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Abstract 

An association between the measles virus and classical Hodgkin lymphoma has previously been 
suggested by us. This has been refuted by two European groups. A reevaluation of the arguments 
held against our thesis was carried out and further evidence for a relationship between the measles 
virus and additional solid tumors has been presented. We have suggested a molecular mechanism 
to support a possible contribution of the virus to carcinogenesis in classical Hodgkin lymphoma. 
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Introduction 
In 2004, we presented evidence for an association 

between classical Hodgkin lymphoma (cHL) and the 
expression of measles virus (MV) antigens with the 
presence of MV-RNA by reverse transcrip-
tase-polymerase chain reaction and in situ hybridiza-
tion in tumor tissues (1). At that time, we had no proof 
of a causal relationship between the cancer and the 
virus. 

Three years later, our view on the association 
between cHL and MV was disputed by two European 
groups (2, 3). However, since their methodology and 
more specifically the high level of selection used by 
these researchers were different from ours, we be-
lieved that we had a mandate to explore further the 
issue. We therefore searched for a similar association 
to that described between cHL and MV in various 
solid cancers (4-6). 

Turning back to cHL and MV, we investigated 
apoptosis modulation as a possible mechanism of 
action for MV in cancers, perhaps approaching a hint 
for causality (7). 

Original Substantiation 
Considering the linkage between microbes and 

cancer in other animals, one is surprised to observe 
that only about 20% of human cancers are thought to 
arise by mechanisms which involve viruses, bacteria 
and parasites (8). Evidence for involvement of these 
organisms in cancer comes partly from their detection 
in biopsies and partly from animal and epidemiolog-
ical investigations (1, 9). The biologic agent is usually 
responsible for only a limited number of steps in the 
initiation or the progression of the malignancy (10, 
11). Often, the precise role of cancer-associated bio-
logic agents is hard to decipher, due to the long delay 
from initial infection and to further compounding 
effects. Viruses as well as other organisms probably 
act therefore in conjunction with additional carcino-
genic factors (10). 

Biological organisms may generate a chron-
ic-type inflammation (9, 12), but the latter may also be 
due to other causes. In some cases of unresolved 
chronic inflammation, the immune response becomes 
maladaptive, promoting tumorigenesis (12). Moreo-
ver, a regenerative process supported by several bio-
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active mediators promotes cell survival, tissue re-
modeling and angiogenesis. The mediators also cause 
genomic stress and mutations (12). Hence an associa-
tion of chronic inflammation with cancer is being es-
tablished. 

Classical Hodgkin lymphoma has been our re-
search topic of predilection for several years, in spite 
of the fact that so much appears to be known about it. 
This is a cancer of lymph nodes and more precisely of 
the immune system. Although infrequent, it is one of 
the most frequent cancers of young adults (15-34 
years). Often, the tumor cells in cHL represent a small 
minority among the cellular population in the tumor 
mass. Unrelated to the latter, very good responses to 
treatment are obtained (80% of patients and more are 
cured) (13). 

An association between cHL and Epstein-Barr 
virus (EBV) was described several decades ago (1, 13, 
14-16). This link varies from 17% in some industrial-
ized countries to near 100% in a few developing 
countries. This virus expression varies with gender, 
more likely to be positive in male patients. Ep-
stein-Barr virus expression varies also with cHL his-
tological subtype: mixed cellularity – 32-96% and 
nodular sclerosis – 10-50% (17, 18). 

The pathogenesis of EBV-related cHL evolves 
around nuclear factor-κB (NF-κB) activation which 
may induce cell proliferation, inflammation and 
apoptosis arrest. In addition, the EBV/LMP1 protein 
has a BCL-2-like effect and causes apoptosis resistance 
(19, 20). 

In the association of cHL with EBV, combining 
the three (21) with the four cHL models (16), we ob-
tain four EBV status-related age curves. The first in-
cludes children, mostly EBV+ males with mixed cel-
lularity HL. The largest curve categorizes young 
adults, with a high proportion of females, mostly 
EBV-negative and nodular sclerosis HL. Within this 
curve is a much smaller one representing young adult 
males EBV+, who have overcome infectious mononu-
cleosis. The last curve features older adults, mainly 
with EBV+ disease and mixed cellularity cHL. 

Thus EBV+ cases in industrialized countries may 
account for a small part only of cHL. Young adult 
patients, mainly women, who are those most ex-
pected, according to well documented epidemiologi-
cal studies, to be related with late exposure to a 
common infectious agent, have the lowest association 
with EBV (16, 22-26). 

None of the additional viruses considered so far 
as possible candidates have been found in a consistent 
manner in cHL tissues (cited in 1). 

In 2002, one of the present authors (AS) sug-
gested the possible candidacy of the measles virus in 
its association with cHL, mainly in the young adult 

subset. This link was proposed on the basis of the 
following traits of the MV. Measles virus is lympho-
tropic, showing also tropism for the oropharyngeal 
epithelium. The acute measles infection is followed as 
a rule by a transient cellular immune deficiency, in 
spite of a lifelong protective immunity. Polykaryons 
may be evident in the infected tissues (27). Since 1963, 
following anti-MV vaccination, measles infection has 
occurred more often after age 5 (28, 29). 

We have therefore proposed MV as a possible 
biologic agent associated with cHL, at least in young 
adult patients. 

In our study, published in 2004, we described 
154 biopsies from untreated cHL patients. We used 
immunohistochemistry with the avidin-biotin perox-
idase complex method. We performed in addition, 
RT-PCR on total RNA obtained from frozen or for-
malin-fixed, paraffin-embedded cHL tissues. The 
products of nested PCR were used for a Southern blot. 
Last, in situ hybridization was carried out according to 
Ogata et al (cited in 1). 

Eighty two of the 154 biopsies (54%) were posi-
tive for two MV antigens 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 characterized clinical and biological features 
of cHL as they compare with positive and negative 
MV expression. We found a preferential association of 
MV-positivity with female gender (p=.036), with 
nodular sclerosis as opposed with mixed cellularity 
cHL subtypes (p=.0013). CD15 expression was asso-
ciated with a negative MV expression (1). 

As MV expression did not exclude that of EBV, 
we looked for clinical correlations with MV+/EBV- 
and with MV-/EBV+. We found an association be-
tween MV+/EBV- and nodular sclerosis (p=.00008), 
with early stages (p=.023) and with an apoptotic index 
of lower than median (p=.024) (1). 

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

The conclusion of this part of the research was 
that we had found an association between the pres-
ence of MV and cHL. This supported epidemiological 
evidence on the incidence of brain and spinal cord 
tumors as well as of cHL following exposure to MV 
around the time of birth (30, 31). Our findings were 
also consistent with reports on sporadic HL regres-
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sion after measles infection or vaccination (32-35). In 
addition, childhood infections, notably including 
measles, were shown to protect from the occurrence 
of cHL (36). 

In spite of finding more female patients, more 
nodular sclerosis subtype, and more patients with 
early stages in cases of MV+ cHL, it unexpectedly 
appears that these patients had a worse prognosis. 
The longest survival seemed to be related with the 
positive expression of both MV and EBV in the tumor 
cells. 

At this stage, these descriptive findings allowed 
no determination of causality in the relationship be-
tween MV and cHL. They seemed to elicit no obstacle 
to the use of the vaccination strains of the measles 
virus for prevention. 

The German Connection 
In an attempt to confirm or disprove our data, 

Küppers et al selected 18 of 44 of their own cHL fresh 
frozen tissues for their very high RNA quality and for 
their excellent Hodgkin-Reed-Sternberg morphology 
(2). They used UV-laser beam single cell microdissec-
tion. About 100 cells were pooled for each experiment. 
RNA was extracted and RT-PCR performed on pri-
mers from three MV genes. The 18 German cases did 
not show evidence of any of the 3 viral transcripts. 
The GAPDH housekeeper gene showed high content 
of RNA. In addition, 4 HL-related cell lines were also 
negative for the MV transcripts (2). 

The Israeli Connection 
We sent 22 of our fresh-frozen cHL tissues to 

Germany, chosen for their positive immunohisto-
chemical expression of MV antigens. But only 7 were 
selected, according to the Küppers et al stringent cri-
teria mentioned above. 

The seven cases were found by Küppers et al to 
be negative for the various MV transcripts studied (2). 

Before giving up our research, we critically 
evaluated the different results, acknowledging the 
fact that we had agreed to take part in the publication 
by Küppers et al (2). 

It now appeared that Küppers et al were ex-
tremely selective in choosing the cases to be included 
in their study. In addition, we believe that cHL tissues 
probably show low abundance RNA, mainly due to 
their high content of ribonucleases in eosinophil-rich 
cHL cases (13). As a consequence, GAPDH which 
shows as a rule abundant RNA in tissues examined is 
most certainly an inadequate housekeeping gene for 
this specific experiment (37). Moreover our 7 cases 
sent to Germany 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 - 

negative. In addition, one should be extremely cau-
tious 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 
(38). Finally, the measles virus phosphoprotein has 
been described as an inhibitor of the ubiquitination 
and stabilization of hPIRH2, an ubiquitin E3 ligase, 
one of the regulators of the p53 pathway (39). This 
finding may be relevant to the issue of a putative role 
for MV in carcinogenesis. 

Recent Evidence: Measles Virus Associa-
tion with Other Cancers 
Endometrial carcinoma and the measles virus 

We studied 49 endometrial carcinoma (EC) cas-
es, 36 with known follow-up. Twenty of the 36 pa-
tients (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 allied with MV expression, deeper myometrial 
invasion and a higher mortality were evident (4). 

Lung cancer and measles virus antigens 
expression 

Lung cancer cells have been found to 
over-express PIRH2, an ubiquitin E3 ligase, which 
may inactivate p53 (40). 

We described 65 non-small cell lung cancers. 
Fifty four of the 65 were positive for MV antigens. 
This positive expression is associated with older pa-
tient age, positive PIRH2 expression as well as with 
improved survival (5). The expression of MV proteins 
may signify inhibition of the functions of PIRH2, as 
mentioned above (39). 

Breast cancer and the measles virus 
We studied 131 cases of invasive ductal carci-

noma. Sixty-four percent of these were positive for 
MV antigens by immunohistochemistry. MV antigens 
expression was associated with ER (p=.018); with 
Ki-67 <40% (p=.029); with low or intermediate grade 
(p=.037); with age <50 (p=.039) and with p53 
over-expression (p=.049). 

A multivariate logistic regression showed an 
association between MV expression and grade 
(p=.011); p53 expression (p=.03) and age (p=.041). 

We concluded that we have found evidence of 
MV antigens expression in a large proportion of the 
breast cancers studied. MV expression was associated 
with younger age, lower histologic grade and p53 
over-expression and suggests it may play a role in the 
development of breast cancer (6). 
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Preliminary results on melanoma and measles 
virus 

Using immunohistochemistry, melanoma ex-
pressed nucleoprotein-MV in 46 of 56 cases, but be-
nign nevi expressed this antigen in 23/24. On the 
other hand, melanoma expressed the P- protein of MV 
in 19/55 cases only. 

Are there measles virus-negative cancers? 
The 25 non-Hodgkin lymphomas tested (1) were 

negative for MV antigens. But ALK1-positive ana-
plastic large cell lymphomas were positive. Semi-
nomas showed a high background of staining, but no 
clear positivity for MV antigens. Glioblastomas and 
mesotheliomas did not express MV antigens (Ariad S., 
personal communication). 

Merkel cell tumor, hepatocellular carcinoma, 
malignant mixed mesodermal tumor and desmoids 
tumors are probably negative for these antigens. 

May the Measles Virus Play a Role in 
Carcinogenesis? 

While reviewing the role of apoptosis in Hodg-
kin-Reed-Sternberg (HRS) cells of cHL, in the light of 
conflicting evidence, we found that HRS cells showed 
inhibition of apoptosis in 55% of the 217 studied cases 
only (7). In contrast with the consensus view, it is also 
suggested that NF-κB activation and EBV/LMP1 ex-
pression do not correlate with apoptosis arrest. We 
emphasized a negative correlation of p53 with a high 
apoptotic index (p=.001) (7). 

We analyzed the link between positive MV ex-
pression and apoptosis-related factors and found it 
related with the apoptotic index less than median 
(p=.005); with MDM-2 (p=.028) and with IκB 
(p=.0001). 

Viruses are known for their propensity to mod-
ulate the host cell apoptotic mechanisms. We suggest 
that the modulation of apoptosis may be one modus 
operandi of MV in cHL, perhaps supported by the in-
hibition of PIRH2 functions (7, 39, 41). 

Conclusion 
In the first 9 months of 2011, 26,000 new cases of 

measles were reported by the WHO in Western Eu-
rope, together with 9 deaths and 7,288 hospitaliza-
tions (42). Ninety percent of these cases were adoles-
cents and adults without vaccination or with an in-
adequate one. Comeback of measles to Europe is 
strongly feared.  

We suggest that the above observed rise in mea-
sles, as it may not be recent, be related with the re-
ported increase in incidence in young-adult cHL in 
Connecticut (43), Israel (38) and Quebec (44). The 

measles virus may indeed be the common contagious 
agent considered to evoke a late exposure infection 
and suspected to be a novel cause for cHL. It may also 
contribute to carcinogenesis in other solid tumors. 

Further research is therefore called for to sub-
stantiate the above findings and suggest a therapeutic 
modality based on the proposed association. 
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