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Abstract MUC1 (CA15-3) and MUC16 (CA125) tumor-
associated antigens are upregulated in ovarian cancer and
can be detected in patients’ sera by standardized tests. We
postulated that increased MUC1 and MUC16 antigens aug-
ment antibody responses in platinum-resistant ovarian can-
cer patients and that the frequency and intensity of these
responses can be used as immune biomarkers of treatment

response and disease outcome. We measured MUC1 and
MUC16 tumor expression by immunohistochemistry
(IHC), assessed serum antigenic levels and quantitated cir-
culating antibodies by ELISA in a cohort of 28 ovarian can-
cer patients with platinum-resistant or platinum-refractory
ovarian cancer, and treated with intraperitoneal (IP) inter-
leukin-2 (IL-2). MUC1 and MUC16 were overexpressed in
tumor samples and showed diVerential distribution proWles.
Serum MUC1 (CA15-3) measurements were elevated in all
patients and signiWcantly correlated with increased risk of
death (P = 0.003). MUC1-speciWc IgM and IgG anitbodies
were found in 92 and 50% of cases, respectively. Patients
with progressive disease had higher mean anti-MUC1 IgG
than responders at both early (P = 0.025) and late
(P = 0.022) time points during IP IL-2 treatment. Anti-
MUC1 IgM antibodies inversely correlated with overall
survival at both early (P = 0.052) and late (P = 0.009) time
points. In contrast to MUC1, neither soluble MUC16 nor
MUC16-speciWc antibodies were signiWcantly associated
with clinical response or overall survival in this study.
Increased serum MUC1 and high anti-MUC1 antibody lev-
els are prognostic for poor clinical response and reduced
overall survival in platinum-resistant or platinum-refractory
ovarian cancer.

Keywords Ovarian cancer · Platinum resistance · MUC1 
(CA15-3) · MUC16 (CA125) · Humoral immunity · 
Interleukin-2 · Biomarkers

Introduction

Ovarian cancer treatment typically combines surgery and
platinum–taxane-based chemotherapy. While the majority
of patients initially respond to platinum-based therapy, in
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approximately 25% of cases no response can be achieved.
The 5-year survival for this patient category with platinum-
resistant or platinum-refractory tumors is extremely poor
[1]. Given the limited ability of current approaches to eVec-
tively manage treatment-resistant ovarian cancer, early
prognostic markers and novel therapeutic targets are
needed in order to stratify patients, to reduce unnecessary
treatment-associated morbidities from ineVective chemo-
therapy, and to provide new treatment options. Mucins are
well-known epithelial cell markers, extensively studied for
their potential in the diagnosis, prognosis, and therapy of
epithelial cancers. The best described member of the mucin
family is mucin 1 (MUC1), a tumor-associated antigen and
an oncoprotein widely studied in breast, pancreatic, and
lung cancers [2, 3]. Soluble MUC1 (also known as CA15-
3) is an extensively used tumor marker routinely employed
in the clinic for the diagnosis and disease management of
invasive breast cancer. In a recent ranking of 75 tumor anti-
gens based on predeWned and pre-weighted criteria (includ-
ing, among others, therapeutic function, immunogencity,
oncogenicity, and speciWcity), MUC1 received the second
highest priority score (after WT1), emphasizing its potential
for future translational studies and vaccine development [4].

MUC16, most commonly known as CA125, is another
transmembrane mucin expressed by ovarian tumor cells
and detected at high levels in the peripheral blood of ovar-
ian cancer patients. Serum CA125 continues to be the best
validated marker for ovarian cancer and is currently widely
employed for monitoring response to therapy and for
detecting disease recurrence [5–7].

Overproduction of MUC1 and MUC16 in ovarian cancer
leads to increased circulating levels of both molecules,
detectable by standardized tests (CA15-3 and CA125,
respectively). The ability of these abundant antigens to
inXuence immune surveillance in platinum-resistant ovar-
ian cancer patients has not been assessed. We postulated
here that overexpressed MUC1 and MUC16 augment anti-
body production and that the frequency and intensity of
humoral responses can be used as immune biomarkers of
treatment and disease outcome. To address this, we mea-
sured tumor MUC1 and MUC16 antigen expression, deter-
mined soluble antigenic levels, and quantiWed MUC1- and
MUC16-speciWc antibodies in a cohort of 28 ovarian cancer
patients with platinum-resistant or platinum-refractory
ovarian tumors. All patients have received intraperitoneal
(IP) Interleukin-2 (IL-2) in a phase II clinical trial con-
ducted at our institution between 1995 and 1999. We have
recently reported the demographics and clinical outcomes
of this patient cohort and have described the T-lymphocyte
measurements that can be used as immune biomarkers [8].
Our clinical trial identiWed several long-term survivors,
some with survival rates of over 10 years [8]. Because of
the long-term survival data and the encouraging response

rates seen in a subset of patients, this trial provided us with
a valuable opportunity to test the eVect of naturally occurring
MUC1- and MUC16-speciWc antibodies on both treatment
response and survival.

Materials and methods

Patients and samples

Following University of Pittsburgh Institutional Review
Board approval, serum and tissue samples were obtained
from 28 patients with biopsy-proven, persistent ovarian
cancer who had previously participated in a phase II clini-
cal trial at our institution. Patient eligibility and characteris-
tics have been previously reported [8].

Patients must have completed greater than Wve courses
of platinum or taxane-containing regimen with a disease-
free interval of less than 6 months. Disease status was eval-
uated surgically no more than 6 weeks to being enrolled,
and the disease burden was required to be intra-abdominal.

Peripheral blood was collected prior to each of the
weekly IP infusions with 6 £ 105 IU/m2 of recombinant IL-2
(Proleukin, Aldesleukin, Chiron). From each patient, we
used the banked serum samples collected from early (base-
line) and late time points (after the last or next to the last
IL-2 infusion). Sera were collected using non-heparinized
tubes and stored at ultra-low temperatures until ready to
use. Tumor samples were collected at the time of primary
surgical debulking procedure and were stored either as
snap-frozen specimens or formalin-Wxed, paraYn-embed-
ded (FFPE) tissue blocks.

The diagram in Suppl. Fig. 1 outlines the number of
available clinical specimens used in this study and indicates
which were evaluable for clinical response. Archived tumor
samples were available from 19 patients and were grouped
into 4 major histologic subtypes: serous (n = 7), endometri-
oid (n = 2), clear cell (n = 4), and poorly diVerentiated ade-
nocarcinoma (n = 6); none of our study cohort patients had
mucinous histology.

Immunohistochemistry

All FFPE tissue blocks from the primary tumors were cut at
4 �m. Tissue sections were deparaYnized and peroxidase
activity was blocked with 10% hydrogen peroxide in meth-
anol (Sigma) for 30 min. Antigen retrieval was performed
by boiling tissue sections in 0.1 M citrate buVer (pH 6.0)
for 20 min. MUC1 (clone HMPV 1:400, BD Biosciences),
CA125 (clone X325 1:500, Abcam), and isotype control
(mouse IgG1 1:400 BD Biosciences) primary antibodies
were incubated on tissue sections for 1 h at room tempera-
ture. A goat anti-mouse IgG biotinylated secondary antibody
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(1:50, BD Biosciences) was incubated on tissue sections for
30 min, followed by avidin-HRP (Vectastain ABC kit) for
30 min at room temperature. Lastly, tissue sections were
incubated with diaminobenzadene (DAB) substrate and then
counterstained with hematoxylin (SelecTech).

All hematoxylin and eosin (H&E) and immuno-stained
slides were reviewed by a pathologist (EE) with expertise
in gynecologic oncology. The images were acquired with a
PowerShot A640 Canon camera attached to an Axiostar
Plus Zeiss microscope, using AxioVision Rel. 4.6 software,
Carl Zeiss.

ELISA

Soluble MUC1 (CA15-3) was assessed in the sera of
patients at early and late time points (described above),
using a commercially available sandwich ELISA kit (Pro-
lias, PS-1015). BrieXy, experimental and control sera (from
healthy subjects without known gynecologic malignancies)
were diluted 51-fold using the sample diluent and dis-
pensed, in duplicates. An internal standard curve allowed
for the measurement of CA15-3 concentrations (U/mL) in
the diluted serum samples. Serum CA-125 levels (U/mL)
were determined at Magee-Women’s Hospital clinical
laboratory. Early values were considered to be the serum
CA-125 levels immediately prior to study enrollment or
otherwise the Wrst recorded measurements following enroll-
ment. Late values were considered to be the serum CA-125
level occurring near the time of each patient’s Wnal IP IL-2
treatment.

Serum anti-MUC1 and anti-MUC16 IgM and IgG anti-
body levels were measured using an indirect enzyme-linked
immunosorbent assay (ELISA) [9–11]. BrieXy, 96-well
Immulon4 ELISA plates (Thermo Electro Corporation)
were half-coated with 2.5% bovine serum albumin (BSA)
and either MUC1 (10�g/mL) [12, 13] or CA125 (1,000 U/
mL) peptides. The MUC1 100mer peptide comprises Wve
20 amino acid long tandem repeats [HGVTSAPDTRPA
PGSTAPPA]5. This sequence is derived from the MUC1
extracellular domain and was synthesized at the University
of Pittsburgh Peptide Synthesis Facility. The CA125 pep-
tide used to coat the plate was purchased from Biodesign
International. Following overnight incubation at room tem-
perature, the wells were incubated with 2.5% BSA to block
non-speciWc absorption sites. Serum samples (1:40) were
incubated for 1 h at room temperature, and peptide-bound
serum immunoglobulins were detected using alkaline phos-
phatase-conjugated goat anti-human IgG (1:2,000, Sigma)
or goat anti-human IgM antibodies (1:2,000, Sigma).
P-nitrophenyl phosphate substrate was then added to all
wells and incubated for 30 min at room temperature. Samples
were run in triplicates, and assay results were calculated
using Ascent Software for Multiskan version 2.6 (Thermo

ScientiWc). The results were reported and used for further
analysis after extracting the optical density (OD) values
from control (BSA-coated) wells.

Statistical analysis

The overall survival (OS) was deWned as the time interval
between start date of treatment and date of death (or last
follow-up date if the patient was still alive). Kaplan–Meier
method was used to estimate the survival function. Associ-
ations between early and late changes in anti-MUC1 and
anti-CA125 IgM or IgG levels and overall survival or treat-
ment response were determined by proportional hazard
regression or Kruskal–Wallis tests, respectively. DiVer-
ences between early and late time point IgG or IgM levels
for both anti-MUC1 and anti-CA125 antibodies were deter-
mined via Wilcoxon Rank Sum Tests. Four categories of
clinical response were deWned as follows: stable disease
(SD), progressive disease (PD), partial response (PR), and
complete response (CR). Patients with SD, PR, and CR
were grouped as “responders” and compared to those with
PD or “non-responders”. Statistical analyses was performed
using SAS v 9.1 (Cary, NC), and a P value < 0.05 was con-
sidered statistically signiWcant.

Results

MUC1 and MUC16 antigens show diVerential expression 
in platinum-resistant ovarian tumors

We identiWed tumor MUC1 and MUC16 by immunohisto-
chemistry (IHC) on paraYn-embedded tissue sections,
using MUC1- and MUC16-speciWc monoclonal antibodies.
While both mucins are normally present in low levels in the
lumen of benign endometrial glands, they were undetect-
able or only minimally expressed on benign ovarian surface
epithelium (OSE; Fig. 1a).

Nineteen archived tumor samples were available for
immunohistochemical study with MUC1 and MUC16, from
our 28 previously reported IP IL-2 clinical trial enrolled
patients (Suppl. Fig 1, consort diagram) [8]. These were
divided into 4 histologic subtypes: serous (n = 7), endome-
trioid (n = 2), clear cell (n = 4), and poorly diVerentiated
adenocarcinoma (n = 6). Our results show that in contrast to
baseline OSE cells, which are mostly negative for both muc-
ins, the epithelial ovarian tumors variably expressed MUC1
and MUC16, regardless of histologic subtype (Fig. 1b).

The immunohistochemical results were semiquantita-
tively analyzed based on the proportion of stained tumor
cells and the staining intensity, using a scoring scale of
0–3+ and 0–4+, respectively (Table 1). Examples of immu-
nohistochemical scoring system based on area are shown in
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Fig. 1c. Our evaluation showed that while all tumors were
MUC1 positive and expressed extremely high MUC1 levels
(scores ¸3+ in 100% of tumors), MUC16 positive tumors
were less prevalent (78.9%, P = 0.05) in this cohort
(Table 1). The greatest proportion of tumors (31.6%)
received MUC16 intensity scores of 2+, and 4 of 19 tumors
(21%) were entirely negative, consistent with previous
reports [14–16]. Approximately 16% of tumors (3 of 19)

had MUC16 present in more than 50% of the examined
tumor areas. Both staining intensity and area scores were
signiWcantly higher for tumor MUC1 than MUC16
(P < 0.0001, Table 1).

We also identiWed diVerential cellular localization for
MUC1 and MUC16. MUC16 remained mostly membrane-
bound, while MUC1 was variably present on the membrane
and throughout the cytoplasm in the majority of the epithelial

Fig. 1 MUC1 and MUC16 expression in healthy tissues and ovarian
tumors according to histology. Immunohistochemical staining for
MUC1 (clone HMPV, 1:400) and MUC16 (clone X325 1:500) were
performed on all available formalin-Wxed, paraYn-embedded tissue
biopsies (n = 19). MUC1- or MUC16-expressing cells are shown in
brown. a MUC1 and MUC16 are undetectable on the normal ovarian
surface epithelium (OSE, top left and right panels, respectively). The
endometrial glands express low levels of both MUC1 and MUC16 on

the apical side, facing the lumen of ducts (lower left and right panels,
respectively). b Increased MUC1 and MUC16 expression in ovarian
epithelial tumors, according to histology. c Immunohistochemical
staining score based on area (percentage of positive-stained cells):
0, no staining; 1+, <10% of tissue with positive staining; 2+ , 10–50%
of tissue with positive staining; 3+, >50% of tissue with positive stain-
ing. All tumor sections were scored for MUC1 and MUC16, and sum-
marized data are shown in Table 1
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ovarian cancer, regardless of histologic subtypes (Fig. 1).
Furthermore, MUC1 expression appeared to vary between
membranous and cytoplasmic staining, depending on the
nuclear grade of the tumor (Suppl Fig. 2). It was expressed
in the cytoplasm of high-grade (poorly diVerentiated) tumors,
whereas cell surface, circumscribed expression was seen in
lower-grade (well diVerentiated) tumors. When present,
MUC16 remained membranous, regardless of nuclear grade
(Suppl Fig. 2). These data suggest that although they are
both membrane-bound mucins with some shared similari-
ties (increased tumor expression from baseline OSE levels),
MUC1 and MUC16 have many contrasting features
(expression intensity, cellular distribution pattern) that are
likely to aVect their immunogenic potential.

Soluble MUC1 (CA15-3) and MUC16 (CA125) 
as prognostic factors

Tumor MUC1 and MUC16 can also be found in a soluble,
serum-circulating form [2]. Given the observed overall
overexpression of tumor-bound MUC1 and MUC16 anti-
gens, we examined the sera of all patients for the presence
of both mucins in a secreted form.

We measured soluble MUC1 (CA 15-3) and MUC16
(CA125) serum levels from 28 patients with platinum-resis-
tant or -refractory ovarian tumors and studied the changes
in those levels during treatment with IP IL-2. The upper
limit for a normal reading in both assays was 35 U/mL.

Our results (Table 2) show that at baseline, 100 and
43% patients had increased MUC1 and MUC16 levels,

respectively, correlating with our immunohistochemical
Wndings. MUC1 tissue overexpression largely mirrored the
elevated serum MUC1 levels (>35 U/mL, CA 15-3 test).
Furthermore, the average measurements for soluble MUC1
(1,556.42 U/mL) were much more prominent than for
MUC16 (132.72 U/mL, P < 0.001). Upon treatment com-
pletion, the average values continued to remain elevated for
both mucins. The increases from baseline (early time
points) to treatment completion (late time points) were sig-
niWcant for MUC16 (P = 0.0258, Wilcoxon rank sum test),
but not for MUC1 (P = 0.8347, Wilcoxon rank sum test).

Further statistical analyses, however, revealed that per-
sistently increased soluble MUC1 levels were signiWcant
risk factors for survival. Higher MUC1 values at late time
points and rising MUC1 values during treatment were both
associated with increased risk of death (P = 0.003 and
P = 0.006, respectively), consistent with results from breast
cancer patients showing elevated soluble MUC1 as a nega-
tive predictor of outcome [17, 18]. Although early soluble
MUC1 levels were not signiWcant predictors (P = 0.075),
signiWcance could potentially be reached with a larger
patient cohort.

Somewhat paradoxically, 57% of patients in our cohort
showed baseline MUC16 (CA125) within normal limits,
despite having evidence of residual disease, conWrmed by
laparoscopy or laparotomy. Importantly, however, most
subjects had CA125 levels greater than 10 U/mL, consis-
tent with data from Markman et al. [19] demonstrating
nadir CA125 levels >10 U/mL were associated with shorter
time to recurrence. Nevertheless, CA125 showed here sig-

Table 1 Semiquantitative analysis of MUC1 and MUC16 tumor
expression by immunohistochemistry (n = 19)

Average area scoring for MUC1 and MUC16 were 3 and 1.58, respec-
tively (P < 0.0001, Students t test)

N/A not applicable
a MUC1 and MUC16 were scored for staining intensity using a
0–4+scale: 0, no staining; 1+, faintly positive; 2+, positive; 3+, strong-
ly positive; 4+, very strongly positive; Average intensity scoring for
MUC1 and MUC16 were 3.53 and 1.84, respectively (P < 0.0001, Stu-
dents t test)
b MUC1 and MUC16 staining was scored for the percentage of
positive cells of total area occupied by tumor, using a 0–3 + scoring
system: 0, no staining; 1+, <10% of tissue with positive staining; 2+ ,
10–50% of tissue with positive staining; 3+ , >50% of tissue with pos-
itive staining

Intensity 
scoringa

MUC1 
n (%)

MUC16 
n (%)

Area 
scoringb

MUC1 
n (%)

MUC16 
n (%)

0 0 (0%) 4 (21.1%) 0 0 (0%) 4 (21.1%)

1+ 0 (0%) 3 (15.8%) 1+ 0 (0%) 3 (15.8%)

2+ 0 (0%) 6 (31.6%) 2+ 0 (0%) 9 (47.4%)

3+ 9 (47.4%) 4 (21.1%) 3+ 19 (100%) 3 (15.8%)

4+ 10 (52.6%) 2 (10.5%) N/A N/A N/A

Table 2 Serum MUC1 (CA15-3) and MUC16 (CA125) measure-
ments in patients with treatment-resistant tumors receiving IP IL-2

a Measurements were taken at two time points: early (baseline) and
late (treatment completion)
b Table values represent the number (n) and percentage of the patients
with MUC1 or MUC16 serum values within normal limits (35 U/mL
for both MUC1 and MUC16)
c MUC1 and MUC16 measurements >35U/mL were considered ele-
vated
d Average serum levels (Minimum, Maximum) for MUC1 or MUC16
expressed as units/mL

Study time 
pointa

Within 
normal
limitsb 
n (%)

Elevated 
serum 
levelsc 
n (%)

Average 
Serum 
Leveld 
(min–max)

MUC1 (CA15-3)

Early (N = 28) 0 (0%) 28 (100%) 1,556.42 (60.92–5,172.77)

Late (N = 27) 0 (0%) 27 (100%) 1,968.00 (44.18–9,007.68)

MUC16 (CA125)

Early (N = 28) 16 (57.1%) 12 (42.9%) 132.72 (10–1,456.2)

Late (N = 27) 8 (28.6%) 20 (71.4%) 301.1 (10–2,475)
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niWcant increases during serial measurements, supporting
its clinical usability to monitor persistent disease.

While conWrming MUC16 (CA125) as a reliable marker
for monitoring treatment response, our Wndings reveal
increased soluble MUC1 (CA15-3) as a negative outcome
predictor in treatment-resistant ovarian cancer.

MUC1- and MUC16-speciWc antibodies as immune 
correlates of response to treatment and survival

Given the elevated levels of MUC1 and MUC16 at the
tumor site and as soluble antigens, we hypothesized that
spontaneous humoral immunity to these antigens can be trig-
gered and that speciWc immunoglobulins will be detected in
the patients’ sera. To test this, we measured MUC1- and
MUC16-speciWc antibodies by ELISA, using well estab-
lished, standardized protocols [9–11]. For each patient, anti-
bodies were quantiWed in sera collected at two time points
(early and late) during IP IL-2 treatment. The ELISA read-
ings that were signiWcantly higher than those obtained from
control protein-coated wells were indicative of antigen-spe-
ciWc antibody presence. Our results showed that at baseline,
92 and 50% of patients had detectable MUC1-speciWc IgM
and IgG antibodies, respectively. The frequency of these
responses was only 60 and 28% for MUC16-speciWc IgM
and IgG antibodies, respectively. Furthermore, the ampli-
tude of MUC1- versus MUC16-speciWc antibody responses
was strikingly diVerent, as evidenced by the increased

ELISA measurements for MUC1 and much less for MUC16
antibodies (Fig. 2). No signiWcant changes in either MUC1
or MUC16 antibody levels (IgM or IgG) were observed
from early to late time points during IL-2 treatment (n = 28
patients, Wilcoxon signed rank test).

We next postulated that MUC1- and MUC16-speciWc
antibodies inXuence the tumor biology and may serve as
markers of response to treatment and disease outcome. The
patients were grouped by treatment response as either
responders or non-responders (deWned in Materials and
Methods). Of the 31 patients enrolled, only 24 patients
were available for laparoscopic evaluation of response [8].
In the responders group (n = 13), we included patients with
complete response (CR, n = 4), stable disease (SD, n = 7),
and partial response (PR, n = 2) and compared their marker
expression to those with progressive disease (PD, non-
responders, n = 11), using Kruskal–Wallis statistical analy-
sis. Our results revealed signiWcant diVerences in mean
measurements of MUC1 IgG antibodies among responders
and non-responders (Table 3) with non-responders showing
higher mean anti-MUC1 IgG than responders at both early
and late time points (P = 0.025 and P = 0.022, respectively
Fig. 3). In comparison, there was no signiWcant diVerence
between early and late anti-MUC16 IgG measurements
among responders and non-responders (P = 0.334 and
P = 0.174, respectively; Table 3). Similarly, neither
MUC1- nor MUC16-speciWc IgM antibody responses were
signiWcantly associated with treatment response (Table 3).

Fig. 2 Frequency and amplitude of MUC1- and MUC16-speciWc anti-
bodies by ELISA. Serum samples from n = 28 patients were run in trip-
licate and average values were plotted. Early (divot) and late (narrow
horizontal) IgM (left panels) and IgG (right panels) antibody response

to MUC1 (a and b) and CA125 (c and d). The y axis shows the average
delta OD (optical density) measurements (OD sample-OD control) at
405 nm
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We also analyzed the changes in anti-MUC1 and anti-
MUC16 antibodies from early to late time points during
IL-2 treatment, according to treatment response. The only
signiWcant changes were for MUC1-speciWc IgM antibod-
ies in the responders group. Patients in this group showed
an increase in IgM antibody levels (P = 0.033, Wilcoxon
signed rank test). No signiWcant changes were observed for
anti-MUC1 IgG. Antibodies to MUC16 of either isotype
did not signiWcantly change during IL-2 treatment in either
responders or non-responders.

We also identiWed signiWcant antibody correlations with
survival. The anti-MUC1 IgM antibodies were inversely cor-
related with the overall survival at both early (P = 0.052) and
late (P = 0.009) time points (Table 3). As seen with IgG
response, higher anti-MUC1 IgM measurements were asso-

ciated with reduced survival and poorer prognosis. We found
a non-signiWcant association between higher early or late
anti-MUC1 IgG measurements and poorer prognosis
(P = 0.07 and P = 0.08, respectively; Table 3).

MUC16-speciWc antibodies showed no signiWcant asso-
ciations between early or late anti-MUC16 IgG or IgM
measurements and overall survival (Table 3).

Discussion

The vast majority of translational cancer research studies to
date have primarily focused on quantitative and qualitative
measurements of natural or vaccine-induced tumor antigen-
speciWc T-cell responses and their utility as immune bio-
markers for disease management [20–22]. Much less is
known, however, about how often humoral immune
responses against tumor antigens are generated in cancer
patients and how tumor biology and ultimately disease out-
comes may be modulated by naturally occurring, circulat-
ing antibodies [23]. We reported here several important
characteristics of MUC1 and MUC16, two of the most
commonly studied ovarian tumor-associated antigens [2],
using a side-by-side comparison of their tissue expression,
serum antigen levels, and natural immunogenicity. Based
on a small cohort of patients treated with IP IL-2, our stud-
ies revealed marked MUC1 overexpression in 100% of the
platinum-resistant and platinum-refractory tumors studied
and identiWed soluble MUC1 and serum MUC1-speciWc
antibodies as markers of clinical response and survival.
Despite its small sample size, we chose this patient cohort
because of the availability of long-term survival data,
which in some patients exceeded 10 years [8], and the
encouraging clinical responses seen in a patient subset.
While IL-2 in vivo eVects are likely cell mediated, we pos-
tulated that the immune modulatory properties of IL-2 can
indirectly trigger systemic variations in tumor-associated
antigens and in antigen-speciWc antibody responses. We
found that the increases from baseline (early time points) to
treatment completion (late time points) were signiWcant for
MUC16 but not for MUC1 antigen. The MUC1- and
MUC16-speciWc antibodies varied with treatment although
the only signiWcant changes were for MUC1-speciWc IgM
and only for patients in the responder group. We also iden-
tiWed several correlations between MUC1 antibodies and
response and survival, suggesting that a combination of
tests measuring MUC16 and humoral immunity to MUC1
may provide prognostic importance in platinum-resistant
ovarian cancer.

In contrast to cellular immunity, where well-documented
evidence shows that robust Th1 and cytotoxic lymphocyte-
mediated tumor-speciWc immune responses correlate with
better prognosis [24–26], many unanswered questions still

Table 3 MUC1 and MUC16 antigen and antibody correlations with
treatment response (n = 24) and overall survival (n = 28)

a Soluble MUC1 and MUC16 were measured by CA15-3 and CA125
assays, respectively. Antibodies were measured by ELISA
b Measurements were taken at early (baseline) and late time points
(treatment completion)
c Patients were grouped in responders (CR + SD + PR, n = 13) and
non-responders (PD, n = 11) as explained in Materials and Methods.
Correlations with treatment response were performed via Kruskal–
Wallis testing
d Correlations with overall survival were performed via Wald propor-
tional hazard regression modeling. HR hazard ratio. SigniWcant values
(P < 0.05) are highlighted in bold. The HR measurements for signiW-
cant p values only are shown

Measurementa Study time
pointb

Treatment 
responsec 
P value

Overall 
survival 
P value (HRd)

Serum MUC1 
(CA15-3)

Early 0.977 0.075

Late 0.854 0.003 (1.0004)

Change 0.951 0.006 (1.0007)

MUC1-IgG Early 0.034 0.070

Late 0.039 0.082

Change 0.254 0.382

MUC1-IgM Early 0.137 0.052 (1.42)

Late 0.962 0.009 (1.50)

Change 0.620 0.106

Serum MUC16 
(CA125)

Early 0.750 0.202

Late 0.750 0.116

Change 0.325 0.161

MUC16-IgG Early 0.334 0.732

Late 0.174 0.325

Change 0.369 0.797

MUC16-IgM Early 0.655 0.786

Late 0.536 0.201

Change 0.111 0.303
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remain regarding the biologic signiWcance of anti-tumor
antibodies and their utility for early disease detection, post-
therapy surveillance and/or estimation of prognosis. Using
MUC16 as the hallmark antigen for ovarian cancer, we
compared and contrasted MUC1 and MUC16 based on
their tissue expression, serum levels, and targeted antibod-
ies. Our report shows high frequency and high amplitude of
MUC1-speciWc IgM and IgG antibodies among patients
with recurrent platinum-resistant or -refractory ovarian can-
cer. Although all patients had MUC1 positive lesions and
abnormally high soluble MUC1 (CA15-3) levels, not all
exhibited similar antibody levels or isotype proWles, reveal-
ing notable variability of host-versus-cancer humoral
immune surveillance mechanisms. The increased frequency
of MUC1-speciWc IgM responses observed is likely due to
the augmented MUC1 antigenic load (conWrmed by our his-
tologic Wndings and serum antigen measurements), which
can directly inXuence B-cell responses [27, 28]. In addition,
we observed signiWcant increases in IgM levels during
treatment in the responders group, further suggesting that
IgM antibodies (likely the Wrst ones to Xuctuate in response
to variations in tumor antigen levels) may be better for

monitoring the eVects of treatment-induced, antigen-spe-
ciWc humoral immunity. The presence of IgG antibodies, on
the other hand, demonstrates an in vivo IgM-to-IgG isotype
switch, likely mediated by CD4 Th2 cells [29]. Although
we have not addressed here the Th2 status of the enrolled
patients, a Th2-driven immune imbalance has been often
reported in cancer and is generally seen as negatively inXu-
encing survival [30, 31]. Humoral immune responses
against other tumor antigens, like p53 [32] and NY-ESO-1
[33], have also been reported as poor prognostic indicators
in ovarian cancer. Consistent with these Wndings, our
results show an inverse correlation between naturally
occurring MUC1-speciWc antibodies and clinical response
or survival in patients with platinum-resistant or -refractory
disease. Oei et al. also showed that platinum-sensitive ovar-
ian cancer patients with natural immunity to MUC1 had no
clear beneWt in disease-free survival and overall survival
[34], suggesting that platinum resistance might not play a
role in the negative association seen in our study.

In contrast to our Wndings, anti-MUC1 antibodies have
been reported as favorable prognostic indicators in patients
with pancreatic, lung, and breast cancer and are believed to

Fig. 3 MUC1 antibody 
responses by treatment response. 
Patients (n = 24) were classiWed 
as responders and non-respond-
ers according to criteria 
described in “Materials and 
methods”. Kruskal–Wallis tests 
were used to detect signiWcant 
diVerences in mean early and 
late IgM (a, b) and IgG 
(c, d) antibody measurements by 
ELISA among responders and 
non-responders. Neither anti-
MUC1 early (a) or late (b) IgM 
antibody responses showed 
signiWcant diVerences between 
responders and non-responders. 
Non-responders have higher 
early mean IgG than responders 
(a, P = 0.025) and higher late 
mean IgG than responders 
(b, P = 0.022). Using statistical 
analysis software (SAS), sche-
matic box-plots were made for 
signiWcant associations
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interfere with MUC1-induced tumor growth and metastasis
[35–37]. These apparent organ-speciWc discrepancies
underline the need for better deWned criteria of antibody
measurements (like titer and isotype) as indicators of opti-
mal immunity. Furthermore, there may also be diVerential
consequences between humoral MUC1 immunity gener-
ated in young women in response to benign modiWcations,
which seems to be inversely associated with ovarian cancer
risk [38], and antibody responses accompanying advanced
stage tumors, which may be negative predictors of response
and survival. Understanding these qualitative and quantita-
tive diVerences in pre-existing antibody proWles will not
only improve their prognostic value but will also inXuence
the development of new therapeutic and preventive MUC1
vaccines many of which are designed to trigger de novo
antibodies in the host. In light of our results, antigen-spe-
ciWc immunization of late stage cancer patients with plati-
num-resistant disease should take into consideration the
baseline antibody levels and tailor the response via Th1 and
cytotoxic T-cell-mediated immunity, rather than further
increasing the patients’ pre-existing anti-MUC1 antibody
titers.

In summary, while MUC16 (CA125) continues to
remain a useful biomarker for monitoring disease recur-
rence and response to treatment [39–41], MUC1 (CA15-3)
and MUC1-speciWc antibodies may serve as prognostic
immune biomarkers in platinum-resistant ovarian cancer
and can provide valuable insight for the immune status of
the host. Larger studies in both platinum sensitive and
refractory disease are required in order to conWrm MUC1
antibodies as markers of survival and clinical response to
therapy and to validate their signiWcance for ovarian tumor
immune biology.
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