoplastic conditiol
cathepsin D immunoassays currently used. can result in elevated total cathepsin D; thus, this genel
Our past work with cathepsin D has provided evidence astmeasurement lacks specificity. For the production of an ir
the plausibility of developing an autologous antibody assay houne response, cathepsin D must be overexpressed and ex|
this enzyme in an attempt to exploit it for future use in bothn alteration causing it to be recognized as foreign. Su
diagnosis and treatment. The cathepsin D model appeagd@rations include mutations and altered posttranslatior
plausible for two reasons. First, previous work has shown thabdification (i.e., aberrant glycosylation or phosphorylation c
cathepsin D was associated with a wide variety of tumor typesapdified progressing).
including ovarian and endometrial. Second, we have previ-Rochefortet al. [19] demonstrated that the overexpressio
ously sequenced the amino acid sequence of this enzyraed secretion of procathepsin D increase the incidence
making manipulation for the development of the ELISA assaglinical metastases by increasing cell growth and decreasi
manageable. Thus, this study addressed the utility of the lmontact inhibition, rather than mediating the escape of canc
moral response to define specific epitopes of the cathepsirc@ls through the basement membrane as previously postulat
protein, which could be subsequently targeted for the develophis dysregulated growth of tumor cells, as well as the deve
ment of diagnostic assays. opment of chemoresistance, appears to be mediated by
In the present study, endometrial cancer patients (31/4@p-peptide portion of cathepsin D [20, 21]. Thus, the overe:
generally expressed pro-forms of cathepsin D, while only thmession and altered posttranslational modifications of cathe
mature (34 kDa) form was detectable in the sera of non-tumain D producing circulating pro-forms, observed in this study
bearing controls. Currently utilized total cathepsin D ELISAsan stimulate the malignant progression of tumors. In contre
do not distinguish the presence of the various molecular fornts, current assays for circulating cathepsin D, the presence
but measure only the total amount of circulating enzymantibodies reactive with specific epitopes of procathepsin D
While the individuals in our study would have been identifiedssociated with not only the overexpression of cathepsin D, |
by these assays as having overexpressed enzyme, thereakm® the presence the aberrant processing and modificatior
other nonmalignant conditions that would also give positivilae pro-enzyme. Since immune responses generally prec
results. detectable circulating antigen, the assessment of antibod
Of the 31 cancer patients exhibiting circulating pro-formsgainst tumor-derived antigens may be an earlier diagnos
29 patients exhibited antibodies reactive with forms of catheprarker than current assays measuring circulating antigen. T
sin D (Fig. 2). Cathepsin-D-reactive antibodies could not jesence of antibodies recognizing specific epitopes may a
demonstrated in the 9 patients with endometrial cancer who did a prognostic marker, since it indicates the presence of
not exhibit circulating pro-cathepsin D or in the normal comaberrant pro-peptide mediating increased cell proliferation al
trols. Thus, it appeared that the enzyme-reactive antibod@eemoresistance. This study specifically examined patient-c
were elicited by the presence of the pro-forms of cathepsin fived antibody reactive with procathepsin D; however, th
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approach described can be applied to any tumor-derived com-

ponent eliciting an autologous humoral response. By identify-

tumor markers in human ovarian cancer cell lines. J Soc Gynecol Inve
1996;3:216-22.

ing the presence of shared epitopes recognized by these réfcEhinni SR, Geel-Taylor C, Falchetto RA, Shabanowitz J, Hunt DF,

tive antibodies from ovarian cancer patients, we can define

Taylor DD. Cathepsin D and glucose-regulated protein 78 recognized
the humoral response of ovarian cancer patients. Clin Cancer Res 19

specific changes that are essential from neoplastic development.;557_g4.

and progression. By defining specific shared alterations in the
procathepsin D molecule inducing the malignant progression
of tumor cells, these epitopes may ultimately represent impor-
tant therapeutic targets. 12.
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