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Abstract Evidence of an association between classical
Hodgkin lymphoma and the measles virus has previously
been presented by our group. Arguments held against our
thesis were reevaluated. Substantiation of a relationship be-
tween the measles virus and additional solid tumors was sub-
mitted. Moreover, a pathogenic pathway was suggested to
support a possible contribution of the measles virus to the
development of classical Hodgkin lymphoma. We have cho-
sen to exclude a discussion of measles virotherapy, since this
carries distinct implications. We now add new evidence re-
garding the expression of the measles virus phosphoprotein
in a few cancers. We also suggest a role in this context for
atypical measles syndrome in malignant tumors. Last, we pro-
pose a collaboration which may make the best, on the one
hand of our cohort of classical Hodgkin lymphoma, half of
which carry the measles virus expression in their tumor cells.
The planned study will also look into the patients vaccination
records and into a previous history of the measles disease. On
the other hand, cohorts of patients diagnosed with late onset
measles will be assessed for the eventual diagnosis of atypical
measles syndrome and will be followed up for the subsequent
development of a malignant tumor.
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Introduction

In the years 2003—4, we published evidence for a relationship
between classical Hodgkin lymphoma (cHL) and the expres-
sion of measles virus (MV) proteins and with that of MV-
RNA by reverse transcriptase-polymerase chain reaction and
in situ hybridization in lymph node tissues [1]. By then, we
had no proof of a causal link between the tumor and the virus.

Three years later, our view on the association between cHL
and MV was rejected by two European laboratories [2, 3]. As
their methodology and more notably the high selection level
and/or the confirmation of a previous exposure to measles
used by these scientists differed from ours, we realized that
the issue has not been completely clarified. At that point, we
looked for analogous relations to those found between cHL
and MV in various solid tumors [4—6].

While recapitulating the relation of cHL and MV, we
explored apoptosis regulation as a possible mechanism of
action for MV in cHL, perhaps a suggestion of a causality
association [7].

We have recently inquired into the thesis, suggested by the
detractors of our findings, concerning a possible cross-
reactivity between the anti-MV antibodies that we had used
and an unknown human antigen. A thorough homology
search of the measles genome as it relates with the human
genome, by two independent observers, did not sustain the
theory of cross-reactivity [8, 9].

We hereby include new data related to the association be-
tween MV and tumors. A multicenter research program which
may add some light onto this issue is suggested.
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Original Findings

Considering the link between microbes and cancer in other
animals, one is surprised to observe that less than 20 % of
human cancers are thought to arise by mechanisms which
involve also viruses, bacteria or parasites [10, 11].

The organisms may generate a chronic-type inflamma-
tion [9, 12]. In some cases with persistent chronic inflam-
mation, the immune response loses its balance, promoting
tumorigenesis [12].

Classical Hodgkin lymphoma (cHL) is a malignant tumor
of the immune system. Although it is not frequent, it reaches
one of the highest incidence in adults between the ages of 16
and 34. Excellent responses to treatment are obtained with this
cancer {80-85 % of patients are cured - [13]}.

An association between cHL and Epstein—Barr virus
(EBV) was described several decades ago [1, 13—15]. This
link varies from 17 to 30 % in some industrialized countries
and up to 100 % in a number of developing countries.
Epstein—Barr virus expression varies with gender and also
with cHL histological subtype [16, 17].

The pathogenesis of EBV-related cHL evolves around the
nuclear factor-kB (NF-kB) activation. However, the alterna-
tive and not the canonical pathway seems mainly concerned
[18-21].

The largest age-incidence curve related with EBV expres-
sion categorizes young adults, with a high proportion of fe-
males patients, mostly EBV-negative nodular sclerosis HL. A
smaller graph hides within the larger curve and includes
young adult males with EBV+ and with previous infectious
mononucleosis [22].

Thus EBV+ cases in developed countries may account
for less than a quarter of cHL, being especially infrequent
in young adult patients. The EBV-negative cHL patients
comprise mainly women, who are those most expected,
according to elaborate epidemiological studies, to be re-
lated to the late host response model of common infec-
tious agents [23-27].

Recent findings, based on a genome-wide association
study of cHL and EBV status-defined subgroups, support an
etiologically high significance of the EBV status for the clas-
sification of cHL. It seems that some aspects of cHL may
nevertheless be common to both EBV-positive and EBV-
negative patients [28].

In 2002, we raised the possible candidacy of the measles
virus (MV) for an association with cHL, mainly in a young
adult subset of patients. This link was proposed on the basis of
the following traits of the MV: measles virus is lymphotropic;
acute measles infection is followed as a rule by a transient
cellular immune deficiency, in spite of a life-long protective
immunity; polykaryons are evident in the infected tissues;
since 1963, following anti-MV vaccination, measles infection
has occurred more often after age 5 [29, 30].
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We therefore proposed MV as a possible biologic agent
related with cHL, at least in young adult patients.

In the study, published in 2004, we analyzed 154 biopsies
from untreated cHL patients [1]. Eighty two of the 154 biop-
sies (54 %) were positive for the expression of two MV anti-
gens or more. As demonstrated by the Southern blot, 4 of 15
hemagglutinin MV-RNAs and 2 of 16 nucleoprotein MV-
RNAs were positive. By ISH, 2 of 7 hemagglutinin MV-
RNAs and 8 of 21 nucleoprotein MV-RNAs were positive [1].

We found a predominant relationship between M V-positive
expression and female patients (p = .036), and also with nod-
ular sclerosis in contrast with mixed cellularity cHL subtype
(p =.0013). CD15 expression was associated with a negative
MYV expression [1].

A multivariable logistic regression model of prognostic
factors with dying of cHL in 89 patients, confirmed that a high
tumor stage was an independent prognostic factor. It also
showed that MV+/EBV- was a negative independent prognos-
tic factor, OR = 10.05 (95 % CI - .98-103.7, p = .05) and that
MV—-/EBV- was also a negative independent prognostic fac-
tor, OR = 15.2 (95 % CI - 1.05-220.3; p = .04) [1].

This association found between the presence of MV in cHL
sustained epidemiological findings on the incidence of brain
and spinal cord tumors as well as of cHL following exposure
to MV around the time of birth [31, 32]. Our findings were
also compatible with reports on random HL regression after
measles infection or vaccination [33-36]. In addition, child-
hood infections, had been suggested to protect from the oc-
currence of cHL [37].

In spite of finding more female patients, more nodular scle-
rosis subtype, and more patients with early stages in cases of
MV+ cHL, it surprisingly seems that these patients had a
worse prognosis. At this time, our descriptive findings did
not allow us to establish causality in the relationship between
MYV and cHL.

Our limitations of the described work are as follows: in
142 patients of our cohort we could not identify a history
of previous measles. Moreover, we did not try, by then, to
determine the vaccination status of the patients. The dis-
crepancy between the immunohistochemical and RNA
molecular data has been referred in our opinion to the
deterioration of the RNA, following many years of deep
freezing of the tissues.

Dr. Maggio et al Reservations

In an attempt to confirm or refute our findings, Maggio et al.
picked 18 of 44 of their cHL fresh frozen tissues chosen for
their very high RNA quality and for their superb Hodgkin-
Reed-Sternberg morphology [2]. They used UV-laser beam
single cell microdissection. RT-PCR was performed with
primers from three MV genes. The 18 German cases did
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not show the existence of any of the three viral tran-
scripts. The GAPDH housekeeper gene demonstrated a
high content of RNA [2].

Dr. Wilson et al Refutation

Epidemiologically, the paper by Wilson et al. [3] points out at
a group of cHL patients, a large proportion of whom revealed
previous acute measles infection, mainly in childhood. The
immunohistochemical study rested on a single monoclonal
antibody to NP-MV, clone 49-21, from Immunological
Direct, Oxford, UK. By this method, all their cases were
negative for measles. Regarding the RT-PCR, GAPDH
was used as the housekeeping gene. Again, none of their
20 cases studied were positive for MV, both by RT-PCR
and by qRT-PCR (3).

The Israeli Response

We mailed 22 of our fresh-frozen cHL tissues to Germany,
chosen for their positive immunostaining for MV antigens, as
requested. However, only 7 were singled out, according to the
Maggio et al. stringent criteria mentioned above. The seven
cases were found by Maggio et al. to be negative for the
various MV transcripts studied [2].

Before renouncing our investigation of MV in cHL, we
critically censured the various results. We however admit to
our willingness to participate in the publication by Maggio
et al. [2].

Our Reservations Regarding the German
Experiment

We believe that Maggio et al. were extremely selective in
choosing the cases to be included in their study. Besides, it
is our experience that cHL tissues show a low abundance of
MV-RNA, mainly due to their high content of ribonucleases in
eosinophil-rich cHL cases and perhaps to a long shelf time of
the deep frozen tissues [13]. As a consequence, GAPDH
which demonstrates as a rule abundant RNA in tissues exam-
ined is probably an insufficient housekeeping gene for this
particular experiment [38, 39]. Moreover our 7 cases contrib-
uted to the German experiment were all mixed cellularity cHL
and most were EBV+ cases. Of these we had studied 5 cases
for MV-RNA, 2 of which were faint and three were negative.
In addition, one should be reserved when comparing Israel to
Germany regarding measles. In Israel, the population has been
subject to frequent outbursts of measles and it has shown a
steady increase in the incidence of young adult cHL [40-42].

Finally, the measles virus phosphoprotein has been de-
scribed as an inhibitor of the ubiquitination and stabilization
of hPIRH2, an ubiquitin E3 ligase, one of the regulators of the
p53 pathway [43]. This finding may be relevant to a putative
role for MV in carcinogenesis.

Reservations on Dr. Wilson et al Criticism

A large part of Wilson et al. patients had suffered from mea-
sles disease in childhood. This distribution selected a priori is
in contradiction with the research of a possible role of MV in
the late host response model [37].

We used the same antibody, clone 49-21, presently distrib-
uted by Argene-Biosoft, Varlhes, France (# 11-045) and
found that 37 of 72 of our cases were positive (data not
shown). As noted previously, the choice of the housekeeping
gene should be adapted to the experiment [38, 39].

Measles Virus Association with other Cancers

We studied 49 endometrial carcinomas (EC). Twenty of the 36
patients (72 %) expressed MV antigens in the tumor cells,
mainly of EC type I. Sixteen of 21 were positive for MV-
RNA by in situ hybridization. When EC type II was related
with MV expression, we noted a deeper myometrial invasion
and a higher mortality [4].

Lung cancer cells have been found to over-express PIRH2,
the ubiquitin E3 ligase, which may inactivate p53 [43]. We
described 65 non-small cell lung cancers, fifty four of which
were associated with MV antigens. This positive expression is
related with older patient age, high PIRH2 expression as well
as with improved survival [5]. The expression of MV proteins
may signify inhibition of ubiquitination of PIRH2, as men-
tioned above [43-45].

We also studied 131 cases of invasive ductal carcinoma.
Sixty-four percent of these were positive for MV antigens by
immunostaining. MV antigens expression was linked with ER
(p = .018); with Ki-67 < 40 % (p = .029); with low or inter-
mediate grade (p = .037); with age < 50 (p = .039) and with
p53 overexpression (p = .049) [6].

Measles Virus-Negative Cancers

The 25 non-Hodgkin lymphomas examined by immunohisto-
chemistry in the 2004 study [1] were negative for MV anti-
gens. However, ALK 1-positive anaplastic large cell lympho-
mas usually expressed the MV antigens. Seminomas revealed
a high background of staining, but no clear positivity for MV
antigens. Glioblastomas and mesotheliomas did not express
MYV antigens (Ariad S., personal communication).
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Table 1 Expression of the
measles virus phosphoprotein in

lung cancer, by western blot.
Comparison with the adjacent
normal lung tissue

Lung cancer Positive (%) Negative(%) Normal lung (positive %)
Adenocarcinoma 11 (84.6) 2(154) 12 (83.3)

Squamous cell carcinoma 3 (100) 0 1 (100)

Large cell carcinoma 1 (100) 0 0

Adenocarcinoma in situ 1 (100) 0 0

Does the Measles Virus Play a Role in Cancer?

While reviewing the role of apoptosis in Hodgkin-Reed-
Sternberg (HRS) cells of cHL, we found, in spite of contra-
dictory evidence, that HRS cells demonstrated inhibition of
apoptosis in 55 % of the 217 studied cases only [7]. Besides,
in contrast with the consensus view, it is suggested that NF-kB
(p-65) activation and EBV/LMP1 expression do not correlate
with apoptosis arrest in our patients. As expected, we noted a
negative correlation of p53 with a high apoptotic index
(p =.001) [7].

Viruses are recognized for their tendency to regulate the
host cell apoptotic mechanisms. We suggest that the modula-
tion of apoptosis may be one way in which the MV operates in
cHL, perhaps supported by the conservation and stabilization
of PIRH2 [7, 43-45].

As we found support in the refutation of the thesis of a
cross-reactivity regarding our antibodies, we engaged in new
experiments [8, 9]. We carried out a Western blot with frozen
tissues from 18 cases of non-small cell lung cancer and with a
sample of lung tissue remote from the tumor, using anti-P-MV
antibody (9H4): sc-101,356, Santa Cruz Biotechnology, INC,
Europe. Table 1 describes positive P-MV expression in the
majority of lung cancers examined. It is of note that the non-
neoplastic lung tissue associated with the above tumors
expressed P-MV as well, except in two cases, in which the
normal lung expressed the P-MV antigen, while the tumor did
not. Expression of the measles virus antigen remote from the
tumor may signify that the lung carrying a putative persistent
measles infection may expose the patient to the development
of malignancy.

We further used the same anti-P-MV antibody on a tissue
microarray carrying 80 samples, 20 each from 4 types of

epithelial cancers. Table 2 shows in the bulk of tumors, pre-
dominant staining of the nuclei, whereas the cytoplasm
stained often weak or negative. Shuttling of measles virus
proteins between the infected cell nucleus and its cytoplasm
has previously been described [46].

New Aspects of the Research

Atypical measles syndrome (AMS) is a condition which is not
only diagnosed infrequently and often missed, but of which
many physicians are totally unaware.

This syndrome is related with the inactivated anti-MV
vaccines in formalin with the Edmonston B strain of MV.
In one of its forms, the FIMV (formalin inactivated mea-
sles vaccine), it was given in three separate doses, from
1963 to 1967. Following this form of the vaccine, mod-
erate levels of inhibiting antibodies only emerged, but low
levels of complement-fixing antibodies developed. The
protection acquired lasted a few months only, while the
patients were at risk of showing symptoms and signs of a
more severe disease first named atypical measles [47].
Reproduced in macaques, this form of the disecase was
considered by the scientists [48] to follow a primary in-
fection which raised a non-protective type II CD4 T-cell
response but not from the absence of a functional anti-
body against the fusion protein. Subsequent to a second-
ary exposure to a wild-type MV, an anamnestic (recall-
related) production of a low-avidity antibody may be the
cause of immune complexes deposition [49].

The atypical measles syndrome includes a very high
temperature, skin lesions [50], pneumonitis which may
be long standing [51], abdominal pain, transient hepatitis

Table 2 Expression of the

measles virus phosphoprotein in Organ Nucleus pos (%) Cytoplasm pos (%) Stroma pos (%) Inflammation (%)
epithelial cancers originating in
four different organs, by tissue Lung 10 (52.6) 2111 0 1(5.56)
microarray Colon 13 (68.4) 7 (36.8) 4(23.5) 2 (11.8)

Stomach 14 (73.7) 4(21) 0 2 (10.5)

Breast 15 (75) 10 (50) 2(10) 0

Lung cancers - adenocarcinoma; squamous cell carcinoma

Colon cancers - adenocarcinoma; tubular (+/— papillary)

Stomach cancers - adenocarcinoma; signet ring cell carcinoma; mucinous

Breast cancers - invasive; papillary; scirrhous; non-invasive papillary; lobular
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[52], headache, pleural effusions and eosinophilia. These
signs and symptoms are usually absent in classical mea-
sles, and may occur as long as 16 years after the FIMV
vaccination [47]. Atypical measles syndrome is still de-
scribed today, although officially the FIMV vaccine has
been banned since 1967 [53].

Atypical subacute sclerosing panencephalitis (SSPE), a
neurodegenerative disease related with MV, is not includ-
ed in AMS. However, it differs from the classical form of
SSPE by occurring in adults, by having a very short la-
tency or showing atypical clinical or biologic features
[54-56]. 1t is of note, that SSPE, is the only form of the
measles complex in which a proven persistent MV infec-
tion has been determined.

As the diagnosis of AMS is often made at an age older
than the typical age for measles, we propose that it may
represent a form of the late host response model to a
common infectious agent. Since many practitioners ignore
the occurrence of AMS [50, 53], even though it is still
prevalent to this day [53], we may contribute to its rec-
ognition. The range and type of vaccination these patients
previously received should be determined. In addition,
some measles patients, described in 1987 [57] and in
2007 [58], present several features consistent with AMS.
We also propose to follow the patients with confirmed
AMS to identify an eventual malignancy, and which
childhood infections the patients have developed.

We suggest to set up a research collaboration which would
investigate the epidemiologic aspects of the query that we
have initiated [ 1] and which remains an open end. We encour-
age scientists to use for that purpose our cohort of cHL pa-
tients, about half of whom carry MV proteins in their tumor
cells. We incite the investigation of cohorts from Israeli stud-
ies, in which the patients may have suffered from AMS [57,
58] and who may develop sometimes in the future a MV-
related malignancy.

Providing our thesis is sustained and a successful
global effort to eradicate measles is accounted for [59],
it may take as much as 20 to 25 years to witness a
significant lessening of the incidence of cHL and other
MV-related malignant tumors. While, if AMS plays a
significant role in these cancers, and since it is primarily
related with a formalin inactivated anti-MV vaccination
mode, the eradication of this subset of malignancies may
occur earlier.
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