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In the present study, using dot-blot and northern blot nucleic acid hybridization
techniques and both synthetic measles virus (MV) oligonucleotide DNA probe and
cloned MV gene cDNAs, the MV-specific RNA corresponding to different MV genes
have been detected in the lymphocytes from patients with Autoimmune Chronic Active
Hepatitis(AICAH). Both genomic and messenger RNA of MV were found in the
extracts of the lymphocytes although the mRNAs were much less in quantity.
Furthermore the MV M gene and NP gene were not found in 5 of 9 and 4 of 9 patients
respecnvely,althoughP, H, and F genes have been detected in those patients.
Finding the portions of the MV genome in the lymphocytes of AICAH patients in
our study supported the hypothesis that the MV persistence may take an important part
in the pathogenesis of AICAH where the liver damage may result from a vigorous but
ineffective immune attack due to the incomplete and restricted MV gene expression.
If AICAH is a rare late complication of measles, the introduction of measles
vaccination may be supposed to protect younger people from AICAH. There also is
the epidemiological evidence on the mean age incidence of patients with AICAH in the
present study by literature review that the onset age of AICAH patients has
significantly increased from juvenile group to elder population after the introduction of
MV vaccination.
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I

INTRODUCTION

Measles virus (MV) pathology has been extensively investigated in the past two
decades because of its ability to cause not only acute measles infection but also chronic
or persistent infection in man,which can lead to various immunological situations.
Persistence of measles virus in some form may be possible mechanism by which
life-long immunity could be conferred on an infected individual. Persistent measles
virus infections also have been suggested as possible aetiological agents in many
chronic degenerative diseases, which are of unknown aetiology, or autoimmune
diseases, since it was revealed that Subacute Sclerosing Panencephalitis (SSPE), a
chronic fatal degenerative neurological disease, is caused by measles virus persistent
infection. Autoimmune Chronic Active Hepatitis (AICAH) is one such disease. In this
study I have investigated the hypothesis that AICAH is associated with persistent MV
infection.
1.

MEASLES VIRUS

1-1. MEASLES VIRUS STRUCTURE AND BIOLOGICAL FEATURES.
Measles virus is an RNA virus from the genus of morbillivirus of the
paramyxoviruses family. It is a pathogen responsible for both acute and chronic
diseases in humans. Measles virus has no animal reservoir. Man is the natural host for
it. Introducing the disease into a community is by means of transmission from human
to human[40]. Acute measles is exanthema and respiratory illness and is normally a
mild, self-limiting disease contracted by children and young adults as a result of
infection by the highly contagious measles virus. Measles virus infection in humans
usually runs an acute self-limiting course as patients mount an immune response which
clears the virus from infected tissues. Convalescence is associated with the maintenance

of low titers of antibodies to measles virus throughout life[20]. A single attack of
measles can thus confer life-long immunity to reinfection, even in the absence of
reexposure to the virus.
Measles virus also has the capacity of producing persistent infections and cause
noncontagious chronic diseases, such as SSPE. These persistent infections are not
associated with shedding of infectious virus. Such persistent virus infections may play
a role in the pathogenesis of various human diseases of "unknown aetiology".
The diameter of measles virion particle is 150-180nm. Its structure is characterized
as the tubular nucleocapsid with helical symmetry which is tightly coiled forming a
round-shaped body surrounded by a layer of protein. Measles virus is an enveloped
particle. The whole nucleocapsid is packed within the external lipoprotein envelope.
Measles virus genome is a single-stranded, negative polarity and linear RNA of -14.6
kilobases long, with a sedimentation coefficient of SOS and a molecular weight of 4.56.4 X 10^6 dalton[42]. This RNA exists as part of a ribonucleoprotein, the viral
nucleocapsid. The nucleocapsids are enzymatically active and contain an internal RNAdependent RNA polymerase which directs both mRNA transcription and the genome
rep]ication[43].
Measles virus RNA is synthesized in the nucleus of host cell and migrates to the
cytoplasm[42], As we know, single-stranded RNA viruses whose genomes can serve
as messengers are termed as plus (+) strand viruses, while paramyxoviruses, e.g.
measles virus, are defined as the minus (-) strand RNA viruses. Characteristically their
genomic RNAs can not be directly translated into proteins and their genomic RNAs
must serve two template functions: first for transcription and then for replication.
Because MV genome must be transcribed to make mRNA and the cell lacks the
appropriate enzymes, MV (-) strand virus packages in the virion a transcriptase along
with the viral genome. Therefore, the transcription of the viral genome is the first event
after entry of the virus into cells; beginning at or near the 3' end, the genome is
transcribed to generate six unique monocistronic mRNAs [(-i-) strands] each specifying
a single protein. Then, replication begins under the direction of newly synthesized viral
proteins - the RNA polymerase, a full-length complementary, (4-) strand RNA is made
and serves as a template for the synthesis of (-) strand genomic RNAs[42]. Selfannealing studies established that the encapsulated RNA consists of both genome
(negative polarity) and antigenome (positive polarity, mRNA) RNA molecules,
distributed in a ratio of 2-3 negative polarity molecules for each positive-stranded
RNA[43]. The gene order beginning from the 3' end has been deduced as NP-P/C-MF-H-L [46].
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Fig.l Illustration of Measles Virus Structure.

The measles virion contains 6 major structural proteins; L (Large protein) and P
(Phosphate protein) - are associated with the internal nucleoprotein (nucleocapsid) and
involved in the activity of RNA polymerase; NP - the nucleocapsid structural protein;
H - the hemagglutinin, a surface glycoprotein with receptor-binding activity; F - the
fusion protein, a surface glycoprotein responsible for virus penetration and cell fusion
and lysis. Both H and F proteins are located in the envelope of the virus. They project
from the outer surface of the viral envelope and form spike-projections -lOnm long on
the surface of the virion[14]. M - matrix protein, is an internal membrane protein, it is
associated with the

inner surface of the lipid bilayer and interacts with the

glycoproteins that are inserted in the cell membrane, and also with the viral
nucleocapsid, serving as the recognition site for the nucleocapsid as it aligns beneath
the areas of the cell membrane that contain viral envelope proteins and are destined to
become the viral envelope[14]. Thereby M protein links the two structures together and
plays a key role in the assembly of the virus particle. The envelope of measles virus
consists of a lipid bilayer, which is derived from the host-cell plasma membrane during
virus assembly by budding.
The synthesis of the 6 structural proteins of measles virus takes place in the
cytoplasm. Nucleocapsids are formed in cytoplasm. When synthesized L, P and NP
proteins accumulate, and further maturation of the virus takes place on the cytoplasmic
membrane. The release of the virus from the host cells occurs by budding through
modified areas of the plasma membrane .
The characterized cytopathic phenomenon of the acute measles virus infection is the
formation of giant cells and syncytia by cell fusion and the formation of intranuclear,
intracytoplasmic inclusion bodies.

1

MRAST.HS VIRUS AND HUMAN IMMUNE SYSTEM.
The ability of measles virus to alter an expected immune response received

recognition in 1908, von Pirquet reported that the tuberculin reaction was suppressed
in children with measles who had previously been positive to this test.
Subsequent studies confirmed that the delayed cutaneous hypersensitivity to
tuberculin is transiendy suppressed or severely impaired in man by measles virus, both
in natural infection and attenuated live measles virus vaccine[2,3,4,5,6]. Chronic
diseases may be modified by coincidental measles infection. Pulmonary tuberculosis
may be exacerbated[6], and the nephrotic syndrome may improve[l]. These
observations led to the belief that measles virus infection can affect human host's
immunologic response.

During 70s, research focused on the interaction between measles virus and human
lymphocytes and immune system. Studies have shown that measles virus interferes
with the capacity of lymphocytes to respond in vitro to stimulation of a variety of
antigenic stimuli[3,5,6,ll,17] and with the capacity of making chemotactic factors[17];
which present in vivo as depression of delayed skin hypersensitivity to tuberculin
(PPD), Candida, diphtheria toxoid and streptococcal antigens,etc.[5]. However, there is
no suppression of humoral antibody during the virus infection[3]. Humoral response
and serum immunoglobulin remained

normal[3]. The lymphocytes blastogenic

response in vitro to mitogen, e.g. PHA (phy to hemagglutinin), has been reported as
normaI[5], or depressed [6,17]. NK (natural killing, non-B non-T lymphocytes) cells
activity could be abrogated by measles virus infection of effector lymphocytes[17].
Measles virus infection can cause lymphopenia[3,ll]. Since 65-85% of blood
lymphocytes are T lymphocytes, marked deficits must be due to a reduced size of the
circulating pool of T lymphocytes. It has been showed that the number and proportion
of circulating T cells was low during measles infection, whereas B lymphocytes
number did not alter[15]. Interaction between specific antibody and virus which fixed
on the surface of lymphocytes [11] and the measles virus direct cytopathic effect on T
lymphocytes[4] may be the factors in the pathogenesis of lymphopenia or T cell
depletion.
The investigation on the histological changes of thymus during the acute and
subacute stages of measles demonstrated large syncytia of thymocytes and later total
loss of thymic cortex[4]. So the striking cytopathic changes and destruction in thymus
resulted in the deficiency and impairment of thymus-dependent lymphocytes. Thus
measles virus has a selective effect on T cells. It can depress T lymphocyte function and
alter T cells so that they are unable to respond to antigen-induced blastogenesis and
proliferation in vitro[ll], resulting in depressed reactivity of these cells to diverse
stimuli.
There is yet no evidence of B cell or macrophage dysfunction associated with
measles virus infection[3,10,15]. B lymphocytes stimulated by antigen differentiate
into antibody-secreting cells, while T cells act directiy to mediate cellular immunity. T
lymphocytes also exert either a helper or a suppressor effect on regulating antibody
production by B cells. Therefore, T lymphocytes play an important role in both cellular
and humoral immunity. Impairment of T lymphocytes activity by measles virus may
cause a deficiency in mechanisms regulating antibody production. This may account for
the enhanced antibody synthesis in response to antigens [11]. It has been suggested that
the capacity of measles virus to inhibit T cell function may also play a role in the
development of autoimmune disease by depressing mechanisms which control
autoantibody formation[ll].

1 -3. THR CORRELATION WTTH SUBACUTE SCLEROSING
P A NENCEPH ALITIS.
Subacute Sclerosing Panencephalitis (SSPE) is a rare, fatal, slowly progressing
degenerative disease of the central nervous system of children and young adults, caused
by a persistent measles virus infection. It follows acute measles after an interval of 6-8
years[40]. The incidence is 1 case per 106 cases of acute measles. A high proportion
of patients are known to have contracted measles at very early age, i.e. before 2 or 3
years of age [41].
SSPE was originally described in the 1930s under various names. In the late 1960s
the role of the measles virus became clear. One characteristic laboratory finding in
SSPE is that an extremely high titer of measles virus antibody in the serum and
cerebrospinal fluid of SSPE patients[20,24,26,41], 10-fold or greater titers higher than
that found in sera of normal convalescent adults[20].
Electron microscopic studies have revealed structures with all of the measles virus
morphologic featiures in the brain ceUs from SSPE patients[41]. The inclusion bodies in
neuronal and glial cells stain specifically with measles virus antibody [41] and measles
virus antigens was also found in lymphocytes from SSPE patients[16]. Measles virus
has been isolated from brain tissue and lymphoid tissue of some patients by the
technique of co-cultivation of the infected tissue specimen with a permissive line of
tissue culture cells[20,26,27,41]. The measles virus RNA sequences have been
demonstrated by nucleic acid hybridization techniques in brain tissue [97] and
peripheral blood lymphocytes of patients with SSPE [98].

1-4. POSSIBLE MECHANISMS OF MEASLES VIRUS PERSISTENT INFECTION
IN VITRO AND IN VIVO.
(1) Antigenic Modulation By Antibody.
The redistribution of a particular antigen on the surfaces of cell's cultured in the
presence of the specific antibody was first observed in the 1960s by Boyse and Old,
termed "antigenic modulation".
In this respect,

on measles virus infections studies, the antibody-induced

modulation of measles virus antigens on the surfaces of infected Hela cells (in vitro)
was explored in a series of experiments , using antibody conjugation.

immunofluorescence or immunoelectron microscopy technique, by M. 01dstone,et al
[19-23].
An experimental model was devised in which persistently and acutely infected Hela
cells with Edmonston strain Measles virus and high titers of antiviral antibodies
coexisted. The experimental model was designed to reflect the situation of persistent
measles virus infection in humans where antiviral antibodies and functional complement
system occur in the face of persistent virus infection[20], such as high antibody
production in SSPE patients during the persistence of measles virus.
The results indicated that measles virus antigens at the surface of infected human
cells in culture changed from random distribution into polar aggregation after exposure
to antibodies against measles virus[19-22]. The measles virus-antibody immune
complexes formed on the plasma membrane and then redistributed to a polar cap. They
are generally removed from the cell's surface and deposed exogenously, only rarely
being endocytosed. Cells treated in this manner, continued to express measles virus
antigens in their cytoplasm but not on their surfaces and continuous exposure to
measles virus antibodies also normalized the growth and cytomorphology of
persistently infected cells[20]. Further research on molecular events occurring during
antibody-induced antigenic modulation demonstrated the alterations in expression of
measles virus polypeptides by antibody. After measles virus antibodies bind to the
surface of Hela cells infected persistently with measles virus, the expression of an
external polypeptide F1 decreased quantitatively, and internal polypeptides P and M
were altered as well[22]. Measles virus infection itself does not effectively shut off host
protein synthesis. Cell death from measles virus is partly caused by membrane damage
due to fusion of cells and formation of syncytia. Cell fusion is a property of the F1
polypeptide of measles virus . Hence, when antibodies decrease the numbers of F1
molecules on the surfaces of infected cells, the result is to diminish fusion between
neighbouring cells[22]. It may be that antibodies against measles virus modulate viral
antigens on the surface of infected cells thus removing the recognition and binding sites
to which the mediators of immunological injury attach[20]. This is supported by the
demonstration that once measles virus antigens were removed from the surface of
infected cells, the cells were no longer susceptible to antibody-mediated complement
dependent lysis[20,21]. When antibody treatment of infected cells was discontinued,
measles virus antigens became fully re-expressed on plasma membranes and these cells
were again susceptible to immune lysis [20].
The activity induced by antibody favours the survival of virus. The measles virus
genetic information retained within the infected cells and the continued replication of
virus encourages generation of mutants, which by themselves favour virus
persistence[22]. So, in addition to protecting a host from virus infections, the antibody
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to measles virus can aid in the initiation of viral persistence. Such a mechanism may be
one of the factors in the pathogenesis of persistent virus infections associated with high
antibody responses in humans, such as SSPE.
Therefore, antibody-induced antigenic modulation allows viruses to persist in cells
and escape immune lysis by two mechanism: (1) Reducing the density of antigenic
expression in the surface which is essential for immune recognition; (2) Since it is
associated with alterations in internal viral proteins, these alterations may account for
the aberration in viral protein synthesis and encourage the generation of viral mutants
which by themselves can cause virus persistence.
(2) Measles Virus Mutation In Persistent Infection.
SSPE is caused by chronic measles virus infection. Latent, intracellular measles
virus survives in the infected brain cells and lymphocytes of SSPE patients, despite
normal or hyperreactive host defenses indicated by intact cell mediated immunity and
high measles virus antibody titers in both serum and cerebrospinal fluid(CSF) in SSPE.
However, SSPE is characterized by the extreme difficulty of isolating measles virus
directly from the infected brain tissue. Cocultivation of SSPE brain material or the
lymph node cells of SSPE patients with permissive tissue culture cells, e.g. Hela cells
or vero cells that can support replication of the measles virus, is necessary for
recovering the virus[24,25]. In spite of cocultivation, this only occasionally leads to
the recovery of an infectious measles virus. Often its procedure fails to yield a lytic
budding virus but produces instead a carrier cell line[30].
These observations suggest that the inability to complete the viral infectious cycle
may be attributed to restriction either by host factors, or defects in the structure and
formation of measles virus genes and gene products. So far, no major host factor has
been discovered in SSPE[35]. It is now established that viruses can undergo rapid
mutation and that changes in the viral genome can produce dramatic changes in
pathogenicity[35].
Using sensitive immunoprecipitation technique, it was found that SSPE patients
have absent or have low titre antibodies to the matrix protein of measles virus in the
serum and CSF in spite of high titers antibodies to the other viral
proteins[26,27,29,36]. Subsequently studies have shown that the M protein could not
be detected in infected brain tissue from SSPE patients by direct analysis of measles
virus proteins although the other viral proteins were found[26,29,30]. Furthermore the
transfer of SSPE brain cells genome into different host cells, which provide a
favorable intracellular environment to the transfected genome, failed to alleviate the
restriction of M protein expression, although they are sufficient to support the
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accumulation of both N and P protein[33]. This suggests that viral factors rather than
host factors cause defective measles virus expression in a persistent infection. The
results of analysis of mRNAs extracted from SSPE cell-lines by electrophoresis
demonstrated that the mRNA specific for M protein is present[30,31]. When sequence
analysis of the cloned M protein gene cDNA derived from RNA of SSPE cell-line was
compared with the gene sequence of the stable M protein from Edmonston strain, it was
revealed that their sequences are highly heterogeneous and there are several differences
in the nucleotide chain, 18 changes over 3935 nucleotides of M gene in the
compromised virus from SSPE cell line[33]. Thus the measles virus gene sequence
variability is about 0.45% in the SSPE cell-line[33]. This would result in amino acid
differences between the M protein

of the SSPE cell-line and that specified by

Edmonston measles virus genome. Any or all these amino acid differences may be
responsible for the rapid post-translational degradation by which M protein expression
is restricted. So mutation accumulated within the M gene sequence in the course of
persistent infection could lead to an M protein inherently unstable or predisposed to
proteolysis. Therefore, the rapid M protein degradation displayed by SSPE-cell-line is
likely to be caused by mutation of the gene.
The suggestion that measles virus mutation causes defective gene expression in a
persistent infection was supported by the recent findings that not only changes in the M
protein, but other virus proteins may also involved in the evolution of a measles virus
persistence[32,34]. Changes in antigenic structure and pi (the pH at isoelectric point)
of NP proteins derived from a MV persistently infected cell culture have been
reported[32], and are thought to be due to a mutation within the NP gene during the
persistent infection.
In other studies, the restricted expression on each of the measles virus gene products
H and F in persistent infection have also been reported[33].
Therefore, it has been suggested that persistent infection of measles virus in vitro
and in vivo is associated with the generation of heterogeneous populations of mutants.
During subsequent rounds of replication, the measles virus genome will incur and
accumulate mutations. The replicative infidelity, survival, propagation and coexistence
of multiple genomic variants should characterize the long-standing persistent measles
virus infection.
Restriction of the expression of measles virus M gene or other envelope proteins
genes may mean that no mature infectious virus particles are produced in persistent
infection of measles virus in vivo as well as in vitro. Thus, internal components of the
virus would accumulate in the cells, while the surface glycoproteins of the virus
exposed on the surface of the cells stimulate high levels of antibodies[26,27,29].

1 2

There is no need to produce infectious particles of virus for perpetuating the
persistent infection process because the measles virus nucleocapsid alone is infectious.
The viral structural L, P and N proteins and RNA genome complex represent the
replicating property and is sufficient for maintaining viral replication. It can be spread in
the infected cells by means of cell division [34]. On the other hand, restriction of the
expression of measles virus genes in the infected cells could enable the virus to escape
immune surveillance and

diminish the effectiveness of the immune system in

eradication of infected cells.
(3) Measles Provirus.
In experiments of a cell line of chick embryo fibroblasts chronically infected with
measles virus[37], Zhdanov et al showed that DNA sequences of infected cells are
present which are homologous to MV RNA[37]. This indicated that MV RNA genome
could be reverse-transcribed into DNA and the latter is integrated into the chromosomal
DNA. This mechanism is for oncogenic RNA viruses(retroviruses), in which the
existence of reverse-transcriptase(RNA-dependent DNA polymerase) in the vinons
enable the virus to synthesize a DNA copy of their genome that could be integrated, in a
stable and heritable manner, into the host cell chromosome. Since the MV does not
possess endogenous reverse transcriptase activity, it was suggested that transcription
of the viral RNA was speculated to be mediated by enzymes from endogenous viruses,
such as latent oncoviruses[37,38]. In the study of association between SLE(systemic
lupus erythematosis) and MV[39], in addition to the evidence of the high measles virus
antibodies titer in the blood of SLE patients, and the detection of paramyxovirus-like
structures in various lupus effected tissues, the hybridization assays performed with
the viral RNA and cellular DNA of pathologic tissues from SLE patients demonstrated
the sequences of DNA homologous to MV RNA genome[39]. Using transfection
technique, the DNA transcripts of the measles virus genes have also been detected in
Multiple Sclerosis brain tissue [95].
However, tiiese findings could not be reproduced in cell culture [38]. It may be
because of the absence of the endogenous enzymes, or that the state of integration of
the provirus in cells is not a permanent process and the cells with the integrated
provirus may be replaced by cells without it during subsequent replication[3 8].
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2

AUTOIMMUNE CHRONIC ACTIVE HEPATITIS.

9.-1 GENERAL FEATURES.
Chronic Active Hepatitis is a clinical entity characterized by a chronic progressive
liver disease with superimposed episodes of activity. The histological hallmark of
Chronic active hepatitis is the combination of infiltration of inflammatory cells
composed of lymphocytes and plasma cells, and 'piece-meal' necrosis which destroys
parenchyma. In addition, the fibrolastic activity and surrounding and isolating small
groups of hepatocytes at the interfaces between 'piece-meal' necrosis also can be seen.
The aetiological factors of CAH are now largely identified and chronic hepatitis is
associated with Hepatitis B virus infection, Hepatitis non-A non-B virus infection,
drugs, and genetic defects, such as a 1-antitrypsin deficiency. However, there
remains a group of chronic active hepatitis patients with marked changes in
immunological reactivity, where the cause of the liver disease is unknown. It is
considered as autoimmune or idiopathic chronic active hepatitis (AICAH). There is no
serological evidence for the diagnosis of hepatitis viruses. It seems that patients with
this liver disease have a self -perpetuating disorder that was triggered by unknown
factors[44].
Initially, AICAH was described to occur mainly in Scandinavia, Australia, United
Kingdom and North America. In these parts of the world. Chronic Active Hepatitis due
to HBV is relatively uncommon[45]. AICAH is a rare disease and the estimated
incidence in England was 0.7 per 100,000 per year[45]. The disease occurs in all age
groups and in both sexes, but predominantly in females(70%). Jaundice, anorexia,
hepatosplenomegaly and progressive deterioration in liver function are the clinical
features[46,47]. In one third of patients the onset is abrupt with clinical and laboratory
features indistinguishable from acute viral hepatitis. Two thirds have a more insidious
onset with symptoms developing over a period of 2-6 months[46,47].
AICAH characterized by hyperimmune reactivity , which, in addition to liver injury,
may be associated with damage to other organs including arthritis, ulcerative colitis,
thyroid disease, diabetes and other autoimmune disorders. Autoantibodies, particularly
to nuclei and smooth muscle are commonly found, and associated with high globulin
levels. High titers antibodies to a variety of bacterial and viral antigens, particularly to
measles virus (discussed below) are found.
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The histology of AICAH is indistinguishable from the general features of viral
chronic hepatitis. More active parenchymal liver cells degeneration, piecemeal necrosis
and a striking infiltration of inflammatory cells including increased proportion of plasm
cells and lymphocytes, histocytes are the features of AICAH[45].
The mortality of AICAH is significantly greater early on the illness, compared with
the CAH caused by other reasons (Table 1). The chief cause of death is liver
failure[44].
Table 1. Consequences of Untreated CAH According to Aetiological Classification.

Consequences
Cirrhosis
Resolution
Mortality

Aetiological Classification
Hepatitis B Non-A non-B Idiopathic/Autoimmune

<90%
30%

10%
50%
low

increased

rare

70%

Drug Induced

90%
7-20%

rare

30-90%

99%
rare

rare

rare

(10 years)
Hepatic cancer

(from reference [44]).
The response of this form of hepatitis to corticosteroid treatment is relatively rapid.
It can slow down the progression of the disease and bring it into remission.
2-2. THE RESEARCH IN THE PAST.
The earliest records of AICAH were in the beginning of 1950s[48-51]. Several
reports drew attention to a form of CAH in young women characterized by progressive
severe liver damage and hyperglobulinemia[48-51]. In the late 1950s, overactivity of
the immune system was recognized, and LE cells were identified in some cases. The
term "lupoid hepatitis" was used to describe the syndrome to emphasize the similarities
and differences between this liver disease and SLE (systemic lupus erythematosus) [5258]. In the beginning of 70s, the term of "autoimmune chronic active hepatitis" gained
wide acceptance[55].
In the last 20 years, most research on AICAH have concentrated on its
immunological abnormalities and genetic factors. They included: 1) the finding of
autoantibodies to tissues, such as smoothmuscle antibody and antinuclear antibody in
the majority of patients[59-66]; 2) the presence of the antibodies to gut-associated
15

bacteria, which was explained as being due to impaired phagocytic activity of Kupffer
cells in sequestering exogenous antigens absorbed from the gastrointestinal tract[[6770];

3) the research on the liver-specific membrane protein in AICAH and its reaction

with humoral and cell-mediated immune system[71-75]; 4) the demonstration of the
different patterns of immunoglobulin fixed on the hepatocytes membranes in HBAg
negative CAH and HBAg positive CAH, indicating different pathogenetic types[70].
and 5) the idea that defective suppressor T-cells in AICAH patients may result in liver
damage because of antibody dependent K-ceU hyperactivity against liver antigens due to
disequilibrium of interaction between T and B-cells[76-77].
The genetics studies have shown that the frequency distribution of histocompatibility
antigens HLA-B8, HLA-Al and HLA-DW3 was significantly increased in the patients
with AICAH in comparison to that in control groups and in HBV CAH group which
suggests an inherited association with immunologic abnormalities in susceptible
individuals for this type of CAH triggered by as yet unknown factor(s)[77-82].
9-1 ASSnCTATTON WITH MEASLES VIRUS INFECTION.
The clinical, histological and immune abnormalities in AICAH are similar to those
found in viral chronic active hepatitis, and a causative viral agent remains an attractive
hypothesis. Evidence has accumulated to implicate the measles virus or similar virus.
en High Antibodies To Measles Virus.
The first report of increased antibody titers to measles virus in sera of patients with
AICAH was in 1971 [83]. Subsequent studies clearly demonstrated respectively that
AICAH patients have extremely high titers antibody against measles virus in HI
(Haemagglutination Inhibition) and CF (Complement Fixation ) tests, over 10-100
times higher than that of normal convalescent controls, and similar to, or even higher
than that of SSPE patients[83-88]. Raised antibody titers to measles virus are not
present in HBV-CAH, alcoholic liver disease, and primary biliary cirrhosis[83,89].
There is a strong correlation between the high titer anti-measles antibodies and
autoantibodies to tissues in AICAH patients [89].
The research on analysing antibodies against measles virus polypeptides, using
radio-immunoprecipitation assay, showed that antibodies against 5 measles virus
polypeptides (NP,H,P,F1, and M) were all demonstrated in the sera from AICAH
patients. It was suggested that the presence of antibodies directed against both external
and internal measles virus structural proteins may indicate the immune response to
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measles virus in AICAH, reflecting an active replication of the virus , rather than a nonspecific reactivation of immunological memory cells [87].
The MV specific IgG class antibodies were present in acute measles infection, in
healthy convalescents, as well as in AICAH. But, MV specific IgM antibody was only
detected in acute measles and AICAH patients, not in healthy convalescents[90]. IgM
antibody is often produced early in infection, is a marker of infection during acute
illness and reflects the early humoral response to newly encountered epitopes. Hence,
IgM antibody denotes the presence of active, recent viral replication[42]. So, the
finding of measles virus specific IgM antibody in AICAH is a further indication of the
production and release of measles virus antigens in the patients with AICAH.
Therefore, it is suggested that the significantly elevated antibodies titers to measles
virus in patients with AICAH, reflected an hyperimmunological defence in response to
a measles virus persistent infection with continued expression of new epitopes in the
body [88-90].
(I') Hepatotropic Ability of Measles Virus.
Measles virus is rarely considered by clinicians as a cause of hepatitis. However,
measles virus is hepatotropic and there are several reports of abnormal liver function
tests during measles infection[91-93]. One study has shown that subclinical hepatitis
and occasional clinical jaundice were found in 80% of young adults with measles[94].
In addition, AICAH has been observed 1-6 months after an acute measles infection
in children[96]. In this study, all tiie cases of idiopathic CAH had very high titers
measles antibodies.
(3) The Change In Age Incidence of AICAH and Its Correlation With MV Vaccination.
Early descriptions about the onset of AICAH emphasized development in young
people. Indeed it used to be called "juvenile hepatitis", or "juvenile cirrhosis", although
it was known to occur in all age groups. However, recent clinical experience and
clinical reports in tiie literature have shown that the AICAH now predominantly occurs
among older people.
Measles vaccine was introduced in the Great Britain in 1969[100], and was
enthusiastically taken up, and vaccination rates have exceeded 70% in recent years.
Thus a literature survey on the mean age of AICAH patients at the onset of symptoms
from 1950 to 1987 has been undertaken as die increased age incidence of AICAH
patients over the last 30 years might have association with the wide spread use of
measles vaccination.
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9-4 THF. ATM OF PRESENT STUDY
The pathogenesis of AICAH remains unknown. The present concept is that AICAH
may be a multifactorial disease with a virus infection as the triggering factor. The
measles virus appears to be a prime candidate virus for AICAH by virtue of its known
ability to initiate the chronic infection and also by significantly elevated antibody titers
against measles virus iii die sera c)f j4IC.AJK[]]atienK. TThonsfore, them: maylbe a close
association between measles virus and AICAH. A similar pathological process to SSPE
may occur in the liver in AICAH. It is proposed that a persistent infection of the
measles virus, where a mutant viral genome leads to the restriction of the expression of
the measles virus genes, results in a limited production of the viral antigens, and
causes the immune attack on hepatocytes, thus liver damage occurs in the susceptible
individuals.
The development of nucleic acid hybridization techniques enables us to detect the
presence of measles virus gene sequences in infected cells.
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3.

NUCLEIC ACID HYBRIDIZATION FOR THE DETECTION OF VIRAL
GENOMES.

In addition to clinical signs and symptoms, conventional methods for diagnosing or
identifying virus aetiology in a disease are growth of viruses in clinical specimen with
tissue cultures or inoculation of animals with clinical sample, serological assays, e.g.
specific antibody measurement[42], and light microscopic and electron microscopic
examination of virus's cytopathic effects and the exist of viral structures within the
cells. However, if a virus is in chronic or persistent infection form, such as measles
virus in SSPE, it is often very difficult to isolate the virus from cultured tissue or
inoculated animals.

Serological assays can only provide indirect evidence for the

presence of a virus.
During the past 15 years, a new technique, nucleic acid hybridization, has been
developed for exploring the structure of cellular and viral genes [97]. With nucleic acid
hybridization, we are able to detect the presence of viral genome within host cells,
whatever the form of infection, and where the cytopathic phenotype is not being
expressed. This new technique has been a major advance in the rapid and accurate
detection of viruses.

3-1. The Structure and Biological Characteristics of Nucleic Acids.
There are two types of nucleic acid in nature, deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). They are important constituents of cells, and viruses. They are
large polymeric molecules, the monomer units of which are mononucleotides.
Each nucleotide consists of a purine or pyrimidine base (adenine:A, Cytosine:C,
guanine:G, thymine:T, and uracikU ) linked to the 1st carbon of a pentose sugar which
is phosphorylated on its 5th carbon. The 5 carbon sugar component in a DNA is 2deoxyribose, whereas it is hydroxylated on the 2' carbon in RNA; the base T is in
DNA, whereas the base U is present in RNA.
The constituent nucleotides in nucleic acid are joined together by a 3' 5' phosphodiester bond. The precursors of nucleic acid are 5' triphosphorylated
nucleotides. During synthesis a pyrophosphate group is lost and the remaining
phosphate becomes joined to the hydroxyl group on the 3' position of the preceding
nucleotide in the sequence. This asymmetry means that a single strand of DNA or RNA
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has a polarity. At one end there is a nucleotide whose 5' carbon is not joined by a
phosphodiester bond to another nucleotide, and at the other end there is an unbonded
3' carbon. So the nucleotides chain has definite orientation. There are the 5' and 3'
ends of the chain respectively.

5'-END

OH
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BASE 1

O
OHtb-HC^Ti
0
HO1

BASE 2

O

O-

HC-HC"
H

I
O
H0-|j3= O
H C - HC
I
H

BASE 3
0 \
I
OH

I

3'-END

DNA molecules usually consist of 2 strands arranged in a double helix. Most
RNAs are single-stranded in cells , but they can form stable double strands form with
complementary RNA or DNA. In a double stranded helix, the two strands are
antiparallel, i.e. the 5'end of one strand is opposite the 3' end of the other strand. The
2 strands are held together by specific hydrogen bonds between the bases on the
opposing strands. The highly specific nature of the hydrogen bonding is a crucially
important feature of the structure: adenine (A) forms 2 hydrogen bonds only with
thymine (T) in DNA or with uracil (U) in RNA; and guanine (G) forms 3 hydrogen
bonds only with cytosine (C). So only AT, TA or AU, UA and GC, CG base pairs
can be found in nucleic acid chain. Thus, they are called complementary bases. This
complementarity is dictated by the specificity of formation of hydrogen bonds between
the bases.
This is also the basis for the principle of the replication of DNA or RNA. With
DNA-dependent DNA polymerase, the mononucleotide of 5'-triphosphate is
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incorporated into the new chain in the presence of a DNA template which is single
strand DNA from parental double stranded DNA and determines the nucleotide
sequence in the newly synthesized DNA strand. Thus, each DNA daughter molecule
contains one newly synthesized strand and one derived from the parent molecule.
Biosynthesis of RNA is by transcription from a DNA template or from RNA template
in some viruses, with RNA polymerase. Reverse transcription occurs when DNA is
synthesized from an RNA template, which does not occur in the cell, but the enzyme
reverse transcriptase does exist in some oncogenic viruses.
DNA is located within the nucleus of cells, RNAs exist in cytoplasm chiefly and it
is present in 3 forms: ribosomal RNA, transfer RNA and messenger RNA. The
genetic information is encoded in DNA molecule in the linear sequences of bases
which is in the form of groups of three bases along the DNA. Each group of three
bases is known as a codon that codes for one of 20 amino acids. At first, the genetic
codes are transcribed from DNA to mRNA, then the mRNA transports the information
to the protein-synthesis centre of cell where the genetic information is translated from
the linear sequence of codons in the mRNA into a linear sequence of amino acids.

3-2 Theoretical Background of Nucleic Acid Hybridization.
A Denaturation.
The stability of a DNA double-stranded helix structure is determined by three
factors:
helix;

1) hydrophobic and stacking forces of bases in the core of double-stranded
2) hydrogen bonding which extensively linked complementary bases (A and

T or U, C and G), which individually is weak but collectively the hydrogen bonds in
the double helix give rise to a stable molecule;

3) ionic forces of the surrounding

solution.
Denaturation of a DNA or RNA means that the double strands of nucleic acid
collapses with separation of double stranded helix, this is also termed 'melting'. It can
be due to disruption of the hydrogen bonds or affection of the stability of the double
stranded helix structure.

The following factors can affect the stability of the double

strands resulting in denaturation: (1) High temperature: it can break the hydrogen
bonding between complementary bases. The temperature at which half of the DNA or
RNA is into converted single strands is defined as the melting temperature (Tm). It is
strongly dependent on the base composition of the nucleic acid since AT or AU-pair is
weaker than GC-pair because GC-base pair contains one more hydrogen bond than
AT(U) pair;

(2) Extreme pH: such as alkali, this can change the charge on several

substitutes on the rings of the bases and result in reduction of hydrogen bonding;
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(3) Low ionic strength: it enhances interstrand repulsion between negatively charged
phosphates;

(4) Denaturing reagents: such as formamide which are capable of

increasing solubility of the bases by decreasing the hydrophobic forces of bases in the
core of double-stranded helix.
Tm can be calculated in following equation:
Tm=81.5+ 0.50 (%C+%G) +16.6 logNa - 0.60 (% formamide).

B Hybridization.
Molecular hybridization is in principal based on the fact that the denaturation of
nucleic acid is a reversible process.
Under certain conditions, such as , if the temperature is reduced to about 20-30°C
below the Tm, the complementary strands can reanneal to form a stable duplex with
the hydrogen bonds between the base pairs re-formed. Two single-stranded nucleic
acids can form stable duplexes again by joining together with typical complementary
base paring sequences. This is called reassociation. Reannealing or zipping was the
term to describe the formation of successive base pairs once reassociation has
commenced[98]. Hybridization is the formation of sequence-specific, base-paired
duplexes from any combination of nucleic acid fragments (usually in vitro).
In a hybridization reaction, two different DNAs or / and RNAs are denatured and
allowed to reassociate. If there are sequences in common between the two, then
hybrid structures may form in which each DNA or RNA contributes one strand. Thus,
there are 2 important features of hybridization :1) the two sequences involved in
duplex formation must have a degree of complementarity; 2) the stability of the duplex
formed depends on the extent of the complementarity. A useful measure of the stability
of a DNA or RNA duplex, or an DNA-RNA hybrid is the melting temperature.
The stability of a formed duplex or hybrid depends on the following factors:
1) Base-paring mismatch. Under the conditions of reassociation, sequences which are
not perfectly complementary may still form duplexes. Since mismatched sequences are
less stable than perfectly base-paired species, approximately 1% mismatch reduces the
thermal stability by TC Tm.

2) Fragment length. The length of the base-paired

region of a hybrid affects the thermal stability:
and

D=500/L, D is the reduction in Tm

L is the length of the base-paired duplex.

3) Concentration of salt. The

concentration of salt has a profound effect upon the Tm of a duplex. The Tm changes
about 16'C for each factor of 10 in salt concentration in the lower concentration range
(0.01-0.IM). Divalent cations have a much greater effect on the Tm than do
monovalent cations.

4) Base composition. In normal salt solutions GC base pairs

are more stable than AT(U) base pairs.
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3-3. Hybridization Methods in Common Use.
For detecting viral nucleic acids in a clinical specimen, there are 3 different
techniques of nucleic acid hybridization. They are Filter Hybridization (dot-blot), Blot
Hybridization (Northern Blot and Southern Blot) and/n Situ Hybridization [99].
DNA or RNA has to be extracted from the clinical specimen by lysing cells,
digesting proteins and phenol-chloroform extraction. Additionally, the viral DNA or
RNA in question has to be labelled as a radioactive probe.
Then, in Filter Hybridization, denatured (single stranded ) unknown DNA or RNA
is directly bound to a nitrocellulose or nylon filter and incubated with denamred
radioactive probe. If the unknown nucleic acid sample contained sequences in common
with the probe DNA, then the two will hybridize; the radioactivity will be bound to the
filter (Fig.2). In Southem-Blot or Northern-Blot Hybridization, the unknown nucleic
acid is separated on agarose gels to different molecule sizes (fragments, bases or kilobases in length) and then efficiently transferred to nitrocellulose or nylon membrane.
Hybridization with a radioactive probe and subsequent autoradiography thus allow the
visualization of specific bands carrying sequences complementary to the probe.
Because the probe is confined to distinct bands, so it can identify weak signals
specifically. In In Situ Hybridization, labelled DNA or RNA probes are used for
detecting viral sequences in smears, and frozen or fixed tissue section. It provides a
picture of the distribution of viral nucleic acid within the specific cells and tissues.
3-4. Nucleic Acid Probe.
Nucleic acid probes are able to demonstrate presence of particular DNA or RNA
sequences directly in tissues or cells.
Nucleic acid probes can be generated by cloning of viral DNA or cDNA in a
bacterial host, e.g. Escherichia coli; which is to incorporate a virus sequence into a
bacterial plasmid, then the viral fragment can be reproduced. Gene cloning can provide
a wide range and large quantities of the probes.
In recent years, a new technique has been developed which can produce
oligonucleotide probe (20-50 bases) by synthesizer in vitro. An oligonucleotide probe
is sufficient to be specific for search viral genomes within host cells and it is more
simple and convenient to obtain a nucleic acid probe.
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Fig.2 Illustration of Filter Hybridization.

24

DNA

PART

II

MATERIAL AND METHODS
EXPERIMENTS
ISOLATION OF LYMPHOCYTES FROM PERIPHERAL BLOOD.
Reagents
Heparin (preservative-free).
PBS: Phosphate Buffered Saline. g/L:NaCl 8.5, Na2HP04 1.58,
NaH2P04 0.156, pH7.6.
HISTOPAQUE 1077: ficoll-diatrizate preparation. SIGMA.
Method
Lymphocytes were obtained from peripheral blood of patients with AICAH
documented by clinical, serological and liver biopsy findings. Control lymphocytes
were from healthy adults convalescent of measles, and patients with other forms of
liver diseases.
Whole venous blood samples were obtained by venepuncture and transferred to
sterile plastic screw topped containers contaming 100 units(0.1 ml) of heparin. This
was then diluted in proportions of 5ml anticoagulated blood and 10ml PBS. 5ml of
HISTOPAQUE was placed in each sterile universal tube and then 10ml of diluted
blood was layered on top carefully without disturbing the interface. The universal tubes
were centrifuged for 30 minutes at lO'C and 400g (1,400 ipm in BECKMAN Model
TJ-6 Centrifuge) on Ficoll-Histopaque gradient.
The layer of cells at the interface contained 70-90% lymphocytes. These cells were
carefully aspirated using long sterile pasteur pipettes, and were then washed 3 times
with PBS. Each time the cells were centrifuged for 10 minutes at 10°C and 1,200 rpm
(BECKMAN Model TJ-6 Centrifuge)
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VERO CELLS TISSUE CULTURES.
Reagents.
Medium 199: GIBCO Ltd. Modified Earle's Salts with 1.25g/L NaHCOS
with L-Glutamine. Cat.No.041-01153H.
Fetal Calf Serum (PCS).
Dulbecco A Solution: per litre: NaCl 8.0g, KCl 0.2g, Na2HP04 1.15g,
KH2P04 0.2g,pH7.
Detachment Solution: 0.05% (w/v) Trypsin and 0.1% (w/v) EDTA in
Dulbecco A Solution.
Stocked Vero cells.
Method.
Vero cells are an African Green Monkey Kidney cell-line which is susceptible to
measles virus infection. Cultured vero cells infected with measles virus were used as
positive control and uninfected cells as negative control.
lOx 10^ stock vero cells were taken from liquid nitrogen and brought to room
temperature. Then they were placed into 65cm

screw-capped culturing flask and

monolayer cultures were grown to confluence in Medium 199 supplemented with 10%
Fetal Calf Serum (FCS) at 37°C and an atmosphere of 5% C02 for 48 hours. When the
monolayer vero cells were confluent, the medium was removed from each flask and the
monolayer cells were washed 3 times with Dulbecco A Solution. Then 2-3 ml of
detachment solution was added. Cells then detached from the culturing plate within 5
minutes at 3TC . They were divided into 2 or 3 150 cm screw-capped culture flasks.
The cells were allowed to be confluent again in 50ml growth medium (Medium 199
plus 10% FSC) for 24 hours at 31'C and 5% C02.
Inoculation of vero cells with Edmonston Strain Measles Virus was then performed
by removing the previous medium and adding 300ul (microlitre) (3x10^ ) stock
measles virus infected vero cells into each flask. The cells were allowed to absorb the
virus with 10ml growth medium in each flask at 37°C and 5% C02 for at least 2 hours.
Then the volume of the medium in each flask was topped up to 50ml with maintenance
medium (Medium 199 plus 0.5% FCS). The infected monolayer cultures were grown
at 3TC and 5% C 0 2 for 24 to 48 hours when cytopathic effects (CPE) - syncytia and
giant cells - were observed in 50% of the ceUs.
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Both measles virus infected vera cells and uninfected vero cells were harvested by
scraping the cells off the culturing plate and collecting into sterile universal tubes. The
cells then were washed with Dulbecco A solution twice and stored at -70°C until
assayed.

RNA EXTRACTION FROM LYMPHOCYTES AND VERO CELLS.
Three methods have been used.
1 .Guanidine Hydrochloride ExtractionF103].
A simplified , microadapted modification of existing guanidine hydrochloride
extraction procedure was used according to Cheley, et al [103].
Ix 106 cells were solubilized by the addition of 1ml of 7.6M guanidine-HCl in
O.IM potassium acetate buffer pH 5. The mixture was homogenized by aspiration 5
times using 1ml sterile plastic syringe with a 21-gauge needle. Samples were
transferred to sterile 4ml tissue culture plates, mixed with 0.6 volume of 95% ethanol,
precipitated for 12 hours at -20°C and then centrifuged for 20 minutes at 5000g.The
supernatant was discarded. Then the RNA pellet was obtained.
2. Acid Guanidium Thiocvanate - Phenol - Chloroform Extraction (AGPC) [104].
Reagents:
Solution D (denaturing solution): 4M guanidium thiocyanate, 25mM sodium
citrate pH7.0, 0.5% sarcosyl, O.IM 2-mercaptoethanol.
2M Sodium Acetate, pH4.
Phenol with 0.1% 8-hydroxyquinoline and saturated with O.lM-l.OM TrisHCl buffer pH8.
Chloroform-Isoamyl Alcohol mixture at 24:1 proprotion.
Ether saturated by water.
Isopropanol.
75% Ethanol.
0.5% Sodium Dodecyl Sulphate (SDS).
Method.
The modified RNA extraction technique of
performed.
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Chomczynski et al [104] was

After isolation of lymphocytes and harvesting vero cells, the cells were aliquoted at
3x10*6 cells in each eppendorf tube. They were centrifuged at 500g for 2 niinutes. The
supernatant was discarded.
1). Extraction.
3x 10^ cells were homogenized with 500 ul Solution D . Sequentially 50 ul 2M
sodium acetate pH4, 500 ul phenol and 100 ul chloroform-isoamyl alcohol mixture
were added to the homogenate, with thorough mixing by inversion after the addition of
each reagent. The final suspension was shaken vigorously for 10 seconds and then
cooled on ice for 15 minutes. The samples were then centrifuged at 10,000g for 20
minutes at 4°C. After centrifugation, RNA was present in the aqueous phase whereas
DNA and proteins were present in the interphase and phenol phase.
The aqueous phase was transferred to a fresh eppendorf tube. 1 volume of watersaturated Ether was added and mixed in order to remove contaminated phenol residues.
The mixture was left at room temperature for 10 minutes and the upper ether-phase was
then discarded.
2). Precipitation.
The aqueous phase was then mixed with 1 volume of isopropanol and left in -20 C
for at least one hour, or overnight, to precipitate RNA.
3). Reprecipitation.
After the first precipitation, sedimentation at 10,000g for 20 minutes was again
performed and resulting RNA pellet was dissolved in 150ul Solution D and reprecipitated with 1 volume of isopropanol at -20'"C for one hour.
4) Washing.
After centrifugation for 10 minutes at A'C , the RNA pellet was resuspended in 50 ul
75% ethanol.
5). Solubilization.
The RNA pellet was sedimented vacuum dried for 15 minutes and then dissolved in
20 ul 0.5% SDS

at 65^3 for 10 minutes. Then the quantity of extracted RNA was

measured with spectophotometer.
The RNA preparation can be used for further analysis.
3. Lithium Chloride/ Urea Extraction [1171.
Reagents:
PBS.
4 M LiCl: 8M Urea solution: made as follows: 42.4g lithium chloride, 120g
urea, 4.17ml 3M sodium acetate pH5.2, make
up to 250ml with autoclaved distiled water.
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3 M LiCl: 8M Urea solution: made as follows; 30ml 4M LiCl: 8M Urea
solution, 0.16ml 3M sodium acetate pH5.2,
0.4ml 10% w/v SDS, make up to 40ml with
autoclaved distilled water.
10 xTES buffer: 30g Tris-base, 50ml 0.5M EDTA pH8.0, and 2.5g SDS,
make up to 250ml with autoclaved distilled water.
Chloroform.
Phenol with 0.02% S-hydroxyquinoline and saturated with 1 TES buffer.
Method:
The technique was performed according to Darbre[117].
1ml of 3M LiCl:6M Urea solution was added for each 10^ cells in the eppendorf
tube and the cells lysed by vortexing. They were stored at 4 C for at least 5 hours or
overnight for RNA precipitation.
Then the RNA precipitate was centrifuged at 10,000g at 4°C for 20 minutes. The
aqueous solution was poured off and the RNA pellet was washed in 1ml of 4M
LiCl:8M Urea solution.
The RNA was dissolved in 0.5ml IxTES buffer and heated to 65 C in water bath
for 5 minutes, and then cooled.
The RNA solution was then extracted with an equal volume of Phenol: Chloroform
(1:1) mixture. The phases were separated by centrifugation at VOOOg for 10 min. at 4°C.
The upper aqueous layer was removed to a clean fresh eppendorf tube and then it was
extracted again with equal volume of chloroform alone.
To the final aqueous phase, 1/10 volume of 3M potassium acetate (pH5) was added
and mixed. Then 2 volume of ice-cold 100% ethanol was added.The RNA was
precipitated at -ZO'C for overnight. The RNA pellet was obtained by centrifugation at
10,000g at 4''C for 20 minutes. The ethanol layer was discarded. The RNA pellet was
washed in 70% ethanol and then lyophilized.
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RNA DOT - BLOT
Reagents
20 X SSC ( Standard Saline Citrate): 3M Sodium Chloride, 0.3M Sodium
Citrate; pH 7.
15% Formaldehyde;
Method
RNA pellets (1-10 ug ) were dissolved in 250 ul 15% formaldehyde to which were
then added 250 ul 20 x SSC. Samples were heated for 15 minutes at 50°C to denature
the RNA and immediately chilled on ice.
500 ul (naicrolitre) aliquots of the samples and of serial dilutions (in 10%SSC) were
spot-blotted on to a Nylon filter (Hybon membrane, RPN203N, Amersham's) which
was cushioned inside a dot-blotting apparatus (Bio Rad). The nylon filter had been
previously equilibrated with lOxSSC buffer. The RNAs were bound onto the
membrane by vacuum aspiration of the liquid from the apparatus. The blotted nylon
membranes then were baked for 2 hour at 80 C. The oven baking made RNA blots
fix on the membrane by crosslinking. The RNA dot-blots were then ready for
hybridization.

30

NORTHERN BLOTTING.
A transfer technique, Northern-Blot, has been used to localize different RNA
segments. First RNA fragments were denatured and separated according to molecular
size by electrophoresis through agarose gel. Then, separated RNAs were transferred to
a nylon filter and immobilized. The relative positions of the RNA fragments in the gel
are preserved during their transfer to the filter. The RNA attached to the filter is then
hybridized to radio labelled DNA probe.
1 RNA Electronhoresis In Agarose Gels Containing Formaldehvdet'1121.
A denaturing system for RNA electrophoresis was used. Formaldehyde gel was
applied to denature the RNA molecules for Northern Blotting.
Reagents
(1) 20 X MOPS buffer: MOPS (3-(N-morpholino)propanesulfonic acid) 400mM;
Sodium Acetate lOOmM and EDTA 20mM, titrated to pH 7.0 with IM NaOH.
(2) Sample loading buffer: 100 ul formamide, 30 ul formaldehyde and lOul 20xMOPS
buffer.
(3) Agarose.
(4) 40% Formaldehyde.
(5) Gel washing buffer: IM glycine; 25mM Tris-HCl (Tris(hydroxymethyl)aminomethane hydrochloride)pH7.5; and ImM EDTA.
(6) TE buffer: lOmM Tris-HCl, ImM EDTA pH7.5.
(7) The RNA samples being northern transferred were that extracted with AGPC
method.
Method! 1121.
1.4% agarose with 1 x MOPS buffer and 3% (IM) formaldehyde was made up:
Using a mini-electrophoresis chamber, 0.7g agarose in 43.75ml distiled water was
boiled for 5 minutes until the agarose was completely dissolved, then 2.5ml of 20 x
MOPS buffer and 3.75 ml of 40% formaldehyde were added.
The gel was poured into the 6.5 x 10 cm gel tray at about 0.5 cm thickness. The
well-forming comb was clamped immediately into position near one end of the gel, the
teeth of which will form the sample wells. There should be l-2mm between the bottom
of the teeth and the base of the gel tray. The gel was left at room temperature for at
least 30 minutes until it set.
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To 1-20 ug RNA pellet, 10 ul loading buffer were added and heated at 60 C for 2
minutes. Then Orange G dye 5 ul were added. The RNA samples were loaded in each
well at cathod.e end of the gel.
RNA were electrophoresed at 70-80 volts in 1 x MOPS buffer with 3%
formaldehyde until the orange G dye migrated across 3/4 of the gel.
To check the separated RNA bands in the gel, Ethidium Bromide staining was
applied. This requires inactivating or removal of the formaldehyde. As RNA gel can not
be transferred to a membrane and analysed after ethidium bromide staining, the RNA
samples were loaded on gel in duplicate and one side slice of each gel was cut off for
staining.
The staining side gel was washed for at least 60 minutes with the washing buffer,
then stained with ethidium bromide at 250ng/ml in TE buffer for 60 minutes with gende
shaking and destained for 30 minutes in TE. Then the gel was photographed on a UV
transiUuminator using a Polaroid type 665 PN film.
2. Capillarv BlottinsFl 121.
With the remainder of the gel, a capillary blotting system was set up to transfer
RNA from the gel to Nylon membrane.
20 X SSC buffer as blotting buffer, was fiUed into a tray and a platform covered
with a wick made from 2 sheets of Whatman 3MM filter paper saturated with the
buffer, was put into the blotting buffer. The gel then was placed on the wick on the
platform with its lower surface uppermost and surrounded with cling film to prevent the
blotting buffer being absorbed directly into the paper towels above. A sheet of Hybond
nylon membrane(Hybond-N, RPN-203N, Amersham) at the exact size of the gel was
then put on the top of the gel. Any trapped air bubbles beneath either the filter or gel
were expelled. After this, 3 sheets of 3MM Whatman filter paper cut to size and wetted
with blotting buffer were placed on top of the Hybond nylon membrane. Then a stack
of absorbent

paper towels was put on . Finally

0.5 kg weight pressure was

applied. (Fig.3). The capillary transfer was completed within 12 hours, or overnight.
After blotting, the northern blots was allowed to air dry and then baked in an oven
for 2 hours at SO'C to fix the RNA blots onto the Hybond-membrane.
3. A Modified Northern Blot Bv ElectroblottinsF 1021.
(1) RNA Electrophoresis in Agarose Gel Containing Less Formaldehyde.
According to Foumey et al,[102], the RNA preparation was subjected to gel
electrophoresis in 1.4% agarose in 1 x MOPS buffer and 0.66M (1.98%) formaldehyde
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which is nearly half of that in the method above[112]. The RNA electrophoresed in
presence of ethidium bromide in the sample. The RNA loading buffer contained 0.75ml
formamide, 0.15ml lOxMOPS, 0.24ml formaldehyde, 0.1ml H20, 0.1ml glycerol and
0.08ml 10%(w/v) bromophenol blue. To each RNA sample in 25ul loading buffer,
lul of Ing/ml ethidium bromide was introduced.
Other steps were the same as in the method above[112]. After electrophoresis the
RNA bands can be visualized directly under UV-transilluminator.
(2). Electroblotting.
The gel was then washed in 10 xSSC at room temperature for 2 x 20 minutes after
electrophoresis. Then the electro-blotting was set up as following;
5 xTBE (per Litre: TRIS(base)54g, Boric Acid27.5g, 0.5MEDTA20mlpHS.O)
was used as blotting buffer. One sheet blotting paper pre-wet in 5 xTBE was placed on
the anode-plate and a nylon membrane was layed on. The gel was put on top of the
nylon membrane with the well-side upmost, then other two sheets of blotting paper
were placed on the top of the gel. Finally the cathode-plate was pressed on. The
transfer was run at 0.5Am (7v) for 3 hours. The ethidium bromide in the sample
migrated towards the cathode onto the blotting paper, whereas RNA migrated
downwards to anode on the nylon filter.
The blotted filter was then baked at 80° C for 2 hours.
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Fig.3. Northern Transfer By Capillary Blotting.
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MEASLES VIRUS GENE PROBES AND THEIR LABELLING.
1. 50-Base Oligonucleotide DNA And 3'-End Labelling.
A 50-base oligonucleotide DNA probe complementary to measles virus nucleocapsid
genome, which is synthesized in vitro by synthesizer, has been used for dot-blot
hybridization and in situ hybridization.
The oligonucleotide is complementary with Measles Virus plus sense nucleocapsid
gene from position 1006 to 1055 [35]. The base order is: 3'AAGTT CAAAC CTCCC
ATGGA GTTTT CAAGT TCCAC TCCTA CTCCC ATGGC 5'.
3'-end labelling technique was employed

in which the enzyme terminal

deoxynucleotidyl transferase (abbreviated to terminal transferase) was used. It catalysis
the template - independent polymerization of nucleotides (XTP) onto any
polydexoynucleotide primer (pdY) of more than 3 residues in length. It can add several
residues to the 3'-end. Using [a-32P] ddATP or other radioactive ddATP, such as
[35S ]-ddATP, in the terminal transferase reaction ensures that only one residue is
added to the 3'-end

2,3-Didexyoadenosine5 ' - [ a - 3 2 P ] triphosphate
(ddATP)

2,3-Didexyoadenosine5'-[a-35S] triphosphate
NH2

NH2

6[ >

O
O
II
HO-P-O-P-0-P*-OCH2
I
I
I
^ O ^
OH OH OH
O

II

H

H

H

H
O

O

II

II

H0-P-0-P-0-P-0CH2

I

OH

H
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I

OH OH

The Amersham 3'-end Labelling Kit was used. 10 pmoles(pico-moles) of 3'- end
oligonucleotide probe, 17 pmoles of label - [cx- 32P] ddATP 50 uCi (or [cx-35S]
ddATP) and 10 units of terminal transferase were incubated for one hour at 37°C. The
reaction was terminated by adding 10 ul of 0.2M EDTA to chelate essential metal ions.
Thus, the 50-base oligonucleotide probe was labeled to a specific activity of
approximately 8.0 x 10^ dpm/ug.
The labelled oligo DNA probe was then purified by using NENSORB - 20 Nucleic
Acid Purification Cartridge (DuPont Ltd. NENproducts). The cartridge contained
nucleic acid purification sorbant resin. First, the resin was preequilibrated by washing
with 2ml of 100% methanol and 2ml of reagent A (O.IM Tris-HCl, lOmM
Triethylamine(TAE), ImM EDTA, pH7.7). The labeled DNA probe was loaded on the
resin - bed in 200 ul of reagent A and eluted through the column at a rate of one drop
per second until the liquid level reached the top of the resin bed. All nucleic acids and
proteins were bound to the resin, while salts, low molecular weight material and
solvent flowed through the cartridge. Then the bound nucleic acid probe was washed
with 2ml of Reagent A and 2ml of distiled water . Finally, the purified nucleic acid
probe was eluted from the column bed with 50% methanol. The effluent was collected
in 200 ul fractions in Eppendorf tubes. The labeled DNA probe was recovered in the
first and second fractions which were the most radioactively hot. After lyophilization,
the oligonuleotide DNA probe was ready for hybridization.
2. Cloned Measles Virus Genes cDNA Probes and Random Priming Labelling.
The cloned cDNA sequences corresponding to the different genes coding for the N
(nucleocapsid protein), P (phosphate protein), M (matrix protein), F (fusion protein)
and H (hemagglutinin) of Edmonston strain measles virus were provided by Dr.
Kalland in Bergen, Norway, which were prepared from a cloning system involving
insertion of MV gene cDNA into a plasmid vector , transformation of bacteria host E.
coli, and excision of the cloned cDNA from the vector by using Pst-I restriction enzyme
and electrophoresis. Each of five MV genes cDNA fragments was double-stranded and
contained both plus and negative sense strands.
N gene cDNA probe was 1500-base nucleotides; P cDNA was cleaved into 3
fragments: fragment I 475-base nucleotides(position 139-613), 603-base long(6141216) in fragment II and 400 bases in fragment 111(1216-1615); M cDNA was 400b
nucleotides; F cDNA was two fragments, one was 850b nucleotides, the other was
very short; H cDNA was about 1100b nuleotides fragment.
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Multiprime DNA Labelling Systems (Amersham, RPN 1600Y) was used for
radioactive labelling of the cloned cDNA measles virus probes. This technique is to use
random sequence hexanucleotides to prime DNA synthesis on denatured template DNA
at numerous sites along its length.(Fig.4). The "klenow" fragment of DNA polymerase
1 was applied in this reaction, as which only has 5-3' polymerase activity lacking the
5-3' exonuclease activity.
A labelling protocol from Amersham was followed. The MV cDNA gene probe was
dissolved in distiled water about 90ng/10 ul in an eppendorf tube and denatured by
heating to 100°C for two minutes in a boiling water bath, then chilled on ice.
Sequentially the following reagents from 'Multi-Prime DNA Labelling Kit
(Amersham, RPN 1600Y), were added; 4 ul of each unlabelled dATP, dGTP and
dTTP; 5 ul of concentrated reaction buffer (containing Tris-HCl pH7.8, Magnesium
Chloride and 2-mercaptoethanol); 5 ul of random hexanucleotides (in an aqueous
solution containing nuclease-free BSA); 5 ul of [a-32P]-dCTP (17pmol, 50 uCi,
average specific activity ~ 3000Ci/mmol. PB.10205,Amersham), or 2ul of [a-35S]dCTP, and 2 ul (2 units) DNA polymerase 1 "Klenow" fragment. The final reaction
volume was topped up to 50 ul with o. 1 % DEPC(diethylpyrocarbonate) treated distiled
water. The incubation was performed at room temperature , or 20 °C , for at least 5
hours or overnight. By that time the incorporation rate of [a-32P]dCTP exceeded
60%.
To remove unincorporated label, gel filtration was applied. The labelling reaction
mixture was loaded directly onto a 10cm column of Sephadex G-10 or 50 which was in
TE solution at the concentration of Ig G-50 in 3.5ml TE buffer. Elution was carried
out with 0.1% SDS in TE buffer. Collected fractions in 200 ul aliquots were then
measured for radioactivity using a [3—emits monitor.The first radioactivity peak
corresponded with labeled DNA fragments. The second peak was unincorporated
nucleotides. The labeled MV cDNA probes were selected then lyophilized. The specific
radioactivity of

[a-32P] labeled DNA by the random priming method was 1.7*

10^ dpm/ ug.
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FILTER HYBRIDIZATION ANALYSES.
1. RNA Dot-Blot Hybridization With 50-base Oligonucleotide DNA ProbeReagents
Hybridization Solution: 50% Formamide;
50mM HEPES (N-2-hydroxyethylpiperazine-N'-2ethanesulfonic acid).
3 xSSC (0.45M NaCl, 0.045M NaSCitrate);
0.02% each of Ficoll, Polyvinylpyrrolidone and
Bovine Serum Albumin(BSA);
0.1% SDS in 2mM NaOH;
100 ug/ml Salmon Sperm DNA (being previously
denatured by boiling in water bath for 5
minutes);
250 ug/ml Yeast RNA;
2 xSSC: 0.3M NaCl, 0.03M NaSCitrate, pH7.
Method
The RNA extracted using the Guanidine-Hydrochloride method was hybridized with
[a-32P]-ddATP 3'-end labelled 50-base oligonucleotide DNA probe. The procedure
was followed according to Cheley[103]. The dot-blots were pre-hybridized in the
hybridization solution at 42°C for 2 hours. Then, the labeled probe was added into the
reaction and hybridization was carried out at 42 C overnight.
The membranes were then washed with 2xSSC and 0.2% SDS solution for 15
minutes at 42^0 twice, air dried and were then ready for autoradiography.
2. Northern-Blot and Dot-Blot Hybridization With Cloned cDNA Probes.
Reagents.
20 xSSPE buffer; 3.6M NaCl, 0.2M Na2HP04, 0.02M EDTA pH7.7.
Hybridization Solution: 50% Formamide,
5 xSSPE buffer;
0.1% dried milk powder;
0.2% SDS.
Washing buffer: 0.2% SDS in 0.2 xSSC,
Rewashing buffer: 0.1% SDS in TE(10mM Tris-HCl, ImM EDTA pH7.5).
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Methodril21.
The RNA, extracted using AGPC method. Northern blots and dot blots were used
in the probing. 2-4 blots were prehybridized in the hybridization solution at 42°C for
two hours in a sealed plastic bag.
Then the [a—32P] dCTP random priming labeled cloned MV gene cDNA probe was
added into the plastic bag and hybridized overnight with gentle shaking.
After hybridization, the blots were washed in 100ml washing buffer, initially at
room temperature for 30 minutes with shaking; the second time with changed buffer at
60 "C for 30 minutes. In order to reprobe the blots with different gene cDNAs, the blots
had to be kept wet. They were wrapped in cling fikn during autoradiography.
For reprobing, the blot membranes were washed in the rewashing buffer at 80°C for
15-20 minutes to remove radioactive probe and then they were checked by
autoradiogrophy.The reprobing of different cDNA probes was carried out with the
exactly same procedure as before. All northern blots and dot-blots have been probed
five times with N,P,M,F and H probes respectively.
3. Autoradiography.
[32P] radioactively labelled nucleic acids present on filter were visualized by
exposing the filter, which was kept wet and covered in cling film, to Kodak X-Omat
AR film at -TO'C for 16-48 hours in a metal cassette with an X-Omatic regular
intensifying screen.

IN SrrU HYBRIDIZATION OF LYMPHOCYTES.
1. Preparation of Slides.
The organosilane treatment of glass microscope slides , according to
Tourtellote[105], was performed in order to adhere cells to the slides.
Slides were washed for 20 minutes in IM HCl, rinsed with water, then dehydrated
in absolute ethanol and wiped clean.
Denhardt coating was applied overnight at room temperature followed by fixation in
ethanol ; acetic acid (3 : 1), then acetylated by 10 minutes soaking in O.IM
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triethanolaniine (pH8.0) with acetic anhydride at 5ml per liter and dehydrated in a
graded ethanol series.
Denhardt coated slides were then silanated as follows: slides were left overnight in
1.0% (v/v) solution of the organosilane, gamma-aniinopropyltriethoxy silane (pH3.45)
at 70°C and were then extensively washed in water and baked at 100°C overnight.
Slide activation was accomplished using a 10% glutaraldehyde solution diluted in
PBS for 30 minutes at room temperature followed by a brief rinse with water. Activated
slides were stabilized by treatment with O.IM sodium meta-periodate for 15 minutes at
room temperature and rinsed with PBS, and air dried.
The slides were then ready for use.
2. In Situ Hvbridization of Lvmohocvtes.
Reagents
Hanks' Balanced Salt Solution (SIGMA, H6136).
4% Formaldehyde;
PBS;
Pronase (proteinase E);
Hybridization Solution; lOmM Tris-HCl (pH7.4),
50% Formamide,
600mM Sodium Chloride,
0.2% each of FicoU, Polyvinylpyrrolidone and
BSA.
lOmg/ml Yeast RNA,
100 ug/ml Salmon-sperm DNA (being previously
denatured at lOO'C for 3 minutes).
Washing buffer: 0.3M Sodium Chloride and 0.03M Sodium Citrate (pH7.4).
Ilford K5 Emulsion.
Kodak D 19 (Developer 19).
Method
The In Situ Hybridization procedure was performed according to Foumier[106].
After the lymphocytes were isolated from peripheral blood of patients with AICAH,
the cells suspension at about 0.5 x 10^ /200 ul in Hanks' Balanced Salt Solution was
deposited on pre-treated slides using a Shandon-ElUot Cyto-centrifuge.
Cell preparations were air dried and fixed for 30 minutes with 4% formaldehyde in
PBS (pH7), and dehydrated through 70%, 90%, and 100% ethanol series.
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Then the cell preparations were treated with 0.01% - 0.5% pronase (proteinase E )
in 50mM Tris-HCl (pH7.4) and 5mM EDTA for 2-10 minutes at 37'C then they were
washed with 50mM Tris-HCl (pH7.4) and 5mM EDTA and dehydrated through
ethanol series.
Thus, the cells were hybridized under a sealed coverslip, which had been
siliconised, in the hybridization solution with

[a-35S]-radio labeled 50-base

oligonucleotide probe at 0.5 pM/lOul on each slide, or cloned MV cDNA probe at
2.5ng/10ul on each slide respectively. The random priming labelled cloned MV cDNA
probes had to be denatured by boiling for 5 minutes before hybridization.The
hybridization was performed at 3TC for 24 hours. Then the slides were extensively
washed four times for 15 minutes each and once overnight at room temperature in the
washing solution followed by dehydration.
Autoradiography was applied by coating the slides with Ilford K5 emulsion diluted
at 50% in distiled water at 45°C in a dark room and then air-dried for one hour.
Exposure proceeded at 4°C for one week.
The slides were then developed in Kodak D19 (full strength) for 3 minutes, washed
briefly in distiled water, fixed for 5 minutes in 30% sodium thiosulphate and washed
for 30 minutes in running tap water.
The slides were stained in Haematoxylin for 2 minutes and dehydrated again
through series alcohol and xylene. Finally they were mounted in DPX mountant (a
synthetic, neutral, colourless mounting medium contains 80% xylene. BDH). The
nucleic acid hybrids within the lymphocytes on the slide were read under lightmicroscope.

RNA-PCR (POLYMERASE CHAIN REACTION)
The polymerase chain reaction and reverse transcription were tried to trace MV
RNAs in lymphocytes of AICAH patients, in which the MV persistent RNA was
presumed to be too little amount to be detected with ordinary procedures.
1.Reverse Transcription [119].
Reverse transcription was carried out before PCR according to Hart et al [119]. The
total RNA from Ix 10^ lymphocytes, or 10^ MV-infected vero cells were in lOOul
containing 50mmol/L Tris (pH8.3), 6mmol/L MgC12, 40mmol/L KCl, Immol/L
dithiothreitol,

200pmol each of the primers*,

75nmol each of four

deoxyribonucleoside triphosphates and 2.5 units of reverse transcriptase from avian
myeloblastosis virus (SIGMA, R9370), incubated at 37°C for one hour.
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( *The primer 1: 5'TTGGAGAGAAAATGGTTGGATGTGG 3', 631-655 plus
sense from MV NP gene; the primer 2: 5'GATCACCCTGTAGAAATGATACTTG 3',
1246-1270 minus sense from MV NP gene [35].).
2.PCR.
The complementary DNA product from reverse transcription was amplified by PGR
with the addition of 2.5 units of thermoresistant Taq DNA polymerase (The GeneAmp
DNA Amplification Reagent Kit, PERKIN ELMER CETUS, No. N801-0043). The
PGR, 25 cycles, was carried out with a "DNA Thermal Cycler' (Perkin-Elmer Cetus).
Each cycle contained 3 minutes at 37°C, 4 minutes at 72'C and 2 minutes at 94'C. Then
the cDNA was extracted with chloroform.
3. Restriction Endonuclease Digestion.
The amplified cDNA fragment was obtained by excision with restriction
endonuclease Apyl (from arthrobacter pyridinolis) 2 units at 37 "C for 2 hours. The
reaction was stopped by addition of 0.5M EDTA (pH7.5) to a final concentration of
lOmM.
4. Southern Blotting Analysis.
The amplified cDNA was analysed directly on the agarose gel, then transferred to
nylon filter by capillary blotting. The blotted filter was hybridized with [ 32p] random
priming labelled cloned MV NP gene cDNA probe.

LITERATURE SURVEY ON THE MEAN AGE INCIDENCE OF AICAH
PATIENTS.
A epidemiological survey on the mean age of AICAH patients at the onset by
reviewing the literature published from 1950 to 1987 has been carried out aimed at
looking into the changing tendency of the mean age and comparing the difference
between 1950-1969 group and 1970-1987 group as 1969 was the year when measles
vaccine began to be largely introduced into the UK,
Material
200 articles published from 1950 to 1987 in the subject of AICAH in English
language were reviewed. In 125, the age of onset could not be determined accurately,
and these were excluded from analysis. 75 reported 2,333 cases with details on
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patients' age (see the details in the 'Appendix') The regions involved were mainly
Britain, and also the USA and the Australia, Europe, etc.

Methods.
1. The Mean Age of Each Year.
2,333 cases from 1950 to 1987 with patients' age enabled us to obtain the mean age
of diagnosis of the patients during the year of publication.
The mean age:

X

The Standard Deviation: S = ^

^^ ^

ZXi2 - (EXi)2/n

(see Table 2)
2. Correlation of the mean ages and years.
Simple fit the mean ages from 1950 to 1987 using Simple Linear Regression:
Regression equation: Y=a+bX,
X(xi-

( b-regression coefficient)
x)(yi -

y)

b =

,

E(Xia = y - bx ,
(see Fig.21 in Result Part)

The Correlation Coefficient:
Z(xi -

x)(yi-

y)
_= 0.59

r =
x)2.;£(yi-

y)2

Significance test for r:
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P< 0.01

(From : Table 11-2 "An Introduction to Medical Statistics" P208 'Tow-side 5% and
1% points of the distribution of the correlation coefficient r, under the null
hypothesis.').

3. Rank Correlation;
Using the Wilcoxon Rank Sum Test to test the significance of the difference
between the mean ages of group 1 patients from 1950-1969 and group 2 patients from
1970-1987.
mean age
(31 (1950-1969) 10 14 19 23 26 27 28 30 30 30 37 42 48 53 (n=14)
G2 (1970-1987) 23 27 30 35 37 39 40 41 42 42 44 48 56 59 60 61(n=16)

Take them in rank:
ranks 1

2

3

4.5

6

7.5

9

11.5

11.5

11.5

01

14

19

23
23

26

27
27

28

30
30

30

30

10

02

ranks 17
01
02

18

19

21

21

23

42
39

40

41

42

42

44

26

48

53

The sum of ranks of smaller group (n=14):

15.5
37

35

24.5

48

14

37

27

28

29

30

56

59

60

61

Tl=154.5

Looking up the 'Table of Wilcoxon Rank Sum Test For Two Groups in
Independent Samples of Observations' ("A Short Textbook of Medical Statistics" Sir
Austin Bradford Hill P316-317):

P < 0.01

Therefore, there is a significant difference between the mean ages of two groups of
patients with AICAH.
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Table 2

THE MEAN AGES OF PATIENTS WITH AICAH
FROM 1954-1987

YEAR

YEAR

MEAN AGE
(number of patients)

MEAN AGE
(number of patients)

1954

30(7)

1970

27 (13)

1955

19(57)

1971

39.4(59)

1956

23(29)

1972

36.7(179)

1957

30(83)

1973

48 (108)

1958

30(36)

1974

42(33)

1959

14 (6)

1975

61.3(50)

1960
1961

11 (25)
48.5 (9)

1976
1977

56 (74)

1962

26(102)

23(26)

1963

27 (38)

1978
1979

1964
1965

28 (20)

1980

61(16)

1966

36.6(92)

1982

44(150)

1967

42.5(38)

1983

41.4(159)

1968

53.5(4)

1984

59(209)

1985

40 (218)

1986

42 (197)

1987

35 (104)

30(78)

1981

1969

TOTAL NUMBER
OF PATIENTS

546

MEAN AGE

29

1954 - 1968

(s.e.= 3 )

TOTAL NUMBER
OF PATIENTS
MEAN AGE
1970 - 1987

(Total Number Of Patients ; 2219 ).
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1673
44
(s.e.= 3.4)

FLOWCHART OF HYBRIDIZATION EXPERIMENTS

Isolation of Lmphocytes

in situ hybridization

Extraction of RNA

direct Dot Blot on
to Nylon filter

RNA electrophoresis
in agarose/formaldehyde gel

Capillary blot
to Nylon filter

EB-staining

1r
visualized under
UV-transilluminator

Fixation of RNA on Nylon filter
by baking (80 C)

hybridization with [32P]labelled MV gene DNA probes

autoradiography

Fig.5. Flowchart of Nucleic Acid Hybridization Experiments.
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RESULTS

1. RNA Extraction and Electrophoresis.
RNA extracted using Guanidine-Hydrochloride method[103] could not be separated
and analysed after electrophoresis in agarose gel.
Fig. 6 shows the result of electrophoresis of the RNAs in agarose gel using other
two different methods:
AGPC method and LiCl/Urea method: Lane 1 and 2 were the RNA using AGPC
technique from 10^6 cells. Lane 3 and 4 were the RNA using LiCl/Urea technique from
10^6 cells.
It is clear that the amount of extracted RNA in lane 3 and 4 is much less than the
RNA in lane 1 and 2. This indicated that AGPC extraction is more efficient and more
effective to preserve much RNA in quantity during extraction from biological sources
and presents more signals of RNA bands in the electrophoretic bands.

2. RNA of MV Infected and Non-infected Vero Cells Dot Blot and Northern Blot
Hvbridization.
1-1 Dot Blot Hvbridization With 50-base Oligonucleotide DNA probe of MV
Nucleoprotein Gene.
The 32P-labelled 50-base oligo DNA probe of MV gene for nucleoprotein gave
strongly positive hybridization reactions with the RNA of MV infected vero cells and
negative reactions to that of non-infected cells (Fig. 7).
1-2 Dot Blot and Northern Blot Hvbridization with 5 Cloned MV Gene cDNA Probes.
The RNA of MV infected vero cells dot blots have shown strong positive
hybridization reactions with all 5 cloned MV gene cDNA probes whereas the noninfected vero cells showed negative results (Fig.8-12 A).
In Northern blots, the denatured RNAs were separated by electrophoresis in
agarose gel.

Fig. 13 showed that the total RNAs of vero cells both infected and non48

infected were separated to 7 individual bands according to different molecule sizes:
15kb, 5kb, 2kb, 1.5kb, 0.5kb, 0.3kb and 0.1 kb (Fig. 13).
Hybridization of the northern blots from MV infected vero cells with 5 different
cloned MV gene cDNA probes all showed positive bands at 15kb , 5kb and Ikb, and
strong intensity positive bands at 1.8kb with P, N and M genes respectively; at 2kb
with H and 3kb with F gene (Fig. 15-19 A). Fig. 15-19 A also showed that there is a
gradient positive signals due to different amount of RNA loaded on gel, from track 1 to
track 4 they were 20 ug, 10 ug, 5ug and lug. Thus, it can be seen that lug RNA is
sufficient to indicate the clear positive signal.
Northern blots from non-infected vero cells RNA showed entirely negative
hybridizing reactions to any of the cloned gene probes (Fig. 15-19 A, tracks 5-8).

3. RNA From Lvmphocvtes of AICAH Patients Dot Blot Hvbridization With MV 50Base Oligonucleotide DNA Probe.
The dot blot hybridization provides a rapid and less time consuming determination
of the presence of specific RNA in samples than northern

blot analyses. A direct

blotting of RNA to "spots" or "dots" on nylon membrane was made. The spotted filter
was then hybridized with the [32P] 3'-end labelled oligonuleotide DNA probe of MV
NP gene. 18 patients with AICAH and 45 controls, which consisted of 9 healthy
adults and 36 other liver diseases and other diseases (Table 3) have been tested.
Table 3
Diseases/Controls

number female male age-range mean-age

Autoimmune Chronic Active Hepatitis

18

15

3

33-82

53

Alcoholic Liver Disease

8
2

3
2

42-79
55-78

55

Cryptogenic Cirrhosis

11
4

Primary Biliary Cirrhosis

3

1

2

Sclerosing Cholangitis

1

Inflammatory Bowel Disease

8

5

SLE

3

3

Ischaemic Heart Disease

5

1

Acute Measles Convalescent

1

1

49

1
3
4

42-83
46

63
51
46

21-53

34

22-79

51

42-72
40

50
40

30

24-34

Healthy adults

Positive hybridization reactions were found in 12 of 18 patients with AICAH and in
4 other subjects:

one measles convalescent who was in the convalescence of one

month after acute measles;

2 cryptogenic cirrhosis and one SLE patient.

9 healthy controls and other controls were negative reactions for the hybridization
(Fig.7).

4. Lvmphocvtes RNA Dot Blot Hvbridization With Five Cloned MV Gene cDNA
Probes.
Oligonucleotide DNA probe hybridization was performed as a screening test. Then
the lymphocytes RNA of AICAH patients were further probed to the cloned different
MV gene cDNAs.
Table 4 was the results of RNA, extracted by AGPC method, dot blot hybridization
to 5 MV gene clones.
Table 4
*RNA hybridization results with
No. AICAH patients

sex

age

NP

F

H

1.
2.

L.R.
M.W.

f
f

54
57

-

+

+

++

3.

E.M.

f

63

-

++
+

+
+

++
++

4.
5.
6.

W.C.
D.H.
E.W.

f
f

65
73

-

+

+

+

+

+

++

f

76

+

H—h
+

+

7.

F.B.

f

62

+

+

+

—h
+

+
++

8.

J B.

f

60

E.T.

f

74

+
-

+
-

-+
-

+

9.

+
-

10. S.B.

f

47

+

+

+

+

+

Control Patients:
11. A.S.

m

61

(nonA nonB Hepatitis)
50

M

P

++

12. C.R.

m

70

(Obstructive Jaundice, Pancreatitis)
13. T. O S.

m

56

(Hepatic Encephalopothy)
14. R.H.

m

44

(Alcoholic Liver Disease)
15. M.B.

f

56

(Cryptogenic Cirrhosis)
* +, ++ or

indicated the intensity of the signals.

10 AICAH patients were probed with 5 cloned MV gene cDNAs. 9 of them had
positive hybridizing reaction at least with 3 probes. Among these 9 patients, as shown
in Table 4, five (No. 5,6,7,8,10) had positive reactions with all 5 gene cDNA probes
although the hybridization signals to M gene were weak in patients No.6 and No.8.
Four patients (No. 1,2,3,4) presented positive reaction with F, H and P gene probes
while negative with NP and M gene cDNA probes (Fig.8-12 B).
These results were in contrast to that strong positive hybridizations of RNA from
MV infected vero cells with all 5 different gene probes and to that negative results of
control RNA samples from other forms liver diseases (Fig.8-12 C ). 5 control patients
with other forms liver diseases and one AICAH patient (No.9) showed all negative
hybridization reactions with any of the MV gene clones.

5. Lvmphocvtes RNA Northern Blot Hybridization With 5 Cloned MV Gene cDNA
Probes.
Agarose gel resolution pattern of total RNA isolated from lymphocytes by the
AGPC method is shown in Fig. 14.
RNA of lymphocytes electrophoresed through the 1.4% agarose gel containing 3%
formaldehyde and were separated to different RNA bands according to different
molecule sizes which were ethidium bromide stained. (Fig. 14). The RNA of eukaryotic
cells are mixture of different RNA species including rRNA, mRNA and tRNA. The
range of molecule sizes is that rRNA 250b-5000b; mRNA 1000b-10,000b and tRNA
65b-110b [108].
The lymphocyte RNA from 10 AICAH patients and controls (the same as shown in
Table 4) have then been analysed by northern blot hybridization with 5 MV gene
clones (Fig. 15-19 B ).
5 1

Table 5

RNA of AICAH Patients Northern Blot Hybridization
to Cloned MV Gene Probes.

positive hybridized RNA bands - molecule size: kb (density of signal)
AICAH patients

NP

F

H

1

(-)

15 (++)

15 (4^

P

(-)

15 (++)

5 (+)

5 (+)

2 (+-)

2 0^0

2

15 (++)

15(+)

5

2

15 (-M.)

M

(+)

5

(+)

15 ^ 0

(+0

15 (++)
5 (4-)

5 (4-)

2 (+-)
3

4

(-)

15 (+)

15 (++)

15 (++)

5 (+)

5 (4-)
15

(-)

15 (++)

(-)

5 (+)
15(4.)

15
0.5 (+)

0.5 (+)

2 (+)
15 ( 0

5

(-)

15(4.)

15 (4-)

6

15CH)

15 (++)

15 (+)

15(+-)

15(++)

7

15(+)

15(++)

15(4-4-)

i5e-)

15(++)

15 00

(-)

15 (-k)

(-)

(-)

(-)

(-)

15 (-H)

(-)

5(+)
8

150^

9

(-)

10

(-)

15 00

(-)

(-)

15 (-H.)
5(4.)
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From Table 5 it can be seen that 9 of 10 AICAH patients had positive hybridization
reaction in various RNA molecule bands with 5 cloned MV gene probes.
3 patients (No.2,6,7) had strong positive hybridization reactions at 15kb RNA
bands with all 5 MV gene clones, one of them (No.2) also had 5kb RNA band positive
to P, F and H genes, as well as 2kb band weak positive to P gene.
2 patients (No.4, 8) showed positive reaction signals with 4 probes variously: No.4
patient present positive results with NP gene at 15kb and 0.5kb bands, with H and M
genes at 15kb bands, with P gene probe at 15kb, 2kb and 0.5kb bands, whereas
negative reaction with F gene clone; No. 8 had all positive hybridization at 15kb bands
with F,H,P and N clones but there was M gene absence.
3 patients (No. 1,3 and 5) contained P, H and F genes RNA sequences in their 15kb
RNA molecules, and No.l and 3 also showed positive signals at 5kb and 2kb (No.l
only) with these 3 gene clones, whereas they all had negative reaction to M and NP
genes.
Patient No. 10 showed positive reaction with only P and H gene probes at 15kb
RNA bands and at 5kb with probe as well.
In comparison of the northern blots from lytic infection of vero cells, all the MV
genes can be easily seen ( Fig. 15-19 A ). No positive reaction bands can be seen in
the blots from control lymphocytes RNA of 5 other forms liver diseases with any MV
gene clones (Fig. 15-19 C ). Some representative northern blots from AICAH patients
compared with blots from lyrically infected vero cells and from controls were shown in
Fig. 15-19 B.
In Fig. 15-19 C, it can be seen that the MV-RNA positive signal (track 1) was too
strong to distinguish individual RNA band but only streaking which was considered to
be due to RNA sample over-loading (20ug in the well). A similar situation also
occurred in Fig. 15-19 A (track 1) and Fig.15-19 B (track A) where RNA were over
loaded (about 20ug-30ug).

6. Lvmphocvtes in situ Hvbridization To MV Gene Probe.
3 AICAH patients who had shown the positive reaction in dot- and northem-blot
hybridization, and one healthy control have been studied in their lymphocytes
preparations. The in situ hybridization with MV 50-base oligonucleotide DNA probe of
nucleoprotein gene showed that positive cells with the hybrids that presented as the
clusters of silver grains were only found in a very small proportion of lymphocytes
which dispersed among large amount negative cells, about 1 in 10,000-100,000
CRgJW).
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The positive hybrid was not found in control lymphocytes from healthy adult.
The lymphocytes preparation in situ hybridization with cloned MV gene cDNA was
not successful. The labelled probes were failed in accessing the nucleic acid within the
lymphocytes despite increasing the proteinase E concentration from 0.01% to 0.5% and
prolonging the period of incubation from 2 minutes to 10 minutes in the process of cells
digestion. Thus, accumulated probes around the cells resulted in a very high
nonspecific binding.

7. The Change of AICAH Age Incidence From 1950-1987.
The result from the statistical calculation of the literature survey on the mean age of
AICAH patients from 1950 to 1987 demonstrated that the mean age of the onset in
AICAH significantly increased along with the years from 1950s to 1980s as shown in
Fig. 21 ( r = 0.59, P < 0.01 ).
The mean age from 1950 up to 1969 was 29-year (s.e=3) and from 1970-1987 was
44-year (s.e=3.4) (Table 2). The difference between them was significant by Wilcoxon
Rank Sum Test ( Fig.22, P < 0.01 ).
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Fig. 6

RNA Electrophoresis In Agarose Gel
(Each Lane Contains The RNA From 10^6 Cells)
Lane 1 and 2 : the RNA extracted with AGPC method.
Lane 3 and 4 : the RNA extracted with LiCl/Urea method.
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Fig.9 RNA Dot Blot Hybridization with Cloned MV NP Gene cDNA Probe.
A. RNA of MV Infected Vero Cells.
B. RNA of Lymphocytes from AICAH Patients.
C. RNA of Lymphocytes from Control Patients.
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Fig. 10 RNA Dot Blot Hybridization with Cloned MV H Gene cDNA Probe.
A. RNA of MV Infected Vero Cells.
B. RNA of Lymphocytes from AICAH Patients.
C. RNA of Lymphocytes from Control Patients.
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Fig. 11 RNA Dot Blot Hybridization with Cloned MV _F. Gene cDNA Probe.
A. RNA of MV Infected Vero Cells.
B. RNA of Lymphocytes from AICAH Patients.
C. RNA of Lymphocytes from Control Patients.
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Fig. 12 RNA Dot Blot Hybridization with Cloned MV _M_ Gene cDNA Probe.
A. RNA of MV Infected Vero Cells.
B. RNA of Lymphocytes from AICAH Patients.
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The Ethidium Bromide Staining pattern of RNA Electrophoresis in Agarose Gel.
Fig. 13. Vero Cells (tracks 1-4: MV-infected, tracks 5-7: uninfected.)
Fig. 14. Lymphocytes RNA.
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Fig. 15 Northern Blot Hybridization with Cloned MV H Gene cDNA Probe.
A. RNA of Vero Cells: track 1-4: MV-infected Vero Cells (20,10,5,& lug RNA in
each track); track 5-8: Uninfected Vero Cells (the same as above).
B. RNA of Lymphocytes from AICAH Patients: (A)-MV infected vero cells;
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Fig. 16 Northern Blot Hybridization with Cloned MV NP Gene cDNA Probe.
A. RNA of Vero Cells: track 1-4; MV-infected Vero Cells (20,10,5 & lug RNA in
each track); track 5-8: Uninfected Vero Cells (the same as above).
B. RNA of Lymphocytes from AICAH Patients: (A)- MV-infected Vero Cells;
(B)- Patient No.4 (C)- Patient No.3
(D)-Patient No.2 (E)-Patient No. 1
(20ug RNA in each sample)
C. RNA of Lymphocytes from Control Patients:
Track 1- MV infected vero cells; Track 2 - Uninfected vero ceUs;
Track 3-8: Patients No.9, No. 11-15.
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Fig. 17 Northern Blot Hybridization with Cloned MV _P_ Gene cDNA Probe.
A. RNA of Vero Cells: Track 1-4: MV Infected Vero Cells (20,10,5 & lug RNA in
each track); Track 5-8: Uninfected Vero Cells (the same as above).
B. RNA of Lymphocytes from AICAH Patients: (A)- MV-infected Vero Cells;
(B)- Patient No.4 (C)- Patient No.3
(D)- Patient No.2 (E)- Patient No.l
(20ug RNA in each sample)
C. RNA of Lymphocytes from Control Patients:
Track 1: MV-infected vero cells; Track 2: Uninfected vero cells;
Track 3-8: Patients No.9, No.l 1-15.
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Fig. 18 Northern Blot Hybridization with Cloned MV M Gene cDNA Probe.
A. RNA of Vero Cells: Track 1-4: MV-infected Vero Cells (20,10,5 & lug RNA in
each track); Track 5-8: uninfected Vero Cells (the same as above).
B. RNA of Lymphocytes from AICAH Patients: (A)- MV-infected Vero Cells;
(B)- Patient No.4 (C)-Patient No.3
(D)- Patient No.2 (E)-Patient No.l
(20ug RNA in each sample)
C. RNA of Lymphocytes from Control Patients:
Track 1: MV-infected Vero Cells; Track 2: Uninfected Vero Cells;
Track 3-8: Patients No.9, No.l 1-15.
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Fig. 19 Northern Blot Hybridization with Cloned MV PL Gene cDNA Probe.
A. RNA of Vero Cells: Track 1-4: MV-infected Vero Cells (20,10,5 & lug RNA in
each track); Track 5-8: Uninfected Vero Cells (the same as above).
B. RNA of Lymphocytes from AICAH Patients: (A)- MV-infected Vero Cells;
(B)- Patient No.4 (C)- Patient No.3
(D)- Patient No.2 (E)- Patient No. 1
(20ug RNA in each sample)
C. RNA of Lymphocytes from Control Patients:
Track 1: MV-infected Vero Cells; Track 2: Uninfected Vero Cells;
Track 3-8: Patients No.9, No.11-15.
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PART

IV

DISCUSSION

I. TECHNOLOGY.
Filter hybridization (dot-blot and northern blot) identifies homologous DNA or
RNA species bound to a filter by a labelled synthetic oligonucleotide probe or cloned
gene plasmid-derived cDNA probe. The purity and intactness of extracted RNAs, the
adequacy of RNA transfer from gel to filter in northern blotting, as well as the
efficiency of the probes are the important influential factors in the techniques.
1-1.RNA Extraction.
RNA is not as stable as other macromolecules because of the high activity of
endogenous ribonucleases. For preparation of undegraded RNA from biological
sources it is necessary to minimize ribonuclease activity. Ribonuclease A as well as
other digestive enzymes and zymogens appear to be synthesized on ribosomes bound
to the cytoplasmic face of the endoplasmic reticulum, extruded directly into the
cisternal side and subsequentiy packaged in secretory granules. Thus the functions of
the cytosol are effectively sequestered from these strong hydrolytic activities.
Therefore, disruption of the cells during the RNA extraction inevitably results in
rapid mixing of RNA and RNases. Thus, extra care has to be taken during the RNA
extraction. As a routine principle, all the glassware, reagents and solutions have to be
autoclaved in order to prevent any external ribonuclease contamination. Besides this,
the most important element to eliminate nucleolytic degradation of RNA is to disrupt
cells and inactivate nucleases simultaneously during the extraction procedure. This
approach would be successful only if the rate of denaturation of RNase exceeds the
rate of RNA hydrolysis by RNase.
The rate of denaturation of RNase is maximized by the combined use of a strong
denaturant and a reductant to break protein disulfide bonds which are essential for
RNase activity[118].0f the extraction techniques used in the present study, two were
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associated with Guanidine Hydrochloride and Guanidium Thiocyanate. Guanidine
Hydrochloride and Guanidium Thiocyanate are both potent protein chaotropical
agents[lll] and strong denaturants. It was found that guanidium thiocyanate was
about 2.5-fold more effective on a molar basis than guanidine hydrochloride, because
in the former salt both cation Guanidium and anion thiocyanate are strong chaotropes,
while in the latter only the guanidium cation is chaotropical and hence active in
denaturation[ 118].
In the AGPC method, in addition to the stronger protein denaturant guanidium
thiocyanate, the reducing agent 2-mercaptoethanol was also used to break protein
disulfide bonds. Thus, it was expected that the AGPC method would be a more rapid
and powerful method of denaturing RNase than the Gaunidine Hydrochloride method.
As shown in the 'Results', the amount of RNA extracted by Lithium Chloride/Urea
method was much less than that extracted by AGPC method. In LiCl/Urea procedure.
Urea was the main protein denaturant to inactivate RNase. However, it has been
reported that the half-life of RNase is 3 minutes in 8M Urea, and 10 seconds in 4M
Guanidine hydrochloride [118]. Thus the loss of RNA in LiCVUrea procedure may
result from degradation by RNase due to relative low rate of RNase inactivating.
RNA degradation in extraction would lead to big RNA molecules hydrolyzed into
small molecules which form smear-like track in RNA electrophoresis in agarose gel.
The fundamental aim of a phenol-chloroform extraction during the RNA isolation
is deproteinization of an aqueous solution containing the RNA.
In the method I [ 103], the RNA was extracted with guanidine-HCl without further
phenol extraction, and the denatured proteins residue may remain in the RNA
preparation. In dot-blot hybridization, previous studies have showed that the phenol
extraction did not significantly improve the sensitivity of the probing and it can even be
used on partially degraded RNA samples with good results[103,107] because
extracted RNAs were more condensed in which all the RNA species were closely
gathered on one spot bound onto filter. The results of dot blot hybridization in our
experiment are in accordance with these views. The dot-blot hybridization provides a
rapid and less-time consuming determination of the presence of specific RNA or DNA
in samples than northern blot analysis while retaining good specificity.
However, the RNAs extracted by such method failed to electrophorese in agarose
gel in our experiment. This might be due to that the RNA was trapped or combined by
degenerated protein products, or that the RNA was degraded by residual ribonuclease
activity. Hence, for northern blot, the purity of RNA is one of the crucial steps. In
AGPC method [104] and LiCl/Urea method, phenol extraction improved the purity
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and effectiveness of RNA isolations due to its organic solvency to dissolve
degenerated proteins thereby dissociate RNA from contaminated proteins. Chloroform
used in conjunction with phenol assisted the dissociation by its protein denaturing
ability and removing lipid from sample and enhancing the separation of the organic and
aqueous phases[ 106]
Another important consideration is the pH of extracting buffer which relates to
whether RNA or DNA is to be isolated[106]. According to Wallase et al, at pH 5-6,
DNA is selectively retained in the organic phase and interphase, leaving RNA in the
aqueous phase; whereas at pH 8 or higher, both DNA and RNA will be in the aqueous
phase. In the AGPC method that we have used for northern blot analysis, the pH of
extracting buffer (solution D, plus 2M sodium acetate pH 4) was 6. Thus, it was in
the proper pH range ensuring RNA extraction.
1-2. RNA Denaturation and Transferrin g.
The method utilizing formaldehyde is commonly used to achieve complete
denaturation of RNA for electrophoretic separation and subsequent northern transfer
onto a membrane[l 11].
As ribonucleic acid is believed to be composed of short DNA-like double-helical
segments, which are hydrogen bonded, connected by single-stranded regions[108]
and approximately two-thirds of the bases in RNA is in double-stranded helical
segments[ 107]. Formaldehyde reacts with the primary amino groups (-NH2) of
adenine, guanine and cytosine, which form hydrogen bonds in the helical region.
Thus, the RNA secondary structure can be eliminated. The reaction of RNA with
formaldehyde is used to denature the bihelical regions of RNA and convert the
polynucleotides into single stranded structures which is necessary in the hybridization
reaction to expose all the possible complementary regions to the probes.
Conventional method for nucleic acid transfer from a electrophoretic gel to a nylon
filter (northern blot and southern blot) is by capillary action[ 111], which often takes
12 to 16 hours or more. We have found that sometimes the larger RNA molecules
(>5kb) were often difficult to transfer completely. For this reason, the alternative
method - electroblotting has been tried in our experiments. In comparison of 24 hours
capillary blotting and 3 hours electroblotting, the large RNA molecules residual in the
gel was obviously less after electroblotting than that of capillary blotting.
In addition, the presence of ethidium bromide in the RNA sample prior to
electrophoresis in electroblotting means that the RNA can be directly visualized.
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photographed without extra gel washing, staining and destaining as the technique we
have followed in the study. This differs from the conventional idea that RNA could
not be transferred after EB-staining by capillary blotting[112] as Ethidium bromide is a
nucleic acid intercalating agent and is believed to bind to DNA or RNA molecules by
intercalation between DNA or RNA base pairs in the helix[114-116], and intercalating
dyes are known to alter the structure of nucleic acids by elongating, stiffening and
unwinding helix regions[114]. Ethidium bromide has been shown to inhibit genetic
recombination in vitro[116]. However, in the electro-blotting, Ethidium bromide
appeared not to alter the RNA transferring and recombination capacity as they were
separated by the electric field application - they migrated to opposite directions:
ethidium bromide runs towards cathode whereas RNA migrates to the anode.
Therefore, the electroblotting appeared to be suitable for RNA transfer and it
seemed to be more efficient than capillary blotting.
1-3 Svnthetic Oligonucleotide DNA Probe and Cloned Plasmid-Derived Gene Probes.
Synthetic oligonucleotide DNA probes have a maximum optimal probe length of
approximately 50 bases (generally 20-50 bases in length). Oligo DNA probes are more
sensitive. It is relatively easy to match the oligo DNA to their complementary fragment
in targets because of their short-length,

and they are

convenient and simple to

produce.
The kinetics of hybridization state that the length of the base-paired region of a
hybrid increase proportionate to the thermal stability. Thus, the hybridization with the
oligo DNA probes is less stable than that with longer DNA probes (D=500/L, D is the
reduction in Tm, L is the length of the base-paired duplex). Hence, during
hybridization procedure, less stringent washing had to be used.
In general, the longer the probe, the stronger and more specific the hybridization
signal will be [111, 101]. For detection of virus genome, the longer cloned gene
cDNA probes would be more specific. A cloned plasmid-derived gene cDNA probe
which could be either the entire gene or the major part of the gene, contains more
genetic information.
The increased length of complementary nucleic acids fragments in cDNA probes
provide enhanced thermal stability of the hybridization, thus high stringency washing
can be applied in order to reduce background caused by non-specific binding.
Another advantage of cloned cDNA probes is better labelling. With oligonucleotide
DNA, only end -labelling technique was available[113], which introduces a single
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radioactive mononucleotide label at one end of the DNA fragment, so that the specific
radioactivity achievable by such technique is lower (>,or =10^6 dpm/ ug) than those
obtained by the uniform labelling methods such as random priming. The multiprimer
labelling with klenow polymerase can produce high specific activity probes (>,or =
10^9 dpm/ ug) because of the efficient utilization of label and uniform labelling along
the synthesized strand. As average probe size varies between 200-300 bases, it
demands longer linear DNA as template. A probe with higher radioactivity is more
powerful and sensitive for detecting low levels persistent vims genome.
1-4. The Possible Explanation For Failure of Lvmphocvtes in situ Hvbridization
With Cloned Gene cDNA Probe.
Hybridization of a nucleic acid probe to nucleic acids within cytological
preparations permits a localization of sequences complementary to the probe and also
detects the nucleic acids that are present in only a small subset of cells and might not be
detected in RNA extracts of a whole cells population because of dilution by other RNA
species from the majority of the cells which do not contain the viral RNA. Thus, in
situ hybridization is useful not only to show where an nucleic acid sequence is
localized but also the viral nucleic acids existence at all. By using in situ
hybridization, the MV RNA sequences had been shown in lymphocytes and brain cells
of SSPE patients [97,98].
The basic principle considered in in situ hybridization is that cytological
preparations should preserve the best morphology and give the highest hybridization
signals. This related to the fixation with certain fixatives, and to the treatment prior to
hybridization to improve access of the cellular nucleic acid to tiie probe

and the size

of the probes.
In our smdy, according to Foumier [106], 4% formaldehyde fixative was used
which is not applied to DNA hybridization because it appears to interfere with DNA
denaturation, but does give good results in RNA hybridization [101]. Proteolytic
enzyme treatment was performed prior to hybridization. It seemed under our
experimental conditions that short oligonucleotide DNA probe yield more effective
hybridization since their molecule size was smaller and capable of penetrating the
cell's membrane after proteinase treatment; whereas the longer probes, e.g. the cloned
gene cDNA (>500-1000 bases ) demanded more effective digestion of the cell
membrane. Apparentiy, in the present study, the digestion procedure of using
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proteinase E at 0.01%-0.5%

concentration and 2 minutes to 10 minutes incubation

was not sufficient.
With oligonucleotide DNA probe of MV nucleoprotein gene, the positive
lymphocytes which contained MV-specific RNA presented as the cluster of silvergrains over the cell were found in all three AICAH patients, although the positive
lymphocytes were in a very small proportion (1/10,000-1/100,000). This phenomenon
appeared not to be consistent with strong positive hybridization signals in the filter and
blots hybridizations.
In addition, MV nucleic acid homologous in the lymphocytes can not be identified
as RNA or DNA since the cytological preparation lacked the extra treatment with
DNase despite the formaldehyde fixation favoured RNA preparation hybridizations.
1-5. RNA - PGR (Polvmerase Chain Reaction).
The detection and analysis of specific nucleotide sequences are often limited by the
extremely small amounts available within the sample for examination.
In present study, the negative hybridization results in some AICAH patients with
either all 5 different MV gene clones or with certain individual gene probe (e.g. NP
and M ) probably might be due to little amounts MV RNA existed to be detected by
ordinary procedure. A newly developed DNA amplification technique has been tried.
This primer-directed, with a thermostable DNA polymerase, DNA amplification
technique known as the Polymerase Chain Reaction (PCR), is capable of producing a
selective enrichment of a specific DNA sequence by a factor of 10^6, greatly
facilitating a variety of subsequent analytical manipulations.
The principle of the PCR involves two oligonucleotide primers that flank the DNA
sequence to be amplified, direct DNA synthesis in opposite and overlapping
directions, and the heat-resistant DNA polymerase which is termed Taq' polymerase
(isolated from Thermus

aquaticus).

Single-stranded primers anneal to the

complementary and denatured DNA sample, then, extension of the annealed primers DNA synthesis proceeds in the 5' to 3' direction with Taq DNA polymerase after the
addition of deoxyribonucleotide triphosphates (dNTPs). After heat denaturation, the
newly synthesized DNA fragment as well as the original DNA can reassociate with the
primers and act as templates for further rounds of DNA synthesis. The thermostable
Taq polymerase is not affected by the denaturation temperature and does not need to be
replenished at every cycle. The PCR with this enzyme allows automation of the
process.
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In our study, the "GeneAmp" DNA Amplification Reagent Kit (PERKIN ELMER
CETUS, N0.N801-0043) has been used. Two primers were both 25-base long from
MV NP gene, the primer 1 consists of nucleotide sequence at position 631 - 655 (plus
sense); and the primer 2 is at position 1246-1270 (minus sense) [35]. They would
flank the region of position 656 to 1245 of the MV NP gene, the fragment to be
amplified.
The RNA - PGR is the PGR in combination with reverse transcription. It has been
used in the present study to detect MV RNA in lymphocytes of AIGAH patients, as
MV is an RNA virus. The reverse transcription was carried out according to Hart et al
[119], with total RNA from MV-infected vero cells and lymphocytes of AIGAH
patients, using avian myeloblastosis virus reverse transcriptase (SIGMA, R9376) and
the same primers as above.
The complementary DNA products was amplified by the PGR, in which 25 cycles
of the reactions was carried out with a "DNA Thermal Gycler". Each cycle consisted of
annealing (at 37°G, 3 minutes), extension (at 72°G, 4 minutes) and denaturation (at 94
"G, 2 minutes). After the PGR the "amplified " DNA fragments were excised by
digestion with restriction endonuclease Apyl (from arthrobacter pyridinolis) which
recognizes the sequence 5' GGA(T)GG 3' and cleaves this sequences. While the
"amplified" DNA fragment contains such sequences at position 675-679 and 12311235 respectively, thus the enriched 550-base long cDNA (679-1231) of the MV NP
gene was expected to be obtained.
The cDNAs were then analysed in agarose gel and southern blot hybridized with
MV NP gene probe.
However, unfortunately , even with positive control - MV infected vero cells, I
have not been able to obtain the amplified DNA fragment. The RNA-PGR procedure in
present study did not work. The reason(s) for the failure is not clear. It may be that the
reverse transcription step did not proceed efficiently since using MV NP gene cDNA
clone directly as the template for the PGR without reverse transcription, the 550b
amplified cDNA fragment could been produced.
It has been already reported by other research (PERKIN ELMER GETUS) that a
set of oligonucleotide primers may not hybridize (anneal) to the RNA template
properly because of RNA secondary structure interfering. This could be one of the
reasons.
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2. RNA NORTHERN BLOT HYBRIDIZATION WITH CLONED MV GENE
cDNA.
Total RNAs derived from lymphocytes of patients with AICAH and MV-infected
vero cells were analysed for the presence of MV- specific RNAs by northern blots
using cloned double-stranded cDNA probes derived from five MV genes.
2-1. Vero Cells Infected With MV.
It has been known that MV genomic RNA is 14.6kb long linear molecule (negative
sense)[42] in an gene order of 3'N-P/C-M-F-H-L [46] and the range of mRNA of the
MV (plus sense) size is N 1688b, P 1657b, M 1472b, F -2400b, H 2000b and L
-6500b. Because the cloned MV gene cDNA probes used in the study were doublestranded DNA and contained both senses nucleic acid. Hence, MV genomic RNA or
mRNA in the positive hybridizing signals can not be distinguished by the probe itself.
But they could be evaluated by RNA molecule sizes of the positive signals in northern
blot hybridization.
As the results showed, lytic ally infected vero cells contained all five MV genes.
The bands of relative less intensity at 15kb molecules with all 5 MV gene clones may
correspond to MV genomic RNA. The strong intensity bands at 1.8kb to N,P and M
clones may represent monocistronic mRNAs of these three genes respectively as their
mRNA sizes are similar ( N 1688b, P 1657b and M 1472b ). The strong positive
bands in 2kb with H clone and 3kb with F clone may be the signals of monocistronic
mRNAs of these two genes (H 2000b, F 2400b )(Fig. 15-19 A). The less intensity
bands in 5kb present in the results with all 5 clones might represent polycistronic RNA
transcripts of adjacent genes[34], e.g.tricistronic RNAs of

N-P-M- (4.8kb),

bicistronic RNAs of F-H- (4.4kb). The positive bands in Ikb as well as those at size
below Ikb might be the various mRNAs breakdown fragments.
2-2. Lvmphocvtes of AICAH Patients.
The northern blot of total RNA isolated from lymphocytes of AICAH patients
reacted strongly with P,F and H gene probes. However, the amounts of M and N
RNAs were reduced in comparison with lytic infected cells . The MV-gene specific
RNA existed in lymphocytes of AICAH patients, in which all the strong bands at 15kb
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may be MV genomic RNA whereas the positive 5kb bands may be bi- or tricistronic
MV mRNAs and 2kb and 0.5kb MV RNA molecules may indicate monocistronic
mRNA fragments.
Therefore it had been seen that MV, both genomic RNA and messenger RNA,
could be found in lymphocytes of AICAH patients. Some of them contained all 5
tested MV genes and others had at least 2 genes. However, the amounts of MV
mRNAs contained in lymphocytes corresponding to 5kb, 2kb or 0.5kb positive
hybridized RNA bands were much less, reflected in the intensity of the signals. It
seemed that MV RNA was present mainly in genomic RNA form which was 15kb in
the lymphocytes. This could indicate that the persisted MV may exist in a relative
resting state, in which the MV may not replicate actively. Alternatively this could be
due to the short life span of mRNA during the MV replication so that it was not easy
to obtain the mRNAs; or could be due to the degradation of small molecules RNA
(mRNAs) during isolation procedure as smaller molecule RNAs were more unstable
than bigger molecules.
As shown in the results, MV M gene only found in 4 of 10 AICAH patients with
very weak positive reactions at 15kb RNA bands in Northern analysis ( positive
finding in 5 of 10 patients in dot-blot analysis), whereas 5 of them did not show any
positive reactions although they contained other MV genes (P,N,F and H). Previous
studies on SSPE have revealed the mutation within the M gene sequence in the course
of MV persistent infection[33]. In the early 1980s it was found that the M protein of
MV could not be detected in a infected brain tissue from SSPE patients by direct
analysis of MV proteins although the other viral proteins were found[26,29, 30],
whereas the MV mRNA for M protein was detectable [30,31]. The result of sequence
analyses of cloned M protein cDNA

derived from RNA of SSPE cell-line

demonstrated that there are many differences in the nucleotide chain compared with M
gene of Edmonston strain and the M gene sequence mutability was 0.45% in the SSPE
cell-line[33] which resulted in the synthesis of different M protein that underwent
rapid degradation. This is one indication of restricted synthesis and expression of the
virus genes during the persistent infection. Our results suggest that a similar gene
defect may also have occurred in AICAH. 5 of 10 AICAH patients in our study did
not have positive reactions with M gene probe, this could mean that they did not
possess the sequence of the M gene complementary with the M probe we have used
because of extensive mutation of the sequence within the M gene persisted in their
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lymphocytes, or perhaps M gene has been deleted during the course of MV persistent
infection.
In addition, another phenomenon emerged in our results that MV NP gene was not
detected in 4 of 9 positive patients who contained the other MV genes. This might also
imply

the restrictive alteration within this gene.

In a previous study of MV

persistently infected human cell culture system[32] which reached a stable noncytopathic state over a period of one year, it was found that the nucleocapsid protein in
persistently infected ceUs had a reduced binding capacity with measles virus antibodies
compared to the NP protein induced by the virus in an acutely infected cells[32]. This
alteration was considered to be due to antigenic changes of NP molecules from
persistent virus. In gel electrophoresis analysis of the NP protein from acutely and
persistently infected cells, significant charge differences were observed between these
virus proteins. The pl of the original MV NP was neutral, whereas that of persistent
virus NP was consistently found to be acidic [32]. The nature of the protein charge
change might be a mutation that substitutes a charged amino acid residue for an
uncharged one. So it has been suggested that the change in the pi of the NP protein
during persistence of MV may result from a mutation within the NP gene[32].

The

finding in our study might suggest that a mutation of MV NP gene may have taken
place in the persistent infected MV in the lymphocytes of AICAH patients which
altered the NP gene sequence so that they were no longer complementary with the NP
gene probe that derived from wild Edmonston measles virus strain, or that perhaps the
NP gene may have deleted partially or entirely, so there may no longer a complete NP
gene existed within the lymphocytes.
Therefore, these results indicated that only certain MV genes may continue to be
synthesized and they provided evidence for altered or /and restricted synthesis of the
MV genome RNA in AICAH.

3.THE POSSIBLE CORRELATION BETWEEN THE CHANGE OF THE MEAN
AGE INCIDENCE AND THE INTRODUCTION OF MEASLES VIRUS
VACCINATION.
The literature survey in the present study showed that the mean age of AICAH
patients has significantly increased from young people to old people from 1950 to
1987.
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This apparent change in age incidence suggests interaction with environmental
factor(s). 1969 was the year that measles vaccine began to be widely introduced in
Britain and since its introduction the uptake rate of measles vaccine in the UK during
last 20 years has been over 70% (Fig.23). Measles vaccination has greatiy protected
children and young people from measles in Britain. So it is possible that the
significantly increased mean age of AICAH patients after 1969 may suggest an
association with measles vaccination, and the introduction of measles vaccine may
have protected young people from AICAH, if AICAH were a putative late
complication of measles infection.
However, there are several other possible factors which should be considered as
well for the apparent increase in the mean age over the last 30 years. First, the patients
described in the survey were only from publications and may not represent the disease
as a whole. Second, the literature published in the 1950s and early 1960s were written
before the discovery of markers for Hepatitis B virus and Hepatitis nonA nonB virus.
So it is possible that a few of these individuals had chronic viral hepatitis. Third, the
patients with AICAH may survive longer reaching a greater age as the medical
treatment improved, the life conditions changed and vaccination programmes other
than measles vaccine carried out over this period.
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4. THE CORRELATION OF AICAH AND MV PERSISTENT INFECTION.
4-1. Availability Of Lymphocytes For The Investigation.
Lymphocytes are immunological functioning cells in the human immune system.
They have been widely studied in measles virus infections. The previous studies of
cell population in vitro has indicated that MV can replicate in human circulating T
lymphocytes, B lymphocytes and monocytes ( macrophages) [10,13,14,18] whereas
mature polymorphonuclear ceUs failed to synthesize MV nucleocapsids [10,18].
A persistent infection with measles virus can be established in both T and B
lymphocytes. It has been demonstrated that the majority of human T lymphocytes and
a few B lymphocytes have surface binding sites - receptors for measles virus[9,10].
In vitro study has shown that infection of resting lymphocytes with MV remains in
a latent or persistent form which can be converted to a productive one when the
infected lymphocytes are activated [13].

Some researches have shown that

nonstimulated human lymphocytes can be infected with measles virus without
presenting visual evidence of its presence, and without expression of antigens on their
surface so-called 'silent infection' [14,18] and that MV replication in unstimulated
PBMC (peripheral blood mononuclear cells) was slow and restricted indicating a
replication block in macromolecular synthesis [18].
Since lymphocytes can be latently or persistently infected with MV and also
because of the long life span of lymphocytes (in man there is indirect evidence that
some lymphocytes may survive for years[ll]), it has been suggested that lymphocytes
could serve to harbour latent virus in some of the slow viral diseases [10,13]. In a
previous study on acute measles patients[18], the majority of them (16/18) had the
MV RNA detected in their PBMCs even 3 weeks after measles onset. Furthermore the
MV RNA and MV antigens have been demonstrated in the lymphocytes of the patients
with SSPE which is known to be a MV persistent infection [16,9 8].
Therefore, lymphocytes were used in our study since they could be not only one of
the efficient indicators of MV persistent infection, but also much more convenient to
obtain than fresh liver biopsy tissue.
To gain insight into the interactions between MV and lymphocytes of AICAH
patients, we attempted to determine whether the MV nucleic acid molecules were
present in the lymphocytes and which MV genes existed.
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4-2. MV RNA Persistence In Lymphocytes of AICAH Patients.
The liver damage associated with AICAH is clinically and histologically similar to
that in other known chronic virus infections of the liver, such as Hepatitis B and NonA
nonB hepatitis, that were identified from whole CAH entity in the late 1960s. Hence,
It implied the possibility of that AICAH might have an infective aetiology.
MV has been implicated as a causative agent of AICAH based on extremely high
levels of MV antibodies in sera of AICAH patients[83-89], and the significant
correlation between the introduction of MV vaccination and the shift of AICAH age
incidence from young to older population (see "Result").
In our present study, by using the newly developed sensitive molecular techniquesnucleic acid hybridization, MV genome has been identified in the RNA of lymphocytes
from patients with AICAH and both MV genomic and messenger RNA of various
genes have been detected. The data demonstrated that, in comparison with MV
lytically infected vero cells, the MV persistence in AICAH is characterized by the
incomplete and variable MV gene persistence.
The similar researches on detection of MV specific nucleotide sequences in
lymphocytes from AICAH patients have also been carried out by Prof. Haukenes's
team in Norway [will be published in 'Lancet']. They reported positive hybridization
reaction of lymphocytes RNA dot blot from AICAH patients with 5 different MV gene
cDNA probes. Furthermore, in combination with PCR technique , they have first time
sequenced the MV nucleic acid from lymphocytes of AICAH patients, and they found
the MV Haemagglutinin gene fragments amplified directly from the RNA in
lymphocytes of AICAH patients had the sequences very similar to the cloned
Edmonston MV strain.

In accordance with the result of lymphocytes in situ

hybridization in our study, they also found occasional positive lymphocytes in in situ
hybridization [ 120].
Persistent MV infections have been suggested as possible aetiological agents in
many chronic degenerative diseases. From previous studies on SSPE, the current
suggestion for the pathogenesis is the restricted virus gene expression, in which the
virus production may be absent or limited. Thus, the persistentiy infected cells
harbour the virus in a latent state which results in failure to form complete viral
particles, and in decreased levels of viral antigens in the cell and diminished
effectiveness of immune surveillance in eradication of the virus. Thus, tissue damage
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by a vigorous but ineffective immune attack occurs. Our present study suggests that a
analogous situation may take place in the liver of the patients with AICAH and MV
may be involved in the pathogenesis of this liver disease where an accumulated
mutational and incomplete viral genome, a chronic form of persistent MV infection,
leads to replicative infidelity and limited expression of viral antigens. This may be the
trigger for progressive liver damage in these patients as a consequence of the immune
and inflammatory response.
Another question raised by the data is what is the connection between the infection
of lymphocytes and liver damage? One possibility is that lymphocytes and hepatocytes
may be infected separately during acute measles. The other possibility is that
hepatocytes may be infected by lymphocytes that were themselves infected and
conveyed the virus into the liver.
However, the presence of MV RNA in lymphocytes from AICAH patients may not
necessarily incriminate this virus in the disease. It might also imply a similar virus
from morbilliviruses group because of the homology of nucleic acid sequences within
their genes.
The demonstration of persistent MV genome in the lymphocytes from AICAH
patients may be pathogen-specific and of aetiological relevance as we speculated
above, or may represent an epiphenomenon as are most of the other immunological
abnormalities described in this condition. Therefore , in order to further analyse the
correlation between the pathogenesis of AICAH and MV persistent infection, further
studies are in progress. They include the investigation of MV RNA in hepatocytes of
AICAH patients, detection of MV antigens in both lymphocytes and hepatocytes of
the patients and sequencing analysis of the MV-specific RNA in the lymphocytes for
detecting any MV genetic mutations.
MV is an ubiquitous pathogen responsible for both acute and chronic diseases of
humans. Its documented capacity to produce persistent infections, and the hypothesis
that such a persistent infection may play a role in the pathogenesis of diseases of
unknown aetiology, or autoimmune diseases is of considerable interest. An abnormal
immune response to MV has been observed in Systemic Lupus Erythematosus,
Multiple Sclerosis and Paget's disease. Therefore, the findings in the present study
may also have important implications for the further understanding of a pathogenic role
for the measles virus in these diseases.
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