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kel cell polyomavirus (MCPyV) is a common infectious agent that is likely involved in the etiology
st Merkel cell carcinomas (MCC). Serum antibodies recognizing the MCPyV capsid protein VP1 are
able at high titer in nearly all MCC patients and remain stable over time. Although antibodies to the
apsid indicate prior MCPyV infection, they provide limited clinical insight into MCC because they are
etected in more than half of the general population. We investigated whether antibodies recognizing
V large and small tumor-associated antigens (T-Ag) would be more specifically associated with MCC.
g 530 population control subjects, these antibodies were present in only 0.9% and were of low titer.
trast, among 205 MCC cases, 40.5% had serum IgG antibodies that recognize a portion of T-Ag shared
en small and large T-Ags. Among cases, titers of T-Ag antibodies fell rapidly (∼8-fold per year) in
ts whose cancer did not recur, whereas they rose rapidly in those with progressive disease. Importantly,
eral patients who developed metastases, the rise in T-Ag titer preceded clinical detection of disease
. These results suggest that antibodies recognizing T-Ag are relatively specifically associated with
spread

MCC, do not effectively protect against disease progression, and may serve as a clinically useful indicator
of disease status. Cancer Res; 70(21); 8388–97. ©2010 AACR.
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kel cell carcinoma (MCC) is an aggressive skin cancer
5% to 50% disease-associated mortality (1). A recently
ered human polyomavirus [Merkel cell polyomavirus
V)] has been strongly linked to MCC and seems to par-
e in the causation of most MCC tumors. Indeed, MCPyV
s detectable in ∼80% of MCC tumor lesions and has
hown to be integrated into MCC tumor DNA (2–5).
her polyomaviruses, MCPyV encodes two
f genes (6). The early genes [tumor-associated
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ns (T-Ag)] promote cell cycle entry and replication of
NA and are expressed from a single transcript. The

t of the T antigen species, aptly named large T antigen
g), is an oncoprotein that is persistently expressed in a
ted form in the majority of MCC tumors and likely
tes cell division in MCC cell lines by inhibition of the
suppressor pRb (7–10). Small T antigen (ST-Ag) shares
st 78 amino acids with LT-Ag, is thought to inhibit the
suppressor PP2A through its unique COOH-terminal

in, and is also expressed in MCCs (10). In contrast to
ntigens, the late genes [viral proteins (VP)] encode pro-
that form the viral capsid, of which VP1 is the major
tuent. Although the capsid is required for initial infec-
P1 expression cannot be detected in MCC tumors (11)
thus thought to not play a role in tumor persistence.
rk from several groups, including our own, has shown
early all MCC patients have antibodies to the MCPyV
(11–13). This suggests that a history of infection with
V is associated with MCC tumor development. How-
nfection with MCPyV is common, and 42% to 77% of
ts from the general population have antibodies to
proteins (12–15). Thus, there is limited potential for
ntibodies to be used clinically as a marker for MCC.
hypothesized that serum antibodies to MCPyV T anti-
ould be more specifically associated with MCC than
of the viral capsid. In contrast to capsid proteins that
ghly visible to the humoral immune system, T antigen

roteins are not present in viral particles, are only
sed after viral entry into host cells, are located in the
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s (16), and are thus less likely to trigger an antibody
se except in the setting of dying or diseased tissue
as a tumor that persistently expresses the T antigens).
study, we used multiplex serology and a case-control
to characterize differences in frequency, titer, and

icity of anti-MCPyV antibodies between MCC cases
opulation-based controls.

rials and Methods

n subjects
studies were approved by the Institutional Review
of the Fred Hutchinson Cancer Research Center and
University Hospital of Wuerzburg and were performed
ordance with Helsinki Principles.
m samples from MCC cases used in the matched case-
ol analyses were from the Merkel Cell Carcinoma
itory of Patient Data and Specimens, Fred Hutchinson
r Research Center, and were collected between January
8 and May 1, 2010. Case patients (n = 139) in this
ed portion of the study were from the United States
anged in age from 31 to 91 years at diagnosis and
ed 79 men and 60 women. Control subjects (n = 530)
ecruited from Western Washington by random digit
g as previously described (17, 18) and frequency
ed to case patients with MCC by age (within 5 years)
nder with a final ratio of 4 controls to 1 case.
econd set of sera from MCC cases (not matched to
ls) was obtained from 66 MCC patients and was avail-
or some but not all studies. These sera included 20
from the United States (sera collected 2009–2010)
6 MCC patients from Germany (sera collected 2001–
The age (range, 37–96 years) and gender distributions
ales and 41 males) of this population were similar to

f the MCC cases used in the matched analyses.

ids, cloning, site-directed mutagenesis, and
ration of fusion proteins
ion proteins, in which glutathione S-transferase was
to the NH2 terminus and an 11–amino acid epitope
as added to the COOH terminus (19), were used for
tibody binding assays. See Supplementary Data for
of generation of the fusion proteins.

plex antibody binding assay
se methods are a modification of the protocol de-
d by Waterboer and colleagues (20, 21) and have been
bed in detail previously (13). In brief, polystyrene beads
ovalently coupled to casein that had previously been
with glutathione. Each fluorescently labeled bead set
aded with a different fusion protein and, after wash-
remove unbound fusion protein, pooled for an initial
ment using serum diluted at 1:100 to determine which
es were seroreactive for VP1, LT-Ag, and ST-Ag from
f BK polyomavirus and MCPyV. See Supplementary
or details.

titration experiments, human sera were diluted 1:50
cking buffer in 96-well polypropylene plates (Fisher

MCST
4,216.

acrjournals.org
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ific) and shaken for 20 minutes at room temperature.
dilution of each sample was made in blocking buf-

d the plate was shaken as before. A second 1:10 dilution
ade and the plate was shaken. The dilute sera (50 μL)
ransferred to the wells of a 96-well filter plate that had
ure of antigen-coated beads (50 μL). Each plate had six
sed for the titration of a control (pooled positive sera).
dilutions of the control pool were made starting at 1:2
ntration range, 1:100–1:3,200) on the first plate and
at 1:6 (concentration range, 1:100–1:777,600) on the

plate. The subtracted median fluorescent intensity
values for each antigen were used to generate titration
on GraphPad Prism (GraphPad Software, Inc.) using

gmoidal dose-response (with variable slope) program.
ff of MFI = 1,000 was used as the threshold between
e and negative because 1,000 approximated the border
en signal and noise. These curves (separate for ST-Ag
T-Ag; see Fig. 4A) were used to obtain titers (apparent
for MFIs of all experimental samples. The actual titers
hen corrected for serum dilutions. Thus, the titer for
ample was estimated to be the dilution at which the
e would have an MFI of 1,000. Samples that were too
be computed were given an arbitrary titer of 1. Several
ad titers too high to be calculated even at the 1:10,000
n and were assigned titers of 2,500,000 for ST-Ag and
00 for LT-Ag.
PyV PCR detection in tumor tissue. DNA from MCC
tracted and polyomavirus DNA was detected in tumor
by quantitative PCR (qPCR) using methods as pre-
y described for U.S. (22) and European (4) cases.
PyV immunohistochemistry. Staining for MCPyV
was performed with the CM2B4 antibody (Santa Cruz
hnology; ref. 7) at 1:100 dilution in EDTA buffer (pH 9)
5% swine serum in serum-free protein block and incu-
overnight at 4°C. Antigen retrieval was performed at
or 30 minutes in a preheated 95°C water bath, and then
were slowly cooled for 30 minutes on the bench.

mors were represented in triplicate on a single tissue
array (TMA). Scoring was performed using the Allred
d (23) by an observer blinded to serostatus, and the
n score was used. Some off-target nuclear staining
bserved in tonsil tissue; however, no peritumoral or in-
oral vessels, stroma, or lymphocytes were immunore-
with the CM2B4 antibody. If more than one tissue
a particular tumor was represented on the TMA, a
specimen was chosen using the following ranking: pri-
> nodal metastasis > recurrence > other metastasis.
moral and intratumoral vessels, stroma, and lympho-
all were CM2B4 negative. Scores ranged from 0 to 8,
t points used were as follows: negative, Allred 0 to 1.5;
positive, Allred 2 to 4.5; strong positive, Allred 5 to 8.
tistical analyses. Gender-specific cut points (3 SDs
the mean of population control sera) were used to de-
e seropositivity. Cut points used for men were as fol-
MCST-Ag, 1,058; MCLT-Ag, 3,280; BKST-Ag, 3,683;
-Ag, 6134. Cut points used for women were as follows:

-Ag, 818; MCLT-Ag, 2,110; BKST-Ag, 3,021; BKLT-Ag,
For VP1, the previously published cut point of 5,000

Cancer Res; 70(21) November 1, 2010 8389
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1. Prevalence of antibodies to Merkel cell and BK polyomavirus VP1 (capsid), LT-Ag, and ST-Ag proteins among MCC patients and age- and
tched controls. Population controls were random digit–dialed persons who were age and sex matched to 139 MCC cases in the United States.
LT-Ag and ST-Ag data (n = 205) include these 139 initial cases on which the matching was performed (T-Ag data for the set of 139 available
1) and an additional 66 MCC cases of similar age and sex distributions. First row, reactivity to MCPyV VP1 (left), LT-Ag (middle), and ST-Ag (right).

ot represents one serum sample. Second row, proportion of control and case subjects seroreactive for each MCPyV antigen. Third and
ows, analogous studies carried out using BK polyomavirus antigens. N.S., nonsignificant.
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sed (13). Odds ratios (OR) were sex and age adjusted.
rtion seropositive was compared between groups (e.g.,
and controls, virus-positive versus virus-negative cases)
isher's exact test. Linear regression was used to com-
ssociation between reactivity with ST-Ag to reactivity
T-Ag and to compare association between BKV and
V. Statistical analyses were performed with STATA
re (StataCorp).

lts

patients are more likely than controls to have
dy responses to MCPyV T-Ags
from 139 MCC cases (“initial MCC cases”) and 530
tion controls (age and sex matched 4:1 to these cases)
creened for antibody reactivities to the MCPyV and BK
avirus (BKV) VP1, LT-Ag, and ST-Ag proteins in a

batch (Supplementary Fig. S1). Similar to prior reports,
case subjects were significantly more likely than con-
bjects to have antibody reactivity to the MCPyV capsid
.5; 95% confidence interval (CI), 2.9–11.2] but not the
apsid (OR, 1.4; 95% CI, 0.9–2.3; Fig. 1; refs. 12, 13). How-
he association with MCPyV T-Ag was even stronger.
l of 205 MCC cases were studied for T-Ag reactivity:
itial cases” (Table 1) and an additional 66 cases from
e and the United States with a similar age and gender
ution. MCC case subjects were more likely to have IgG
dy reactivity to the MCPyV LT-Ag (OR, 16.9; 95% CI,
.7) and ST-Ag oncoproteins (OR, 63.2; 95% CI, 24.4–
Table 1). Furthermore, and in contrast to VP1, antibo-
the T antigen were rarely detected among controls

mmonly detected among cases. Indeed, 26% of MCC
ts were seroreactive to LT-Ag compared with only
population subjects (P < 0.001; Fig. 1). Examining sero-
ity to ST-Ag, the association grew even stronger, with

of MCC cases seroreactive compared with only 0.9% of
l s

match

le erkel ce a associ

igen Serostatus Contro

Py − 52
+

Py − 52
+

S − 52

T-Ag, 6,134; women: MCST-Ag, 818; MCLT-Ag, 2,110; BKST-Ag, 3,02

acrjournals.org
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determine assay reproducibility, a randomly selected
of 116 sera (including cases and controls and positive
egative sera) was retested on a separate date in a
d fashion. Seroreactivities were well correlated (R2 =
r ST-Ag; Supplementary Fig. S2). On a second addition-
e, 149 samples with an LT-Ag and/or ST-Ag MFI > 500
etested. Correlation between this retest and the initial
was also excellent (ST-Ag: R2 = 0.83; data not shown).

relationship was observed between seroreactivity to BK
(Fig. 1) and MCC. Furthermore, seroreactivity to BK
as not associated with seroreactivity to MCPyV T-Ag,

ting that there was little cross-reactivity between assays
not shown).
shown in Fig. 1, reactive MCC cases seemed to have
stronger seroreactivity to the MCPyV T-Ags than the
active controls at the screening dilution. Multiple dilu-
ere further tested to confirm this higher antibody titer

se or control subjects with an MFI on screen of 500 or
r. The geometric mean titer (2,900) for antibodies rec-
ng LT-Ag among reactive “initial” MCC cases (n = 56;
I, 1,500–5,800) was more than 10-fold greater than the
tric mean titer of 200 among the reactive matched
ation controls (n = 36; 95% CI, 100–300). Differences
-Ag reactivity were even more pronounced. Indeed,
tric mean titer for ST-Ag was several orders of magni-
reater in MCC cases (2,100; 95% CI, 800–5,500; n = 57)
atched controls (5; 95% CI, 1–30; n = 10).

ization of reactive T antigen epitopes
MCPyV LT-Ag and ST-Ag proteins result from splice
ts of a single transcript. The two oncoproteins share a
on NH2-terminal domain (78 amino acids), followed by
s unique to each protein (Fig. 2A; ref. 24). We observed
r seroreactivity to full-length LT-Ag and ST-Ag in the
l MCC cases (n = 139; R2 = 0.85; Fig. 2B), but not

ed population controls (n = 530; R2 = 0.01; Fig. 2C).
ubjects (P < 0.001; Fig. 1). (LT-Ag and ST-Ag reactivities were also strongly correlated
atus to M nd LT-A
1. Risk of M
 ll carcinom
 ated with serost
Cases

n
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(95% CI)
ls (n = 530)
 (n = 139)
n (%)
 (%)
V ST-Ag
 5 (99.1)
 (63.3)
 eference)

5 (0.9)
 (36.7)
 4.4–164.0)
V LT-Ag
 1 (98.3)
 (77.7)
 eference)

9 (1.7)
 (22.3)
 .8–36.7)
T-Ag
 4 (98.9)
 (99.3)
 eference)

6 (1.1)
 (0.7)
 .1–5.3)
+ 1 0.6 (0

LT-Ag − 519 (97.9) 136 (97.8) 1.0 (reference)
+ 11 (2.1) 3 (2.2) 1.0 (0.3–3.8)

E: One hundred and thirty-nine initial U.S. MCC cases are included along with 530 U.S. population controls matched to these
es in a 4:1 manner by 5-y age and gender. ORs have been adjusted for age at blood draw and gender. Cut points used to
rmine positivity (based on 3 SDs above the mean of controls): men: MCST-Ag, 1,058; MCLT-Ag, 3,280; BKST-Ag, 3,683;
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additional 66 case sera, but these sera were not avail-
t the time of detailed epitope localization analyses.)
we hypothesized that MCC cases recognized a T-Ag
e contained within the shared domain.
ral truncations of large and ST-Ag were used to map
ve antibody epitopes in MCPyV T-Ags (Fig. 2D). The

and ST-Ag. Pattern III is consistent with recognition of an LT-Ag epitope l
hared with ST-Ag.
common pattern for both cases and controls (“I”)
d no reactivity to any T-Ag epitope. Among seroreac-

T-Ag
respo

r Res; 70(21) November 1, 2010

American Association Copyright © 2010 
cancerres.aacrjournaDownloaded from 
bjects, two general patterns, “II” and “III,” were ob-
. Pattern II was consistent with recognition of the
on/shared domain and observed among 36.7% of
ts and 0.9% of controls. In general, reactivity to full-
LT-Ag was reduced in this assay, likely due to lower
ts of LT-Ag on the beads compared with the shorter

between amino acids 78 and 176, in a region of LT-Ag that
2. Localization of T antigen regions containing immunoreactive antibody epitopes. A, LT-Ag and ST-Ag proteins share a common domain,
cids 1 to 78, followed by portions unique to each protein. Amino acids indicated in the figure reflect end points of various truncations tested.
, correlation between LT-Ag and ST-Ag seroreactivity among the 139 initial MCC cases and 530 matched population controls. Note that

ontrols overlap in the region of no reactivity to either antigen. D, using the indicated T-Ag truncations, three major patterns of reactivity were
d. Pattern I is consistent with no reactivity. Pattern II is consistent with recognition of an epitope within the first 78 amino acids shared between
products (data not shown). Sera with pattern III
nses recognized epitopes unique to LT-Ag (between

Cancer Research

  for Cancer Research
 on May 9, 2011ls.org

http://cancerres.aacrjournals.org/
http://www.aacr.org/


LT-Ag
were s
(0.7%)
ogniti
tumor
and m
accord
were p

MCC
likely
Cyt

has be
CK20−

data w
group
ST-Ag
seropo
nifican
Nex

MCPy
bodies
the in
acteriz
five-c
corres
rately/
(n = 3
tion, a
antibo

serolo
the vir
with D
low, a
tumor
positi
results
done
detect
(0%).
positiv
exact
Sim

protei
fixed,
and M
tumor
LT-Ag
and 9
(P = 0
exact

Anti-T
tumo
To

reactiv
at mu
at whi

Figure
MCPyV
lesion a
A, sero
express
marker
associa
B and C
positive
rate of
VP1 (no
than ca
cannot
lesion.
three b
MCPyV
tumor r
(Materia
E, MCP
express
the pat
signific
seropo
and T-A

Antibodies to MCPyV T Antigens Reflect MCC Tumor Burden

www.a

Published OnlineFirst October 19, 2010; DOI:10.1158/0008-5472.CAN-10-2128
amino acids 78 and 176 or between 176 and 302) and
een among 1.7% of controls and in a single MCC case
. Interestingly, the MCC patient with this LT-only rec-
on pattern had no detectable MCPyV DNA in their
lesion, suggesting that this pattern may be nonspecific
ay represent cross-reactivity to another protein. In
ance with these results, the remaining experiments
erformed using full-length ST-Ag as the target T-Ag.

cases with MCPyV-positive tumor lesions more
to be seropositive
okeratin-20 (CK20) is a canonical marker for MCC and
en reported to be associated with virus status, with
tumors unlikely to have detectable virus (7). CK20
ere available for 123 MCC cases from the initial case
. None of the 6 (0%) CK20− cases had antibodies to
, whereas 45 of 117 (38%) of the CK20+ cases were
sitive. However, this trend did not reach statistical sig-
ce (P = 0.08; Fig. 3A).
t, we investigated whether patients with detectable
V DNA in their tumors were more likely to have anti-
recognizing MCPyV antigens. For 37 MCC cases in

itial case group, MCPyV DNA copy number was char-
ed by qPCR (22) as absent, low/borderline (more than
ycle difference between MCPyV and control gene;
ponding to 1 copy per 16 cells or fewer), or mode-
strongly positive based on MCPyV DNA copy number
7). Consistent with the findings in the general popula-

significant fraction of virus-negat
dies recognizing the VP1 capsid

g.

acrjournals.org
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gy for the MCPyV T-Ag much more closely reflected
us status of the tumor. Indeed, none of the eight cases
NA-negative (0%), 3 of 12 (25%) of cases with DNA-
nd 10 of 17 (59%) cases with DNA strong positive
s were ST-Ag seropositive (P = 0.01, comparing strong
ves with absent; Fisher's exact test; Fig. 3C). Similar
were observed among 33 European MCC cases [qPCR
by different method (4)]. Among five cases with no
able MCPyV DNA, there were no ST-Ag–reactive sera
In contrast, 19 of 28 cases (68%) with MCPyV DNA-
e tumors were seroreactive to ST-Ag (P < 0.01, Fisher's
test; data not shown).
ilar analyses were performed based on MCPyV T-Ag
n expression (n = 29 cases with available formalin-
paraffin-embedded tumor for study; see Materials
ethods for details). Using immunohistochemistry of
lesions (antibody directed at LT-Ag), 0 of 7 (0%) MCPyV
protein nonexpressers, 2 of 8 (25%) weak expressers,
of 14 (64%) strong expressers were ST-Ag seropositive
.01, comparing strong positives with absent, Fisher's
test; Fig. 3E).

antigen IgG antibody levels reflect MCC
r burden
better quantitate the degree of seropositivity among
e cases and controls, we retested reactive specimens
ltiple dilutions to determine antibody titer (the dilution
ch a serum goes from reactive to nonreactive; Fig. 4A).
ive cases (n = 8) had
(Fig. 3B). However,

Titers closely correlated with screening MFI values at the
1:100 dilution (R2 = 0.79; Fig. 4B).
3. Relationship between
detection in tumor
nd patient serostatus.
reactivity based on
ion of CK20, a canonical
of MCC that is positively
ted with virus presence.
, strongly virus DNA-
tumors have a higher

seropositivity to MCPyV
t significant) and T-Ag
ses in which MCPyV DNA
be detected in the tumor
Cases were sorted into
ins based on amount of
DNA detected in the
elative to a control gene
ls and Methods). D and
yV LT-Ag protein
ion (CM2B4 antibody) in
ient's MCC tumor was
antly associated with
sitivity for both VP1
Cancer Res; 70(21) November 1, 2010 8393
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restingly, seroreactive patients presenting with ad-
disease (regional or metastatic, n = 12) had signifi-
higher anti–T antigen antibody titers at the time of
tation (within 90 days; geometric mean titer, 53,000;
I, 5,100–553,000) than those presenting with local-only
e (n = 10; geometric mean, 1,000; 95% CI, 300–3,800).
these cases are further broken down by extent of
e, a trend toward increased titer at presentation with
sed burden of disease was apparent (Fig. 4C).
thermore, the titer of T-Ag antibodies among patients
near the time of presentation (within 90 days; n = 23;
tric mean, 8,150; 95% CI, 1,810–36,700) was an order of
tude greater than that of patients who were >2 years
being rendered disease-free with no recurrences
; geometric mean, 330; 95% CI, 120–920; Fig. 4D). In
st, titers to VP1 were similar among recently diag-
and long-term tumor-free cases, and a similar fraction
P1 seroreactive (87% versus 100%, respectively). These
ations led us to wonder whether IgG antibodies to the
ncoproteins were related to MCC tumor burden and
er they change with changing tumor burden.

re were 20 MCC cases that were informative on this at the

C, ST-Ag titer within 90 d of diagnosis compared with extent of MCC at presen
nosis with those who were >2 y after diagnosis, with no recurrence.
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vailable from two or more dates and (b) the T-Ag titer
100 for at least one of the blood draws. All 43 blood
available from these 20 cases are depicted in Fig. 5.
ong 10 patients whose disease did not progress in the
-up period (all were rendered disease-free before the
d draw), VP1 titer remained stable and did not signifi-
differ between draws (Fig. 5A, left). In contrast, we
ed a rapid drop in T-Ag titer in 8 of these 10 patients,
as the titer in the remaining two patients remained low
A, right). Indeed, among these 10 patients whose dis-
id not progress, the geometric mean T antigen titer
,290 at the initial draw (95% CI, 300–5,520) and dimin-
by 8-fold to 160 (95% CI, 110–240) by the time of the
-up draw (98–469 days later, median of 308 days). The
n rate of change in T-Ag titer was −10% per month
, −24% to +3%) compared with 1.5% for VP1 (range,
o +32%).
ortantly, anti–T-Ag titer not only reflected decreases
ase burden, but also increased in cases with recurrent
e (Fig. 5B). In all six draws from patients whose disease
nown to have progressed, there were increased titers

time of progression. Furthermore, in three of six cases
ecause they met the following criteria: (a) blood draws with a blood draw that occurred several months before

4. Quantitative titration of antibodies recognizing MCPyV T-Ag. A, determination of titer by serial dilutions. A pool of sample sera selected from
T antigen seropositives is shown. The threshold of positive versus negative was set at an MFI of 1,000 (dotted line). B, ST-Ag titers, determined
e to three additional dilutions, compared with the initial screening ST-Ag MFI of the specimen. All 58 sera with a titer in quantitative range are
tation. D, ST-Ag titers comparing MCC patients within 90 d
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l recognition of MCC relapse (denoted in the figure by
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iable MCC recurrence by 1 to 6 months.

ssion

PyV is a recently described polyomavirus (2) and
V T antigen oncoproteins are persistently expressed
C tumors (7–9). These oncoproteins are capable of
g a humoral immune response and are more prevalent
higher titer in MCC cases than controls. Furthermore,
is a strong association between T-Ag antibodies and
detection in the MCC tumor. Finally, antibodies to
V T-Ag oncoprotein (but not MCPyV capsid) vary
y over time in MCC patients and reflect the burden
ase.
strong association between antibodies to MCPyV

and MCC is similar to prior VP1 studies in this cancer
ir support of a link between MCPyV and MCC and the

that th
out M
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pt that MCC patients have long-term, high-level, and/
ent exposure to MCPyV antigens (11–13). Furthermore,
nlike anti-VP1 antibodies, T-Ag antibodies were only
detected among controls. This means that T-Ag anti-
are more specifically associated with MCC than anti-
to the capsid protein.
restingly, and in contrast to controls, MCC cases almost
ively recognize a T-Ag epitope located in the common
in shared between MCPyV LT-Ag and ST-Ag, whereas
re seropositive population controls usually recognized
es unique to LT-Ag. We hypothesize that large T
ve controls may represent cross-reactions to a differ-
otein.
C patients with detectable MCPyV in their tumor by
r immunohistochemistry were more likely to have
P1 and anti–T-Ag antibodies than those without
able MCPyV. Interestingly, no case with a MCPyV-
ve tumor seroreacted to MCPyV T-Ag. This suggests
5. Titers of IgG to MCPyV
ut not VP1, dynamically
MCC disease burden. All
re shown that had available
status information and an

titer (performed if ST-Ag
00). There were 20 cases
-Ag titer of >100 for at least
w and for whom multiple
ere available. Each line
nts one case. Note the
mic scale. A, patients
MCC recurrence (these
s represented in both the
d T-Ag graphs). These
did not progress in

e between draws or
uently develop MCC
nce after the second blood
vailable follow-up range,
). B, patients with
sion. Importantly, for three
wu1432, wu4001, and
ndicated by double
s), a rise in titer preceded
ical detection of metastasis
6 mo. Disease status
of draw is indicated on
ph. NED, no evidence of
; MET, metastasis/
ere might be a population of MCC that develop with-
CPyV involvement.
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ortantly, we observed rapid changes in T-Ag titer
acillated with disease burden. Indeed, titer often varied
ld in a 1-year period. Importantly, titers were highest
patients were sickest, suggesting that antibodies to
re not protective against disease progression. Similar
observations, in some other cancers, antibodies recog-
human cancer antigens (such as p53) or papilloma-
roteins have been reported to be volatile and change
ancer burden (25, 26).
rapid turnover of IgG antibodies recognizing T-Ag in
atient sera suggests instability within the B-cell popu-
. Chemotherapy was not the cause of observed IgG
ses, as no patients in Fig. 5 had ever received chemo-
y. Instead, variation in titer is likely due to changes in
n burden reducing or increasing stimulation of effector
phocytes. It is also possible that the memory B-cell
se is not generated properly, perhaps due to ineffective
g within the tumor microenvironment.
possible that tracking the antibody titer to the viral
olds promise as an MCC disease marker. Computed
raphy imaging is expensive and has rather poor sensi-
and specificity for MCC (27). In three cases, a rise in
gic ST-Ag titer preceded clinical detection of MCC
tasis by 1 to 6 months. For patients with a positive
e MCPyV T-Ag titer, it may be appropriate to follow
titer at subsequent clinic visits to better inform clin-
of possible occult recurrence.
study has several limitations. The first is that serial
draws were only available for 20 seropositive cases.
cond is that it is currently impossible to know which
“NED” patients may have slowly growing, clinically

MCC. A third limitation is that given the very small
er of control subjects with antibodies to ST-Ag (5 of
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ur estimate of the hazard ratio associated with sero-
ity to ST-Ag is imprecise.
pite these limitations, this study represents a signifi-
dvance in our understanding of the humoral immune
se to MCPyV and MCC. In summary, there are striking
nces between MCC cases and matched population
ols in anti-MCPyV T-Ag antibody prevalence, titer,
ecificity. Further study of anti-MCPyV T-Ag antibodies
enlarged population of MCC patients is indicated to
ine their potential for clinical utility in assessing

e status of this cancer.
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