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ABSTRACT

Epstein-Barr Virus (EBV) genome has been demonstrated in lung tissues of
patients with lymphocytic interstitial pneumonia (LIP). Recent in vitro studies have
shown that the EBV immortalizes and transforms cells by upregulation of the cellular
proto-oncogene bc/-2 via the viral latent membrane protein LMP1. The pur‘pose of the
studies described in this thesis was to‘determine whether the presence of EBV LMP1
and over-expression of bc/-2 occurs in LIP. Immunohistochemistry was employed to
detect EBV LMP1 and bc/-2 in formalin-fixed, paraffin-embedded lung sections from
patients with LIP (n=14), idiopathic pulmonary fibrosis (IPF, n=9) and autopsy cases
(AC, n=9) without lung disease. EBV density, d(efined by the number of. LMP1
positive cells per unit area of lung tissue, was used to estimate the level of LMP1
expression. The results showed increased LMP1 expression in lung tissue from
patients with LIP (p<0.05). bc/-2 expression was assessed by a grading system
based on cellularity (Grade 1, 2 and 3) and intensity of immunostaining (Grade O, 1,
2, and 3). bcl/-2 staining was greatest in LIP (p <0.05), and IPF showed more staining
than AC (p<0.05). We conclude that EBV is more prevalent and LMP1 expression
was increased in LIP associated with an upregulated bc/-2 expression. These results

support the hypothesis that EBV infection is important in the pathogenesis of LIP and

bcl-2 may play a role towards lymphomagenesis of LIP.
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CHAPTER 1 GENERAL INTRODUCTION
1.1 Lymphocytic Interstitial Pneumonia.

Lymphocytic interstitial pneumonia (LIP) was first described by Carrington and
Liebow in 1966 as an interstitial lung disease characterized by diffuse cellular
infiltrations within the interstitium, expanding into the alveolar spaces (1). The
iﬁfiltrates are predominated by a mixture of lymphocytes, plasma cells, mononuclear
' elements and reticulo-endothelial cells (1,2). As the lymphocytes infiltrate and
proliferate, the structure of the lung changes and pulmonary function is compromised
(3). |

Prior to the begihning of the AIDS' epidemic in the 1980’s, LIP was a rare
condition usually associated with diseases thoughf to have an autoimmune bésis. The
most common presenting symptoms of LIP are progressive dyspnea and cough
developing in a‘ patient already diagnosed with Sjogreh’s syndrome or other
autoimmune disorder (4,5), and more recently, human immunodeficiency vir.us (HIV)
infection (6-9). The coursé of LIP is quite unpredictabie: in some patients, the lesions
remain stable following corticosteroid therapy, while in others, the lung function
deteriorates progressively with end-stage fibrosis and eventually honeycomb lung
(2,10). Presently, LIP is considered as an AIDS-defining illness for HIV-infected
children (6-9,11).

o Despite having been identified 3 decades ago, the etiology and pathogenesis

of LIP is stili unknown (2,10,12). Currently, the two most widely held proposals for

1 Acquired Immunodeficiency Syndrome
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the pathogeneéis of LIP are \)ira| infections and autoimmune phenomena: the former,
because of higher titers of Epstein-Barr virus (EBV)-related antibodies in LIP patients
‘(':omplared to non-LIP controls (7,8) and the high frequency of HIV-infécted children :
* with LIP (6,13-15), and the latter, the association of LIP with autoimmune conditions
such as Sjogren’s ‘syndrome (16,17).

1.2 LIP and Epstein-Barr Virus.

The EBV has been related to lymphoproliferative disorders (LPD) (18-22) as well
as Sjogren's syndrome (16,17) and several studies have suggested that the EBV may
play a role in the etiology of LIP. Andiman et a/ (23) demonstrated EBV DNA in eight
out of ten lung biopsy specimens showing LIP by Southern blot hybridization.
Significantly higher titers of EBV antibodies were demonstrated in patients with LIP
associated with AIDS, compared to HIV-positive patients without LIP (7,8). In
additio»n, EBV DNA was demonstrated by in situ hybridization in nine out of fourteen

LIP patients compared to two out of ten patients with idiopathic pulmonary fibrosis
(IPF) (24). These observations support an association between EBV and LIP but the
pathogenetic mechanisms of the involvement have not been defined. .

1.3 LIP as a lymphoproliferative disofder.'

 The observation}s made by Liebow and Carrington (1) that the lung Igsions in
LIP patients were mainly lymphocytes and plasma cells were suggestive 'of the B
lymphoid origin in the infiltrates. A recent immunophenotypic study using a pan‘—B cell

marker (L26) yielded conclusive evidence confirming this speculation (24). Many lung

pathologists are now convinced that LIP is a low grade lymphoma that has the




potential to evolve into a more aggressive pulmonary and/or systemic lymphoma
(2,12). | |

High level expression of the human B-cell leukemia 2 (bc/-2) gene has been
docufnénted in various hematopoietic neoplasms as well as LPD (25-27). Over-
éxpression of bcl-2 contributes to the mechanism of LPD by inhibition of programmed
~cell death and thereby decreases the frequencyv of cell death, resulting in an
accumulation of cells (28). One might therefore speculate that bc/-2 could play a role
in the etio-pathogenesis of LIP. In addition, detectable levels of EBV proteins have
been found in several AlIDS-associated Iymbhomas and LPD (21,29,30).
1.4 Summary. l

The interest in LIP has been rénewed in recent years because it has been
estimated that 30% - 50% of HIV-infected children will develop this pulmonary
complication (31,32). With this escalating population of HIV-infected patients, further
research i.s required to define the pathogenesis of this lymphoproliferative process.
vSince LIP is a LPD associated with the EBV, it is therefore plausible that the etiology
and pathogenesis of LIP could revolve around these areas,.namely, bc/-2 activity,
Iymp}hoproliferation and EBV-associated malignancies. The current study may provide
an increased understanding towards the.étio-pathogenesié of LIP in ferms of EBV

persistence as well as the mechanism of bc/-2 activity in deregulating programmed cell

death in other types of cancer and lymphoproliferative disorders.




CHAPTER 2 EPSTEIN-BARR VIRUS.
2.1 Historical Background.
Denis Burkitt first described a peculiar lymphoma in African children_ in 1958

(33). This lymphoma frequently in\)olved the jaws and had a geographical distribution
across équatorial Africa similar to that of yellow fever. Epidemiological studies linked
the prevalence of the lesion to temperature and rainfall and Burkitt speculated that the
lymphoma might be of viral origin (34). However, the search for a putative agent was
not successful until 1964 when two independent groups, Epstein and Barr (35) and
Pulvertaft (36) simultaneously reported the establishment of continuous
lymphoblastoid cell lines frdm tumor samples of Burkitt’s lymphoma patients. They
described a new herpes-like virus detected in these lymphoblastic cell lines using
electron microscopy. The most interésting property of this virus, later named the
Epstein-Barr virus (EBV) after its discoverers, M.A. Epstein and Y.M. Barr, was that
infection of human B lymphocytes leads to immortalization and indefinite proliferatibn
of these cells.
2.2 Classification, virus and genome structure.

| EBV belongs to the subfamily gammaherpesviridae and genus
Lymphocryptovirus. Lymphocryptoviruses are found only in old world primate species
~and are usually named by the species in which they are naturally endemic; an |
exception is the EBV which is the only human lymphocryptovirus {(37). Two major

distinguishing features of EBV are the restricted in vitro host range and the ability to

infect and immortalize human B lymphocytes leading to perpetual growth (38).




Classically, infectioﬁs with Iymphocrypioviruses are restricted to primate B
lymphocytes in vit}o; however, lymphocryptoviruses can also infect T célls, epithelial
cells., énd smooth muscle cells in vivo (39,40).

In general, the physical structure of EBV is highly similar to other herpesviruées.
EBV has a toroid-shaped protein core wrapped with a double stranded linear DNA.
This DNA-protein bomplex is enclosed by the nucleocapsid which is an icosahedral
protein shell made up of 162 capsomeres. The major EBV capsid proteins are 160,
47 and 28 kDa and are similar in size to those of the herpes simplex virus HSV-2
(41,42). The nucleocapsid is prdtected by a lipid bilayer outer envelope with external
glycobrotein spikes. The most abundant glycoproteins are 350/220 and 152 kDa and
differ in size from those of the HSV-1 (41,42). In addition, EBV also differs from
other herpesviruses in that its outer envelope is predominated by the glycoprotein
gp350/220 (43).

The genome str_ucture and organization are similar among Iymphocryptoviruses,
and the viral proteins are antigenically related among its species. EBV was the first
herpesvirus whose genome was completely cloned and sequenced (44-46). It
consists of approximately 172,000 base pairs of double-stranded DNA which encode
about 80 proteins. Like other herpesviruses, the linear DNA molecule is dividéd into
5 unique domains'(U1 to US) interspersed by 4 internal repeat domains (IR1-4) and
flanked by 2 terminal repeat (TR) domains on either end (Figure 1). The functions of

many of the replication genes have been inferred from their homology to those of the

herpes simplex virus.. As for the EBV latency genes, counterparts in other human




Figure 1.

A)

Genomic structure of the Epstein-Barr virus.

| The EBV genome of approximately 172,000 base pairs of DNA is divided
-into 5 unique domains (U1 to U5) interspersed by 4 internal domains (IR1

to IR4) and flanked by 2 terminal repeat (TR) domains.

Black solid boxes denote coding regions of major replication an latency genes;
regions where splicing occurs are denoted by (A).

B)

C)

Among the replication genes, ZEBRA (Z Epstein-Barr virus replication
activator) initiates the switch from latency to replication mode and
transactivates early gene expression of EBV DNA polymerase, thymidine
kinase BCRF1, followed by late expression of viral capsid antlgen (VCA)
and glycoprotein spikes gp350.

First viral proteins expressed during latency are EBNA (Epstein-Barr
nuclear antigen)-LP {leader protein) and EBNA2 followed by other -
members of the EBNA family (EBNA1, 3A, 3B, and 3C), then the latent .
membrane protein family LMP1, LMP2A and LMP2B, and finally the
EBER. (Epstein-Barr virus encoded RNAs) family.

(Adapted from Cohen JI (54).)
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herpesviruses have not been found and these may have arisen from cellular DNA (47).
After the EBV enters the target cell, cellular transcription factors are résponsible for
the eétablishment of latency or the initiation of viral replication (48). The outcome of
infectiqn, which depends on the host immune response, determines the expréssion of
different sets of viral genes. Infection of B-iymphocytes .usually results in latent
infection and transformation of the cell to a state of perpetual proliferétion, a process
known as immortalization (49). During latency, a limited set of EBV genes including
those for the Epstein-Barr virus nucléar antigens (EBNAs), the latent membrane
proteins (LMPs), and the Epstein-Barr virus encoded RNAs (EBERs) are expressed (50).
On the other hand, if the virai' feplication cycle is initiated, viral genes encoding
BCRF1, gp350, ZEBRA, viral capsid antigen, thymidine kinase, and p.olymerase are
activated (50). The features of these EBV genes and the interaction of their products
with host proteins will be‘discussed in the relevant sections.

2.3 Stéges of Infection.

The usual route of EBV infection in humans is the oropharynx where viral
replication is'pe.rmissive in the oropharyngeal epithelium (51). | Although it has been
established that B lymphocytes aré infected early in the course of primary infection
as they traffic in cIose proximity to the oropharyngeal epithelium (37), the mechénism
by which the virus traverses from the epith’eliél cell to the lymphocyte is not clearly
understood. Diffusion of the virus across the epithelial basement membrane, B

lymphocytes transit through the epithelium, or the action of an intermediary dendritic

cell have all been suggested (52). The EBV does not normally replicate in B




lymphocytes but does establish a. latent infection (37) which induces and maintains
the B cells in a proliferative state. However, the virus is capable of replicating in B
cells (53) and the frequency of this transition to a replicative phase increases with
exposure to drugs that inhibit cellular macromblecular synthesis (55), DNA
methylation (56), or with stimulation of protein kinase by phorbol ester (57).

2.3.1 Adsorption.

Thé EBV receptor is the type 2 complement receptor (CR2, now renamed
CD21) expressed on the surface of B lymphocytes (58). The natural ligand for CD21
is C3d, a component of the common pathway in the complement cascade. CD21 is
a member of the immunoglobulin superfamily with an extracellular amino-terminal
domain, a transmembrane segment and a sﬁort carboxy-terminal cytoplasmic domain
(59). The major EBV outer envelope glycoprotein gp350/220 is the CD21 ligand (GO)
and it binds to two or more of the repeats present in the amino-terminal domain of
CD21 (61,62). CD21 is the‘ only known B lymphocyte surface protein which binds
to gp350/220 (60).

2.3.2 Penetration and Uncoating.

Pe‘netration of the EBV is mediated by the viral glycoprotein gp350/220;
contact betweén the B lymphocyte CD21 and the EBV gp350/220 results in patching
and capping of CD21 (60). This in turn causes the enlargement and clumping of B
lymphocytes without an incr’easé in cellular RNA or DNA synthesis (60). The outcome

of capping is endocytosis of EBV into smooth membrane vesicles, fusion of the viral

envelope with the vesicle membrane and release of nucleocapsid into cytoplasm (60).




2.3.3 Establishment of Latency or Initiation of Replication.

The events between the release of the nucleocapsid-enclosed EBV DNA and its
transport into the cell nucleus is not known (37). By analogy to other DNA viruses
the cell microtubules and nuclear pore complex may mediafce EBV capsid traﬁsport to
the nUcIeus (63). The expression of the EBV receptor CD21 in a variety of cells
permits efficient viral adsorption but this does not necessarily result in latent or lytic
infection (64,65). This suggests that B lymphocyte or epithelial cell transcriptional
factors may be necessary to establish the latent or lytic mode of viral infection {48).
Since efficient viral replication could potentially kill t.he host, the strategy of the virus
appéars to be the establishment of lytic infection in the terminally-differentiated
epithelial cells, with down-regulation of the lytic mode to latent infection in the .B
lymphocytes which allows the virus to persist (66,67).

234 Lateﬁt Infection.

Almost all EBV-infected cells contain multiple copies of covalently closed
.circular EBV episomes (68-70). After gaining entry into the B lymphocyte, the linear
EBV genome circularizes (71,72). While it i_s recognized that active macromolecular
synthesis is necessary for genome circularization, details of the rhechanism are ﬁot
known (52). From in vitro studies, only about 10% of the EBV coding capacity is
utilized in B cells during latent infection; the other 90% is expresséd when the
immortalized cell begins to support the replicative phase of the EBV cycle (45). The
latency genes include 2 small EBV encoded non-polyadenylated RNAs (EBER1 AND

EBERZ2), 6 nuclear proteins (EBNA1, 2, 3A, 3B, 3C and LP) and 3 latent membrane
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proteins (LMP1, 2A and 2B) (73,74) (Figure 1). The EBER genes are transcribed by
host cell RNA pol Il while the EBNA and LMP genes are transcribed by cell RNA pol
Il (76). The first viral proteins expressed during latency are EBNA LP and‘ EBNA2,
which rea_ch stable levels 24-32 hours post infection (71). Expression of nuclear
antigens are generated from alternate splicing of a long transcript (76). By 32 hours, :
all EBNAs and LMP1 ére expressed and within 48 hours post infection, the EBNA
proteins have reached their maximum levels (71). The EBER genes are expressed
relatively late and reach substantial levels about 70 hours post infection (71).
2.3.4.1 Latent Infection Proteins.

For tlhe purpose of this thesis (see section 4.1), the function and role of LMP1
will be emphasized while those of the other Iate‘nt infection proteins will only be
discussed brieﬂy. The EBNA-LP is a nuclear protein that is highly phosphorylated and
is associated with the nuclear m_atrix (77,78) during latency. The EBNA1 protein
binds to the episomal origin of replication, oriP (79), and this protein-DNA binding
activity is essenﬁal for maintenénce of the EBV episome within the cell nucleus during
latency (77,78). Transcription of EBNA2 leads to transactivation of cellular CD21,
CD23 (80,81) and c-fgr (82) and viral latent membrane proteins LMP1 énd LMP2
(83-85). CD23 is the Iovy affinity receptor for Ig E and is involved in antigén
presentation associated with major histocompatibility complex (MHC) I antigens. ‘In
addition, CD23 was recently shown to interact with CD21, the EBV receptor (86).
c-fgr is a member of the src oncogene family and encbdes a protein kinase important

for B-cell growth regulation (54). The function of two other members the EBNA
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family, EBNA 3A and 3B are not clear bﬁt EBNA 3C had been demonstrated to
upregulate CD21 mRNA and protein (81).
2.3.4.2 Latent Membrane Protein 1 (LMP1).

In contrast to the other EBV latent genes, the LMP genes are transcribed in the
opposite direction with respecf to the other latent genes. As mentioned in the
precéding section, the LMP1 promoter is upregulated by EBNA2 (83,84,87); however,
LMP1 expression could also take place independently of EBNA2 in some Burkitt’s
lymphoma cells (88,89) and nasopharyngéal carcinoma tumors (85,90) following
activation of lytic replication. The LMP1 franscript consists of 3 exons. From the
prima'ry amino acid sequence, an integral membrane protein with 3 domains is
predicted: (a) a hydrophilic amino-terminus of 20 amino acids, (b) 6 markedly
hydrophobic alpha-helical transmembrane segments of 20 amino acids each separated
by 5 short reverse turns, and (c) a long carboxy-terminus of 180 amino acids (50,91).
Although the LMP1 shares no sequence hémology with other known proteins, its
tertiary structure i‘s similar to that of the rhodopsin family of cell surface receptors
(92), certain ion channels (93,94) and some other integral membrane proteins, such
as erythrocyte. membrane band Ill or the mas oncogene (52). LMP1 forms cap-like
structures in the plasma membrane of transformed cells and colocalizes with vimentin
(91,95,96). Nascent LMP1 has a short half life of 2 to 5 hours; howevef, the half life
of the cytoskeletal form of LMP1 is about 16 to 20 hours (95). These properties of }A
LMP1 correlate with its ability to transform rodent cells (97) and LMP1 is the only

protein' produced during latent infection that is also associated with EBV lytic
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replication (50). LMP1 is likely to be required for immortalization because of its
effects on the growth of established cell lines /n vitro and in vivo (49). LMP1-
transformed rodent cells are capable of growth in media with redﬁced serum levels,
grow in an anchorage-independent manner and are tumorigenic in nude mice (98-100).
These observations indicate an oncogenic role for LMP1 (49).

Expression of LMP1 in lymphoblasts from EBV-negative Burkitt’s lymphoma |
results in changes similar to those found in normal B cells when they are acth)ated by
EBV or mitogens. LMP1 could induce the lymphocytes from EBV-negative Burkitt’'s
lymphoma to proliferate as clumps of cells with increased villous projections (101),
increasé their cell surface expression of CD23, CD39, CD40 and CD44 (102), and
'incréase expression of vimentin (103) and cell adhesion molecules LFA1, ICAM1 and
LFA3 (101). Induction of these cell adhesion molecules can bring about interaction
between cells: binding of LFA1 to ICAM1 results in homotypic cellular adhesion which
may explain the cell-cell aggregation or clumbing seen when Burkitt’s lymphoma celis
proliferate due to EBV infecﬁon (49,104). In addition, upregulation of LFA3 brings
about increased interaction between B cells and T cells since LFA3 is the ligand of the
T cell antigen CD2 (104). LMP1 has also been shown to protect B lymphocytes from
apoptésis through upregulation of the cellular proto-oncogene bc/-2 (105,106), whilé
LMP1 transfected .cells seem to be more responsive to TGFS (101).

LMP1 has been observed to alter the growth properties of established épithelial
cells. Itinhibits human epithelial cell differentiation (107) and transforms the RHEK-1

epithelial cell line from a keratinocyte-like morphology to that of a fibroblast (108). |
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Transgenic mice harboring the LMP1 transgene exhibit epidermal hyperplasia that
eventuélly leads to chronic dermatitis (109). These results support a role for LMP1
in the EBV-induced transformation of the nasopharyngeal epithelium to an
undifferentiated nasopharyngeal carcinoma. However, evidence from in vivo
experiments in transgenic mice indicate that EBV transformation alone is not sufficient
to convert the EBV-infected epithelium to nasopharyngeal carcinoma, indicating that
additional factors aré required for malignancy (107,109).

2343 EBV Latency.

Preséntly, little is known about the interaction between EBV and the host cell

" that underlies EBV latency; however, the B cell compartment has been speculated as

the site of EBV Iaiency (76). This speculation was based on 2 lines of evidence :
firstly, individuals receiving acyclovir therapy do not demonstrate a reduction of EBV-
infected B cell pool despite elimination of EBV replication in epithelial cells (110), and

secondly, patients who undergo total lymphoid irradiation, which destroys the

‘lymphoid system but not epithelial tissues, were able to reverse the original EBV-

carrier status (111). In order for EBV-infected B cells to maintain long term survival,
these cells must be capable of evading immune recognition by EBV-specific cytotoxic
T-lymphocytes, possibly. by suétaining a passive latent form of EBV infection with
minimal viral gene expression (76). Experimental evidence has demonstrated that
EBV-carrying B cells can be readily triggered‘ iﬁto the lytic cycle and if such sighals
were present in the lympho-epithelial environment, infectious virus could be effectively

delivered from the recirculating B-cell compartment to permissive epithelial sites (76).
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Ih some herpesviruses, such as HSV, there is a transitory period of viral
replication .before the virus enters into Iate:ncy; EBV, however, directly enters into
latency with no trénsitory period (73). Since EBV replication could lead to cell lysis
and death of the host, the direct entry of EBV into the latency mode may be one of
tﬁe reasons for the successful viral life-long persistence in the host.
| 2.3.5 LYtic Infection.

Although it has been presumed that LIP is associated with latent EBV infection,
it is not known whether lytic EBV infection could occur in the lung tissue of LIP
patients. Studies using lymphoblastoid cell lines transformed with EBV have shown
that while the majority of the cells have latent infection, a few cells (< 10%) are
spontaneously activated to release virus (73). Lytic infection of EBV is usually studied
by reactivation of EBV in latently infected B lymphocytes through the use of inducers
such as phorbol esfers (112) or superihfecﬁdn (113). As with other herpesvirus
infections, cells that are permissive for EBV replication undergo cytopathic changes
such aé margination of chromatin, inhibition of macromolecular synthesis, viral DNA
synthesis and othér related virion packaging activities (50). These inducers initiate
expression of the \)iral BZLF1 gene, an immediate-early gene, to produce the ZEBRA
protein. The function of ZEBRA is two-fold: (i) ZEBRA acts as a trigger switch to . |
_initiate viral replication in Iatently infected B cells and (ii) ZEBRA also upregulates the
expression of other immediate-early genes and itself (114). It has been proposed that
the ZEBRA polypeptide activates EBV immediate early gene expression by

transcriptional activation through its DNA-binding capacity (115). The ZEBRA protein

15




contains a DNA binding region homologous to that of the ¢c-jun oncogene and binds
to AP-1 sites (116). The immediate early genes, early-antigen D complex and early-
antigen R complex, in turn unregulate the expression of early gene products such as
the viral DNA polymerase and thymidine kinase (114). Finally, the late genes
representing the viral structural components such as the viral capsid antigen (VCA)
and glycoprotein spikes gp350 are produceq in preparation for packaging and release
of infectious virions (114). |

2.4 Sumniary.

Today, EBV is not only epidemiologically associated with Burkitt’s lymphoma,
anaplastic nasopharyngeal carcinoma (117) and infectious mononucleosis (118), but
this ubiquitous herpesvirus has also been found in T-cell lymphoma (119), Hodgkin’s
disease (120) and lymphoproliferation in patients with acquired immunodeficiency
(121.). The increased number of human diseases associated with EBV not only
reflects the advancement of research and diagnostic procedures in identifying viral
genomes and gene products but also the success of the virus in maintaining itself in
human cells. Although the mechanisms have yet to be elucidated, previous studies
(7,8,23,24) have implicated the role of EBV in the etiology and pathogenesis of LIP.
This thesis“examined the role of the virus through expression of the LMP1 gene in

lung biopsies from LIP patients.
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CHAPTER 3 LYMPHOPROLIFERATIVE DISORDERS (LPD).

This c'hapter gives a brief introduction to lymphoproliferative disorders (LPD) to
provide a basis for a discussion of the role of EBV in these disorders. The tobic will
be discussed within the context of proliferation versus programmed cell death and the
ongogenes that may be involved.

Malignant neoplasms that arise from cells originéting from a common
pluripotent, pkrimitive lymphoreticular stem cell are collectively kndwn as LPD. LPD
are classified accbrding to the lineage 6f the affected cells and the specific point in-
the normal ontogenic brocéss at which the cells were transformed, resulting in
maturation érrest (122). In the human immune system, the repertoire of nyﬁphocytes
\ ailre_derived from a hematopoietic stem cell via muItistége differentiation into functional

mature B and T lymphocytes. Hence LPD can be divided into the B-cell or T-cell seriés
depending on the lineage of the affect.ed cells. Common examples of B-cell .LPD
“include follicular small {and large) éell lymphomas, chronic lymphocytic Iegkémia and -
Burkitt’s lymphoma. LPD of the T-cell series, among mény others, encompass
Iymphobiastic lymphoma, acute nynph'ob}lasticv leukemia and adult T‘ céll
leukemia/lymphoma. |
3.1 'lNeopIasia: Prbliferation versus prohibited programmed cell death.
Homeostasis in normal tissue is established when the }‘ balance betwee’n
proliferation and dea.th of its cells is at equiiibriu_m (123). When 'thié_ balance ‘is
violated, either due to uncontrolled growth or impaired cell death, neopllasia rﬁay

result. Classically, neoplastic transformation of the immune system is due to
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uncontrolled growth originating from a single clone of cells (122). On a molecular
level, excessive proliferation is associated with 2 categories of proto-oncogenes: (i)

growth and proliferation genes and (ii) turrlor suppressor genes. Growth and

proliferation genes, such as myc, ras and abl/, promote proliferation by a "gain of .

function” mechanism affecting transcription factors or the signal tranéduction :
| pathway. On the other hand, tumor suppressor genes as exemplified by pb53 and the
retinoblastoma gene produCt Rb, prevent aberrant cellular proliferation in their wild-
type form. Tumor suppressor genes contribute to neoplasla by a "loss of function”
‘mechanism in that abnormal tumor suppressor gene products fail to inhibit
unwarranted growth and proliferation. Therefore, malfunction of these two categories
of proto-oncogenes allows excessive proliferation leading to neoplasia.

The disruption of tissue/cell homeostasis has been revolutioniied by a new
cbncept in that cells are genetically programmed to die unless further signalling is
Jinitiated to block the intrinsic and autonomolls suicide pathways (124,125). There
are two forms of celldeath: necrosis alnd apoptosis. Necrosis is usuélly the reéult of
plasma membrane damage caused by diséasé or inbjury. The initial response is cellular
swelling followed by an increase in dehsity of mitochondria, flocculation ‘of‘ nuclear
chromatin and decline in protein synthesis. At this point, tlle cellular'reépohée is
revefsible upon removal of stimulus; however, if the stimulus peréists, irreversib.le
Changes occur with an increase of cytosolic Ca?* levels. Eventually, ‘cell death occurs
when the pla}sma membrane ruptures to release cellular contents into the extracellular -

space leading to the initiation of an inflammatory reaction (126-128). 'Programmed
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cell death, also known as apoptosis, is a directed and regulated form of cellular

eradication whereby cells are removed without damage to the local environment
(129). The sequential events of apoptosis include condensation of chromatin,
nucleolar disintegration and .ceII shrinkage. Formation of apoptotic bodies composed
of various components from ribosomes, organelles and nuclear material follows and
the final stage of apoptosis is degradation of DNA into nucleosomal length fragments'
by endonucleases. A new category of oncogenes that regulate programmed cell death
are associated with apoptosis. As a member of this novel category of oncogenes, bc/-
2 functions as an antidote to programmed cell death by the "gain of fu;xnction"
mechanism.

3.2 LPD and bcl-2.

The bcl-2 gene was initially described in follicular lymphoma in which the
t(14;18) translocation was a cytogenetic halimark (130). Normally in humans, the
bcl-2 gene is located at 18g21; in follicular lymphoma, bc/-2 is translocated to the.
immunoglobulin heavy chain locus (14q32) such that the bc/-2 gene is under the

strong influence of the Ig enhancer elements. This results in an over-expression of

~bcl-2 mRNA and protein (131-133). The bc/-2 gene encodes a 26 kD intracellular

integral membrane protein associated with the mitochondria in lymphoid célls.
Expression of bc/-2 is not limited to lymphoid cells but is extended to cells and tissues
wHich undergo apoptotic turnover (134). Expression of bc/-2 has been demonstrated
in lymphoid germinal centers; stem cells in the bone marrow; glandular epithelium of

breast, thyroid and prostate tissue; and small crypt cells in both small and large
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intestines (134). In its normal function, bc/—2 relates to the generation and
maintenance of memory B cells (135). Over-expression of be/-2 in cell lines has been
show‘n to extend the survival 6f hematopoietic cell lines following growth factor
deprivation and to interfere with programmed cell death. Gene transfer studies have
demonstrated that bc/-2 hés unique biological properties that confer a prolonged
survival advantage .on both lymphoid cells and fibroblasts (136-138). These
observations suggest that aberrant expression of the bc/-2 protein is required in the
development of a Iarge proportion of human B-cell tuhors. In addition, recent studies
have shown that bc/-2 may play a role in tissue morphogenesis (139) and growth
factor-tvriggered signal transduction (140).

It has been frequently observed that in a variety of LPD such as B-cellb non-
Hodgkin’s lymphoma, follicular Iymphonﬁ and diffuse B-cell lymphoma the
chromosdmal tranélocation of the bc/-2 gene is present and the B cells display intense
bcl-2 staining (26,141). In a majority of these t(14,18) translocations, the
translocation clusters within 2 regions: the major breakpoint regioh (mbr) (133,142)
and the minor clusfer region (mcf) (142,143) resulting in an intact bc/-2 coding region
so that the bc/-2/1g heavy chain transcript encodes a normal bc/-2 protein (144,145).
However, recent studies demonstrate that higH level bcl-2 expressioh is also observed
in both lymphoid and myeloid cell lines, with and without_ bcl-2 gene rearrangement
(25,26,146). These results not only indicate that bc/-2 involves a wide spectrum of
hematopoietic neoplasms but also that high level expression of bc/-2 could be

generated by mechanisms other than chromosomal translocation (25,26,146).
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3.3. LPD and EBV.

EBV has been known as the causal agent of infectious mononucleosis, Burkitt’s
‘Iymphoma~and nasopharyngeal carcinoma. In addition_, EBV is associated with a
variety of LPD in patients with congenital, acquired or no apparent immunodeficiency.
In theilast few years, the advent of rnodern techniques with increased sensitivity and
specificity led to an escalated rate of detection of EBV in human malignancies.
Immunocempromised patients with LPD and AIDS are among the most frequently
associated with EBV (21,29,121,147-151). _ In general, EBV-associated i.PD range
widelvy and include Hodgkin’s disease (152-154), non-I-iodgkin's lymphoma (151) and
bone marrow transplant recipients who develop T-cell leukemia or chronic
myelogenous leukemia (29,147). By PCR, conserved regions of the EBV genome
en'c':oding capsid protein and EBNA1 genes were amplified from biobsies of LPD
. patients'(155). ‘Exp.ression of latent genes EBNAZ and LMP1 together ‘with B
Iymt)hocyte adhesion molecules, ICAM1 and LFAé, hai/e been demonstrated in
lymphoproliferative lesions (29). Furthermore, evidence of DNA replication of EBV in
the lytic cycle as well as EBV diffuse early antigen gene broducts‘occurred freql_ientiy
in Iyrnphomas and Iymphoproiivferative Iesion’s‘(21).

| As discussed in Chaptet 2, EBV infection of B cells via the C3d cernplement |
receptor (CD21) results in the expression of viral antigens, po‘chIonaI activation,.
Jinduction of Ig secretion, continuous infection and "immortalization™ of the cells. The
primary result of the EBV infection is to ‘cause proliferation of the infectedl

lymphocytes. An important point to emphasize is that these immortalized cells are
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capable of continuous growth in culture but are not malignant (i.e. do not cause
tumors in nude mice and will not grow in soft agar). in most of the LPD, EBV acts as
a predisposing factor among various factors and contributes to the pathogeneéis of
LPD vié complex interactions with environmentél and genetic elements (149). The
role of EBV in neoplastic disorders remains obscure but its manifestation in related
diseases is é refleqtion of the host’s ability to control and suppress the proliferation
of these infected B-cell clones (122).

In vitro stud}ies with Burkitt’s lymphoma cell lines have shown that expression
of EBV latent genes not only activates B-cell proliferation but also mediates enhanced
survival of these infected cells (106). EBV infected B cells upregulate cellular
activation antigens (for example CD23, CD39 and CD70) and adhesion molecules
(such as LFA1, ICAM1 and LFA3) in the same way as when normal B cells are
stimulated by antigens or mitogéns (156-158). Furthermore, the bc/-2 gene is known
to be activated after mitogenic stimulation of normal B and T cells {(159). These
observations led investigators to | speculate a link between EBV iatent protein
expressioh, bcl-2 gene activation and cell survival (105). Subsequent -DNA
transfection studies have indicated that EBV-infected B cells were protected from
prdgrammed cell death through the expression of bc/-2 under the influencé of a single
EBV latent protein,.LMP1 (105,160).

3.4 Summary.
In view of LIP as a LPD (section 1.3) together with supporting evidence Qf the

association of EBV in LIP (6-8,23-24,161), one may question whether the
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pathogenesis of LIP is due to the classical theory of profuse cellular proliferation or the
prevention of programmed cell death. This thesis addresses this issue and the results
will lead to important aspects of the pathogenésis of LIP and perhaps provide further

~ insights towards the understanding of other LPD associated with EBV.
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CHAPTER 4 EXPERIMENTAL PROTOCOL
The introductory chapters of this thesis provided the background information
for the geheral hypothesis. An overview of LIP in the contexf of a LPD and its
association with EBV was presented in Chépter 1. In Chapter 2, the biology of the
‘EBV and its modés of infection were discussed. Chapter 3 described LPD and
introduced the concept of apoptosis and its relationship with the proto-oncogene, bc/-
2, and how this oncogene may provide an alternate route leading to neoplasia. As the
clinicali and pathological manifestations of LIP are consistent with a LPD, it is
conceivable that abnormal function of bc/-2 could play an important role in the
pathogenesis of the lymphocyte proliferation in this condition. This possibility
prompted the investigation into the EBV latent membrane protein, LMP1, and its
possible role in regulation of the cellular gene, bc/-2.
4.1 General Hypothesis. -
The general hypothesis of this investigation was:

That EBV plays a role in the pathogenesis of LIP via expression of the viral latent
membrane protein, LMP1 . Which results in over-expression of the cellular be/-2 gene.
The purpose of the specific aims described below was to determine if there is an
association betwelenthe presence of EBV LMP1 aﬁd the expression of bc/-2 in LIP.
4.2 Strategy.

- To test the relationshi.p between EBV énd LIP two approaches Were used: (‘i)
detection of the EBV LMP1 gene at the DNA level by the polymerase chain reaction

(PCR) and (2) demonstration of the expression the viral LMP1 gene at the protein level
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using immunohistochemistry. The EBV latent membrane protein, LMP1, was selected
because of its essential role in cell transformation and its involvement in the
upregulation of the host cellular protein, bc/-2, in in vitro systems. Since the bcl-2
gene is expressed constitutively at low levels for normal physiological functions while

high level expression is associated with neoplasia, it was necessary to establish an

- . optimally low antibody concentration to distinguish cells that are aberrantly protected

from programmed cell death.

4.3 Specvific Aims.

There are 3 specific aims in this stud'y:v
1) To demonstrate the presence of the EBV in lung tissue of patient with LIP b\‘/

PCR and compare these levels to those in control fungs.

2) To demonstrate and quantify the expression of the viral latent membrane
protein, LMP1, by immunohistochemistry in lung tissue of LIP patients in
‘comparison to those in the control groups.

3) To compare the expression of the cellular bc/-2 proto-oncogene in lung tissues

| of LIP patients to that of control groups using immunohistochemistry.

4.4 Summary.

‘This study, an extension of the investigation of the role of EBV in LIP by
Barbera et a/ (24), examined the general hypothesis using 2 major approaches: (1)
PCR and (2) immunohistochemistry. These techniques were applied in the
investigation of the etio-pathological role of the EBV at the DNA and protein levels,

respectively.
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CHAPTER 5 MATERIALS AND METHODS
5.1 Sample Information.
5.1.1 Patient Population - Clinical Evaluation.

The three groups of patients in this study were those with LIP {(n=13) and two
control groups: idiopathic pulmonary fibrosis (IPF, n=9) and autopsy cases (AC, n=29)
of non-respiratory illnesses. The lung tissues were formalin-fixed and paraffin-
embedded and were collected from our departmental files or obtained from other
pathologists for the purpose of this study. The thirteen LIP cases and nin'e IPF cases
have been used in a previous study (24). The IPF cases were included as subject
controls in this study because patients with IPF have clinical characteristics similar to
patients with LIP. Prior to the start of the experiments, the diagnoses of LIP and IPF
were confirmed by two pathologists (Drs. J.C. Hogg and R.G. Hegele) based on
clinical evaluations, radiographic and histologicavl findings of the specimens. The nine
autopsy cases with normal lung pathology were obtained from the Dept. of Pathology,
St. Paul’s Hospital. The causes of death include cardiac related illnesses (n=7),
intracere.bral hemorrhage (n=1) and trauma (n=1). There is no record of serologic
studies for EBV or evidence of acute EBV infection in any of these patients. Patients
in all three groups had similar age and sex distribution and this information is
summarized in Table 1. Detailed information of the individual patients are listed in the

Appendix.
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Table 1. . Summary of samples.

Group n Mean Age (yr + SEM) 3:?
LIP 13 56.1 +£ 9.0 - 4:9
IPF 9 59.7 £ 7.2 6:3
AC 9 64.0 + 15.7 7:2

5.1.2 Cell Lines and Control Tissues.

Two human leukemia/lymphoma cell lines were used in this study. Namalwa
cells (ATCC, Rockville, MD), which are derived from a latently EBV-infected African
Burkitt’s lymphoma cell line and have two copies of EBV DNA per cell (162), were
_ used for extraction of DNA which served as control DNA for amplification of both HLA
DQa and EBV LMP1 genes. ‘The Namalwa cells were also used as positive control for
immunostaining by both anti-LMP1 and anti-bc/-2 monoclonal aptibodies (mADb).
BJAB, a lymphoblastoid cell line that lacks the EBV genome (163), served as a-
negative control for the anti-LMP1 mAb. Both cell lines were cultured in 92.5% RPMI |
medium (Gibco, Gaithersburg, MD) with 7.5% fetal bovine serum (Hyclone, Logan,
UT). Confluent cell cultures of these two lines were concentrated, resﬁsbendéd in1%
Io_w meltiﬁg point agarose (Gibco) and embedded in paraffin.. In ad-dition to these
control qell lines, two tissue controls were incIUded:, a tumor from a cése of

nasopharyngeal carcinoma (Mount St. Joseph’s Hospital) and a lymph node from a
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case of follicular ymphoma (Dept. of Pathology, St. Paul’s Hospital) served as positive
tissue controls for anti-LMP1 mAb and anti-bc/-2 mAD, respectively.

5.2 Polymerase Chain Reaction (PCR).
5.2.1 Selection of Oligonucleotides.

-The EBV LMP1 primer sequences were modified from those used by Chén et
al. (164) in that both primers were extended by two bases at each end. Thé
amplification of the EBV LMP1 gene spans the entire exon 1 and part of exon 2 to
~ give a fragment of 501 b'p. A region with a AT:GC ratio of 1:1 between the two
primers was selected as an internal probe (25mer) to the amplified target of the EBV
LMP1 gene. A corserved region of the HLA DQa gene was amplified using published
sequences (165,166) and the flanking primers delimit a 242 bp product. The probe
for detecting the amplified fragment of the HLA DQa gene is a 24-base sequence with
approximately 50% GC content. The primers and internal probes are listed in Table
2. With the exception of the HLA DQa internal probe (Synthetic Genetics Inc., San
Diego, Ca), all oligonucleotides were custom made by the DNA Synthesis Laboratory,

University of Calgary.
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Table 2. Sequences of oligonucleotides used in the PCR analysis.

Gene Primer N Sequence (5’ 3’)

| HLADQa Forward 26 [ GTGCTGCAGGTGTAAACTTGTACCAG
Reverse 28 CACGGATCCGGTAGCAGCGGTAGAGTTG
Internal 24 | TGGACCTGGAGAGGAAGGAGACTG
EBVLMP1 Forward 22 | CCAGAAACACGCGTAACTCTCA
Reverse 22 | GGTACAATGCCTGTCCGTGCAA
Internal 25 | TCATCAGTAGGAGTAGACAAAGGCT

5.2.2 Purification of Primers.

The oligonucleotides were supplied by the manufacturer in a lyophilized,
desaited form. Since all the oligonucleotides were less than 30 nucleotides long, a
simple procedure using the C18 Sep-pak cartridge (Millipore Corporation, Bedford,
MA) was used to remove non-'nucleotidic contaminants (167). Each crude oligomer
was dissolved in 0.5 M ammonium acetate and passed through an acetonitrile (Fisher
Scientific, Vancouver, B.C.) rinsed C18 cartridge. The aqueous salts were eluted
while the oIigonuCleotide was retained by adsorption on the column matrix. The
column was flushed with distilled water before the‘oligonucleotide was eluted with

20% acetonitrile/water. The concentration df the column purified oligonucleotide was
| determined by ;neasuring its optical density at 260 nm (A260),.' on a
spectrophotometer (Perkin ElImer, Norwalk, CT). As 1 absorb‘ance‘ unit at 260 nm is
equivalent fo 37 ug/mi of single-stranded DNA, the volume of Solution 'necessary to

yield the desired amount of oligonucleotide could be calculated.
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5.2.3 DNA Extraction.

Four 20 um sections Were cut on the "820" rhicrotofne (Spencer) using a fresh
biade for each paraffin block to avoid carry-over contamination. DNA was extracted
using the standard protocol (168). Briefly, the samples were deparaffinized using '
Histoclear™ (Diamed Laboratory Supplies Inc., Mississauga, Ont.), washed twice in
95 % ethanol and left to dry in a vacuum desiccator. Proteinase K (Gibco) digestion
was carried out overnight at 50°C.‘ The‘ aqueous phase was extrééted by -
phenol/chlorofofm (1:1, BDH Inc., Vancouver, B.C.) three times, followed by two
chloroform extractions and DNA precipitation in 7.5 M ammonium acetate (BDH Inc.)
and 95% ethanol. The DNA pellet was resuspended in 100 ul of distilled water.
5.2.4 PCR Amplification.

The amplifications were performed on the GeneAmp PCR System 9600 (Perkin
Elmer). Thirty microliters of each DNA sample were used for the amplification of the
HLA DQa gene, and another 30 ul for the EBV LMP1 gene. For each preparation of
extracted DNA, successful émplification of the HLA Qene was required before the EBV
PCR was pérformed. This ensured the analyses of PCR-grade DNA. DNA extractea
from Namalwa cells was used as control for the optimization of PCR conditidns for

both HLA DQa? and EBV LMP1° genes. The cycling temperatures were set at 94°C

_ 2Amplification of the HLA DQa fragment was optimized in a total volume of 100

ul containing 10 mM Tris HCI (pH 8.4), 50 mM KCI, 2.5 mM MgCl,, 0.2 mM of dATP,
dCTP, dGTP, dTTP each, 0.5 yM of HLA DQa forward and reverse primer each, 2. 5
units Taq DNA polymerase {Gibco) (final concentration).

3The EBV LMP1 PCR reaction mix was similar to that for amplification of HLA DQa
except for the MgCl, concentration which was reduced to 1.5 mM and the EBV LMP1
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for denaturation, 60°C for annealing and 72°C for extension over 50 cycles with 10s
and 30s at each temperature for HLA DQa and EBV LMP1 amplification, respectively.
The annealing temperatures and these time intervals were determined empirigally for
each primer set.
5.2.5 Agarose Gel Electrophoresis.

Twenty microliters of the PCR products together with 5 ul of loading buffer
(15% Ficoll 400 (Sigma), 0.1 M Na, EDTA (pH 8, Fisher Scientific), 1% SDS (Fisher
Scientific), and 0.25 % xylene cyanol (Eastman Kodak Company, Rochester, NY)) were
loaded into 6 mm wide wells in a 1.5% agarose gel (Gibco) containing 0.01%
ethidium bromidev(Sigma, St. Louis, MO). Electrophoresis in 1X TBE (90 mM Tris-HCI
(pH 8, Sigmé) 90 mM boric acid (BDH Inc.), 2 mM Na, EDTA (Fisher Scientiflic)) as
running buffer was carried out at 150 V for 1 hour in a gel apparatus (Pharmacia LKB,
prpsala, Sweden). A photograp‘h of each gel illuminated from bélow by a Fisher
Biotech FBTI 816 UV transilluminator (312 nm) was taken thrdugh a Kodak #22
Wratten gelatin filter using a Polaroid MP-3 Land Camera with Polaroid film (Polaroid
Corporation, Cambridge, MA). The amplified products were then transferred onto
Hybond-N (Amersham, Arlington Heights, IL) membranés using the Southern blotting
technique (Section 5.2.6). |
5.2.6 Southern Transfer.

The agarose gels were immersed in a denaturing solution (1.5 M NaCl (BDH

Inc.), 0.5 M NaOH (Fisher Scientific)) for 20 minutes with continuous gentle shaking .

primers were used in place of the HLA DQa primers.
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at room temperature. The buffer was then replaced with neutralization buffer (1.5 M
NaCl, 0.5 M Tris-HCI pH 7.2, 1 mM Na, EDTA) and gently agitated for another 20
| minutes. Each gel was placed over 3 sheets of Whatman 3MM filter paper (Whatman
International Ltd., Maldstone, UK) saturated with 20X SSC blotting buffer ( 3 M NaCl,
0.3 M Na,Citrate.2H,0, pH 7 (BDH Inc.)) which acted as a wick from the same
blotting buffer. A piece of Hybond-N membrane was cut to the exact size of the gel
and placed over the gel. Any air bubbles between the membrane and the gel were.
squeezed out using a glass pipette. Another 3 pieces of 3MM paper (cut to same size
,és the Hybond-N membrane) were placed on top of the Hybond-N membrane. A stack
of absorbent paper towels was placed on top of the 3MM paper and a 0.75-1.0 kg
weight was placed on top. Saran wrap™ was used to seal the borders of the gel to
preVent direct transfer of buffer from the wick to the absorbent paper and to minimize
evaporation during transfer. This set-up permitted the transfer of the DNA from the
gel onto the membrane by capillary action for 12-18 hours. After blotting, the
membrane was air-dried and the DNA on the membrane was UV-crosslinked at 312
nm for four minutes using a transilluminator (Fisher Biotech).

5.2.7 Labelling of Internal Oligonucleotide Probe.

Internal oligonucleotide probes were radiolabeled at the 5’end using the
polynucleotide kinase reaction. Twenty pmole of oligonucleotide, 50 uCi y*?P-ATP
(3000 Ci/mole, 10 uCi/ul; Amersham) and 4.5 units of T4 polynucleotide kinase |
(Pharmacia LKB) in a total reaction mixture of 20 ul containing 0.05 M Tris-HCI pH

8.0, 0.01 M MgCl, (BDH Inc.}), 100 uM Na, EDTA, 100 uM spermidine (Sigma) and
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10 mM DTT (Sigma) was incubated at 37°C for 45 minutes. The reaction was
stopped by heating at 65°C for 10 minutes. The Iab.eled 'probe was purified by DEAE-
cellulose chrbmatdgraphy ina0.7 x 10 cm Biorad column containing 0.5 ml DEAE-
cellulose (Sigma) equilibrated in TE (10 mM Tris-HCI pH 8.0, 1 mM Na, EDTA). Free
phosphate ions and unincorporated nucleotides were eluted by TE and 0.2 M NaCl in
TE, respectively. The labelled probe was eluted by 1 M NaCl in TE in 3 fractions of
0.5 ml each. A 5 ul aliquot of each fraction was analyzed in é Beckman LS 7500
Scintillation counter and thev fraction with the highest number of counts was used as
probe for filter hybridization.

5.2.8 Filter Hybridization and Autoradiography.

The Hybond-N filters with the DNA transferred from the agarose gels were first
incubated at 65°C-for a minimum of two hours in a sealed plastic bag containing the
hybridization buffer (6X SSC; bX Denhardf’s solution (0.1% (w/v) Ficoll, 0.1'% (w/v)
polyvinylpyrrolidone (Sigma), 0.1% (w/v) BSA Pentax Fraction V (Sigma)); 0.5% SDS;
0.05 M sodium phosphate (pH 6.8, Fisher Scientific) and 20 ug/ml denatured salmon
sperm DNA (Sigma)). A minimum volume of 80 ul of hybridization buffer/cm? of filter
was used in the prehybridization stage and this volume was reduced to 40 ul/cm?
when hybridizing with the labelled probe. One corner of the bag was cut, the excess
buffer removed and the radiolabeled probe in fresh hybridization buffer was added.
The bag was resealed and doubled-bagged to prevent leakage. The filters were .
incubated overnight at 65°C. After hybridization, the probe solution was removed,

and the filters were washed in 6X SSC at room temperature for 5 minutes three
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times, followed by another 30 minutes wash at 65°C. Washing was continued at
65°C until the background counts on the filter registered below 5 cps on the hand-heid
Geiger counter (Mini-Instruments Ltd., Esse"x, England).

The moist filters were mounted oﬁto clear film, covered with Saran wrap and
placed in Kodak Lanex screen-lined Kodak X-Omatic cassettes containing Curix RP-1
X-ray film (Agfa-Gevaert N.V., Belgium). The films were exposed either from 4 hours
at room temperature or up to 72 hours at -70°C, depending on the strength of the
radioactive signals, and then developed in a Kodak RPX-Omat Processor.

5.2.9 Densitometry.

The amount of human DNA extracted from the paraffin-embedded sections of
lung tissue was too low to be detected by usual assays for DNA (Hoechst staining or
absorbance at 260 nm). - In order to estimate the amounf of this DNA, the
autoradiograbhic intensity of thé HLA DQa PCR product from standard amounts of
DNA extracted from Namalwa cells (7 pg to 5000 pg) was used to establish a linear
_ relationship- between the intensity of the band and the amount of human DNA present.
The autoradiographic intensity of the HLA Ian PCR products from the lung samples
was measured us{ng the LKB Ultroscan XL Enhanced Laser Densitometer and the
GelScan XL software program (Pharmacia LKB). Thesé were cofnpared to those of
the standards in order to estimate the amount of human DNA suitable for PCR present
in the extracted DNA samples. In the same way, a linear relationship_between the
intensity of the LMP1 PCR product and the amount of EBV DNA present was

established using DNA from Namalwa cells (7 pg to 5000 pg). Likewise, the
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autoradiographic intensity of EBV LMP1 PCR products from lung samples were
compared to those of the standards to estimate the number of EBV genomes present.
By uéing the estimated number of cells, based on HLA DQa PCR, as a denominator,
the number of copies of EBV genomes per cell could be compared among the three
patient groups.
5.3 Immunohistochemistry.
5.3.1 Preparation of Tissue Sections.
Microscopic slides were cleaned using detergent containing 2% Decon 75 (BDH
Inc), rinsed in 100% ethanol, dried, soaked in 2% aminopropyltriethoxy-silane (Sigma)
in acetone (Fisher Scientific) and washed twice in acetone. fhe paraffin-embedded
specimens were cut into 5 ym sections using the. "820" microtome as described in
Section 5.2.3. Four sections from each biock were used for staining with the two
monoclonal antibodies and their.respective controls. The sections were floated onto
a 43°C water bath to remove the creases and then transferred onto the silane-coated
slides that have been labelled appropriately. The slides were air-dried before use or
stored at room temperature.
5.3.2 Optimization of Antibody Concentrations. |
The two specific mAb, EBV anti-LMP1 and huméh anti-bcl-2, were purchased
'.fro,m'Dakopatts (Glostrup, Denmark). Tris-buffered saline (TBS; 0.05 M Tris-HCI pH
7.6, 0.9% NacCl,) éontaining 5% bovine serum albumin was used as a diluent fovr both
the mADb. As suggested by the suppliers, the anti-LMP1 mAb was diluted 1:50 while,‘

for the anti-bc/-2 mAb, a dilution of 1:400 was determined empirically such that
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lymphoid cells which normally express bc/-2 would demonstrate little or no staining
with the anti-bc/-2 mAb, while cells exhibiting excessive expression of the bc/-2 gene
would remain positively stained.

5.3.3 Staining Procedures.

The standard protocol for alkaline phosphatase anti-alkaline phosphatase
(APAAP) technique was employed for both antibodies (169). First, the lung sections
on the silane-coated slides were deparaffinized using Histoclear™. The slides were
then boiled in 10 mM citric acid (pH 6-6.3; BDH Inc) for 10 minutes. This
pretreatment to unmask z;ntigenic sites was suitable for the binding of both antibodies
to formalin-fixed, péraf\fin-embedded tissue (170). After boiling, the indeslwere-
cooled tq room temperature over 15-20 minutes and rinsed in distilled H,0. The
sections were incubated in 5% normal rabbit serum in TBS for 30 minutes to minimize
non-specific stainﬁing. After this blocking step, the primary antibodies or the
corresponding 1gG, controls were applied to the tissue sections and alldwed to
incﬁbate at room temperature for one hour. All antibody staining procedures were
carried oQt in parailel with staining by mouse IgG, at a concentration compafable 10
that of the test antibody. The specificities of both the mAb were assessed by
comparison of the test section fo the corresponding control section stained with the
mouse 1gG;. After one hour, the primary antibodies and the IgG; mAb were washed
off using the same TBS buffer, three times at five-minute intervals. E_S(cess buffer was

blotted dff and the slides were incubated for 20 minutesl with rabbit anti-mouse

immunoglobulin (1:20 dilution, Dakopatts). After washing and blotting as above, the
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sections were incubated with the APAAP reagent (1:50 dilution, Dakopatfs) in TBS
for 20 minutes. During this incubation period, the New: Fuchéin substrate* was
preparéd fresh for each staining experiment. The sections were placed in the
substrate solution for 20 minutes after wﬁich the color reaction was stopped by
rinsing the sections in TBS. The sections were counterstained with Mayer’s
hematoxylin before mounting them in organic solvent medium (Merck, Rahway, NJ).
5.3.4 Light Microscope Evaluati_on.

The slides were coded Withbut knowledge of tissue identity prior to microscopic
examination. The code was revealed only after all slides had been evaluated so that
further analyses of the results could be made.

5.3.5 Estimation of EBV Dénsity.

| The cross-sectional area of each lung section was determined using the
BioQuant BQ System IV software (R&M Biometrics Inc., Nashville, TN). This software
program contains a feature which integrates a measured circumferential distance to
calculate the enclosed area. The cross-sectional area (A) of the lung tissue section
from each sample was obtained as the ‘mean of';che integrated areas from 3
measurements of 'ghe tissue outline. The total nurﬁber of cells (n) stained by the anti-
LMP1 mAbD in each section was counted using a hand-held counter. In order to

correct for the variation in cellularity in the different groups of specimens, the volume

“The substrate solution was prepared in a final volume of 50 ml TBS (pH 7.6)
containing 0.02% sodium nitrite (Sigma), 0.0001% New Fuchsin (Sigma), 1 mM
levamisole (Sigma), and 25 mg napthol AB-BI phosphate (Sigma) dissolved in 300ul
dimethyl formamide (BDH Inc).
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fraction of tissue component (f) was estimated by the method of point counting
(171). Point counting was carried out by superimposition of a 7x12 grid system of
crosses over the microscopic image of tissue. This was done through a telescopic
mirror attachment on the microscope which reflects the grid from the computer screen
onto the image of the tissue in the microscope. The observer then scores the number
of crosses superimposed on tissue, airSpace and blood vessel. 'The volume fraction
of tissue component (f) was calculated as the percentage of crosses superimposed on
tissue over the total number of crosses counted. For each slide, point counting was
.performed onb ra}\domly selected fields. The product of the mean area (A) and fhe
volume fraction of tissue was used to estimate the volume fraction of tissue within
the given area. The number of EBV infected cells per unit area of lung tissue, which

will be referred to as EBV density, was then calculated according to the formula:

EBV Density =
fxA

where n is the number of LMP1 positive cells, f = volume fraction of lung
corresponding to tissue and A = area of the slide taken up by lung tissue.
5.3.6 bcl-2 Scoring System.

A semi-quantitative grading system of two histological features, cellularity and
intensity of bc/-2 staining, was developed. The degree of cellularity ranged from 1 to
3, based on an ascending order of the numbér of cells stained for bc/-2. The intensity_

of bcl-2 staining was graded from O to 3, with grade O = little or no staining, grade
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1 = weak staining, grade 2 = moderate staining, and grade 3 = intense staining.
Sémple photomicrographs depicting all the twelve combinations of cellularity and
intensity were chosen randomly from all three patient groups. Using these
photomicrographs (Figure 2) as standards, slides were evaluated using the 16X |
objective lens. Before examination, the lung section on each slide was divided into
10 segments of approximately equal size using a marker pen. A random field within
each segment was selected for scoring and the 2 histological features were graded
independently but concurrently. The sum of scores of the ten random fields in each
slide was represented as the cumul_ative score for each of the histological features. .

To assess the reproducibility of the bc/-2 scoring system, the intra-observer and
inter-observer variations were determined for each of the two histological features
analyzed. The histological scores from two independent analyses of the same field
were exbressed as a 3 x 3 matrix for cellularity and a 4 x 4 matrix for intensity. Total
agreement between the analyses (e.g. a score of "2" from observer/session A also
being scored "2" from observer/session B) is expected to fall along the diagonal of the
matrix. Since the bc/-2 scoring system was designed to portray consistency of
scoring between and within observers, the rows and columns were expected to be
highly correlated. Therefore, .the variation for each histological feature can be
evaluated by calculating the ratio R,/R,,.., Where R, is the Pearson coefficient of mean
square contingency and R, . is the maximal possible value df the Pearson x2
coefficient if fhere is 100% agreement in the scores. The Pearson coefficient of rnean

square contingency (R,) is a means of evaluating the dependence between rows and
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columns in a matrix. The intra- and inter-observer variations were calculated for each

histological feature using the following formula:

T

o R
Variation = —2— = N T
2max 0-1
N0

‘where T = Pearson x” statistic, N = number of observations and Q = number of
rows (or columns) in a square matrix. The coefficient of intra-observer variation was
established by the same observer (PMK) scoring 100 randomly selected fields 2
months after the first scoring. The int.er-observer variation between 2 individuals (the
author, PMK and Dr. R.G. Hegele) was determined from the simultaneous scoring of
100 random fields using a teaching microscope.

5.4 Photography.

Photomicrographs of selected lung sections were obtained on a Zeiss
Photomicroscope Il (Zeiss, West Germany). KG400 color films (East'mén Kodak Co,
New Haven, CT) were used for photography of the sections and were sent to thev filrij
laboratory for processing and printing.

5.5 Statistical Analysis.

Statistical alnalyses were performed on anti-LMP1 mAb and anti-bc/-2 mAb
immunostaining data using SYSTAT’ Version 5.1 software (Systat, Inc., Evanston, IL).
5.5.1 PCR Analysis.

The null hypothesis, that no difference existed in the mean number of copies
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of EBV genome per c.ell among tne 3 patient groups, was tested using the method of |
'single factnr analysis of variances (ANOVA). In the event of rejection of the nuil
hYpothésis, furthei anaiy#is was carried out to investigate the nvature of diffeiences_.
The sequential rejective B_onferroni piocedure was nsed to correct for multiple '
comparisons (172). "
5.5.2 Analysis of EBV Density.
The presence of the EBV in a cell was interpreted by the staining of the. viral
| protein LMP1 dlue to fhe EBV anti-LMP1 mAb; when ai distinct signal was observed, .
it was considered positive and the absence of signal yielded negative data. "i'he' EBV
étatus ‘(positive versus negative) of the three gibups' was analyzed uéing contingency
table analysis ()(2 statistics) and a value of p<0.05 was considered to be statistically
significant. If the disease state of the 3 groups sampled was not independent of the
'EBV status, further analysis using Tukey-type testing was used (173). Of the cases
that' were EBV positive, the EBV density data were transformed by the logarithmic
opeiation an(i analyzed by ANOVA and corrected for muIti’pIe comparisons using the
sequential rejective Bonferroni procedure (172). Again, a value of p<0.05 was
considered to be statistically sig‘nific.ant. ) |
5'.5.3 bcl-2 Analysis.
Tne two histological features, cellularity and intensity, obtained nsing the
human anti-bcl-2 mAb were analyzed independently. ANOVA testing ‘was appiied to
the null hybothesis that no difference existed in the mean cumulative cellularity score °

among the 3 sample populations. In the event of the rejection of the null hypothesis,
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further analysis was carried out to determine the significant différences. To analyze
the other histological feature, intensity, a similar null hypothesis using similar
analytical procedures was set up to test the mean cumulative intensity score. A value
of p<0.05 was considered to be of statistical significance for both the above null

hypotheses. -
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Figure 2. bcl-2 scoring system.
Representative mid péwer photomicrographs of human Iu'ng tissue stained with
human anti-bc/-2 mAb (1 in 400 dilution) and graded according to the cellularity
(x =.1,2,3) and the intensity (y = 0,1,2,3).

(Hematoxylin counterstained; bar represents 50 ym)

Panel a:Score = (1,0)
Panel b:Score = (2,0)
Panel c:Score = (3,0)
Panei d:Score = (1,1)
Panel e:Score = (2,1)
Panel f:Score = (3,1)
Pénel g:Score = (1,2)
Panel h:Score = (2,2)
Panel i:Score = (3,2)
Panel j:Score = (1,3)
Panel k:Score = (2,3)

Panel I:Score = (3,3)
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CHAPTER 6 RESULTS

All the necessary patient information and data collected duri'ng thé course of
this study and the relevant statistical analyses can be found in the Appendix. 6.1

Specific Aim 1: PCR Analysis.

PCR érﬁplification was calibrated using DNA extracted from Namaliwa 'célls.
Densitometric measurement of the autoradiographic band of PCR products brobed by
internal oligonucleotides was performed to bbtain a linear relationship for calibration
of both HLA DQa and EBV LMP1 PCR between 7 pg and 5000 pg of template DNA
(Figure 3; Appendix Il - Tables 7 and 8). Both PCR reactions reached a plateau when
the DNA template was greater t.han the above range (data not presented).

Of the thirteen LIP cases, only one case yielded the 242 bp HLA DQa band.
in the IPF group, four out of nine cases were HLA DQa positive, while in the AC
group, all nine cases had the HLA DOa gene amplified.

The one LIP case which was positive for HLA DQa was negativé for the EBV |
PCR. Of the four HLA DQa positive cases from the IPF group, only one case was also
EBV positive by PCR. Five out of nine AC cases were positive for EBV by PCR.
Amplification of the EBV LMP1 gene was not carried out in those cases which were
HLA DQa negaﬁve. Samples in which the DNA was not suitable for PCR consisted
of the majority (12/13) of the LIP samples and 5/9 cases from the IPF group. PCR
prodUcts of both HLA DQa and EBV LMP1 bf selected cases are illustrated in Figure

- 4. PCR data are summarized in Appendix il, Table 9.
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Figure 3. Calibration of PCR.

Standard curves correlating PCR product yield to template DNA concentration.
PCR amplification of the (A) HLA DQa and (B) EBV LMP1 genes were calibrated
using known amounts of DNA extracted from Namalwa cells. The intensity of
the amplified products was determined by densitometric measurements of the
band on the autoradiograph after Southern blot hybridization (a and b,
respectively). A linear relationship was obtained for both amplification of the

- HLA DQa gene (r?=0.91) and the EBV LMP1 gene (r>=0.95). Mean + SD of
3 replicates plotted (SD bars omitted if too small).
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Figure 4. Autoradiograph of PCR products.

Autoradiograph of the (A) HLA DQa product (242 bp) and the respective (B)
EBV LMP1 product (501 bp) from selected LIP (lanes 1 to 3), IPF (lanes 4 to 6)
and AC (lanes 7 to 9) patients. All samples presented were positive for
amplification of the HLA DQa gene except for 2 LIP patients {lanes 2 and 3).
The only HLA DQa positive LIP patient was negative for the EBV LMP1 PCR.
DNA samples from one IPF (lane 4) and 2 AC (lanes 7 and 9) patients were
EBV LMP1 PCR positive.
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(A) HLA DQA

(B) EBV LMP1
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6.2 Specific Aim 2: Immunostaining with EBV Anti-LMP1 mAb..

The Namalwaj cell line tested positive for LMP1 by monoclonal Ab s‘tainving
(Figure’ 5) while the BJAB cells were negative ‘(data not presented). DiffuseA
cytoplasmic staining specific i‘or the EBV LMP1 Lprotein was observed in ':the Namalwa
cells (Figure 5a) as well as in the pdsitive tissue control, nasopharyngeal carcinoma
(data not shown). LMP1 positive cells in the lung tissues from all 3 patient groups
were of epithelial origin. Pﬁotomicrographs of a lung section from a patient W|th L|_I>
stained with the anti-LMP1 mAb and non-specific I‘gG1. are iI'Iustrat.ed in Figure 5¢c and
Sd, respcctively. Diffuse LMP1 sighals.were_localized in the apical region of cpithelial '
~ cells lining the bronchioles. LMP1 signals were not observed in Iyniphoid cells in any
of the patient samples. -

Thc results of the immunostaining with EBV anti-LMP1 mAb are summarized
| in Table 3. Data pertaining to the calculation of EBV density was presented in
Appendix Il, Table 10. Immunostaining with the anti-LMP1 mAb was positiva in ten
of thirteen patients with LIP (77%) and three.'of nine cases in both control grcup_s
\(33%). | The incidence of LMP1-positive cells in lung tissue frcm LIP patiénts was
' significantly greater than' those of the control groups ()(‘2 statistics, ps(i.05).” Tl'ie
mean EBV vdensity of the positive cases in LIP patients was 1.4 times greater than
those of the IPF patients and 20 times greater than those of the AC patients. ANOVA
analysis of Iogarithmic-traiisformed positive EBV derisity were statistically significant -
(LIP versUs 1PF: p<0.01, LIP‘versus AC: p=<0.009). There was no .diffAe}rence‘

between the mearn EBV density in lung tissues of IPF and‘AC patients.
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Figure 5. lmm'u,nostaining with EBV anti-LMP1 mADb.

Photomicrographs of EBV LMP1 immunostaining of Namalwa cells (positive
control, a and b) and lung tissue from a LIP patient (c and d). Panel a: _
Namalwa cells show strong membrane and cytoplasmic signals. Panel b: 19G,
negative control. Panel c: EBV LMP1 protein was localized to the apical region
of epithelial cells lining a bronchiole (B). Lymphoid cells within a nearby
lymphoid aggregate (L) were negative. Panel d: IgG, negative control.
(Counterstained with Mayer’s hematoxylin; bar represents 50 ym)
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Table 3. Summary of Immunostaining with EBV ahti-LMP1 monoclonal antibody.

LIP IPF AC

No. of positive cases 10/13° 3/9 3/9
(77 %) (33.3%]) (33.3%)

No. of positive blocks 20/26 5/20 3/18

(77%) (25%) (17%)
EBV Densityt ’ '
Mean 1.41 + 1.14% 0.10 + 0.05 0.07 + 0.04
Range 0.13-3.72 0.03-0.16 0.04 -0.12

* p<0.05 LIP vs IPF and LIP vs AC, statistically significant.
Tt Based on LMP1 positive cases only. _ ,
1 p<0.01 LIP vs IPF and LIP vs AC, statistically significant.

6.3 Specific Aim 3: Immunostaining with human Anti-b¢/-2 mAb.

For all 3 patient groups, staining for the bc/-2 protein was observed most
commonly in cells of lymphoid 'origin. In all thé lung sections, bc/-2 signals were
observed in several lymphocytes within the alveolar septa. In addition, lymphocytes
w’ithin the lymphoid aggregateé in lung tissue frqrh patients with LIP weré strongly
positive for the anti-bc/-2 mAb.

The distribution of the cumulative scores for cellularity and intensity of bc/-2
staining in the lung tissue from the three patient groups are illustrated in Figure 6
while the corresponding data are presented in Appendix I, Table 11. Analysis by
ANOVA showed that the mean cumulative cellularity score in LIP lung tissue was

higher than that in IPF lung tissue (p<0.005) and also higher than that of patients in
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the AC group (p<0.005). Tﬁere was no significant difference in the mean cumulative
cellularity scores of the IPF and AC control '.grou.ps.

| By the ANO\/A analysis of the meén cumulative intensity scores, there was no
difference between the LIP group and the IPF group (p=0.46). However, in the
comparison of the patients with interstitial lung disease with either LIP or IPF, to AC
patients, the bc/-2 cumulative vintensity scores were significant (LIP versus AC,
p<0.008; and IPF versus AC, ps0.05).

The reproducibility of the bc/-2 scoring system was validated through the
analysis of within- and between-observers values of R,/R,,.. for each histological
feature. The R,/R,,., value of intra-observer variation was calculated to be 0. 98 for
cellularity and 0.97 for intensity. The inter-observer R,/R,,,., value was 0.75 and 0.84

for cellularity and intensity, respectively.

;
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Figure 6. Analysis of bc/l-2 staining.

- Paraffin sections of lung samples from LIP samples (®, n=13), IPF (1, n=9)

and AC (+, n=9) patients were stained with anti-bc/-2 mAb and scored for

Cellularity ( top panel, * p<0.005) and Intensity ( bottom panel, * p<0.05)

based on the semi-quantitative scale described in Materials and Methods. Each

symbol represents the cumulative score from the 10 random fields examined

for each individual. The mean of the cumulative scores of each patient group
~ is indicated by a horizontal bar. :
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CHAPTER 7 DISCUSSION

The final chapter of this thesis compares the results of tihe present study to
those of previous studies, focusing mainly on the consistency and/or contradictions
between studies and the relevant implications. Because of technical difficulties, PCR
has not been useful in obtaining informative data for determination of the prevalence
of EBV and estimation of the number of copies of EBV genomes per cell in lung tissue -
of  patients with LIP compared to “controls. The results based on
immunohistochemistry showed that EBV LMP1 was more prevalent with an increased

EBV density in LIP patients (p<0.01). Furthermore, LIP and IPF lung tissue had

~ increased expression of be/-2 in comparison to AC (p<0.05). These results support

the hypothesis that EBV plays a role in the pathogenesis of LIP via expression of the
viral latent protein, LMP1, and that over-expression of the cellular bc/-.2 gene may be
involved.
7.1 Specific Aim 1: Polymerase Chain Reaction.

Amplification of the single-copy human gene, HLA DQa, was successful in only
one out of thirteen DNA samples extracted f(om patients with LIP and four out of nine
from those in the IPF group. The one LIP case that wés HLA DQa positive was EBV

LMP1 negative by PCR. This particular case was a recent addition to the LIP series

in which most of the cases were collected over twenty years ago. Of the four IPF

cases that were positive for HLA DQa PCR, only one case tested positive in the EBV
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LMP1 PCR. Amplification of another housekeeping gene such as the S-globin g.;ene5
on the DNA samples which were negative by HLA PCR were likewise negative.
Failqre to amplify essential housekeeping genes may be attributed to the ihtegrity of
the preserved DNA, which may in turn be affected by the age of the formalin-fixed

lung tissue®. Further PCR experiments’ were carried out on the HLA DQa negative

‘samples "spiked” with a fixed amount of extraneous human placenta DNA (174). The -

results showed that an increasing amount of DNA from patients with LIP/IPF caused
a corresponding decrease in the amplification of the extraneous DNA. This finding
indicated the likelihood of the presence of PCR inhibitor(s) which may interfere with

the activity of the Taq polymerase. To evaluate this possibility, Centricon filters®

®The B-globin PCR was carried out in a total volume of 50 ul containing 25 pmol
primers (GH20 and PCO4 (Perkin Elmer, gift from Dr. M. Daya)), 1.25 mM of dATP,
dCTP, dGTP and dTTP each, 10 mM Tris HCI (pH 8.4), 50 mM KCI, 2.5 mM MgClI,
and 1.25 units of Taqg DNA polymerase. The cycling conditions were 94°C 1 min,
65°C 2 min and 72°C 1 min for 40 cycles using the PCR System 9600. These
conditions were optimized by Dr. Daya and coworkers.

®A similar situation had been observed by Dr. K. Kuwano (Pulmonary Research
Laboratory, UBC).

‘DNA samples extracted from patients with LIP/IPF which were HLA DQa PCR
negative were used as a source of genomic DNA. Increasing amounts of genomic
DNA (1, 5, 15 and 30 ul) were amplified in the presence/absence of extraneous DNA
(50 pg human placenta DNA) using HLA DQa primers.

8DNA samples from LIP/IPF patients were extracted as described in Section 5.2.3.
and dissolved in 100 ul distilled water. Samples were then additionally extracted once
with equal volume of phenol (equilibrated with 100 mM Tris HCI (pH 8.0), 0.1% -
hydroxyquinoline), once with 1:1 mixture of phenol and chloroform and once with
chloroform. The supernatant was centrifuged through Centricon-30 membrane
(Amicon, UK; donated by Dr. B.M. Walker) by using a Beckman JA-14 rotor (angle
25°) at 5000 x g for 30 min. The final retentate was used for amplification of HLA
DQa gene.
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were employed in an attempt to remove any PCR inhibitors that may be present (174).

Amplification of the Centricon-filtered DNA with HLA DQa primers remained negative.

“Consequently, it was not possible to draw a conclusion about the EBV status in these -

samples by the PCR technique.
Amplification of the HLA DQa gene'vwas successful in all nine AC cases of

which five were also EBV LMP1 positive. Aithough we were unable to compare these

results with that of the interstitial lung disease samples, the prevalence of EBV in 'Iung

tissue of AIC controls agree with the PCR data published by Cheung et a/ (175) in
which five out of nine normal subjects were EBV positive. This apparently high rate
of detection of EBV DNA in "normal” subjects is a plausible finding considering fhe
high proportion (>95%) of EBV-seropositive individuals in the general population
(176).

7.2 Specific Aim 2: Immunostaining with EBV anti-LMP1 mAb.

In this thesis, immunohistochemistry localized the expression of the EBV latency
gene, LMP1, to the respiratory epithelium of lung tissues in LIP patients and the
control IPF and AC patients. The EBV prevalence was found to be greater in the LIP
group than in the éontrols. When the scoring system used to define the EBV density
was applied to the lung tissues that were poéitive for antf-LMP1 mAb, the EBV density
in LIP patients waé 14 to 20 times higher than controls.

The overall result that EBV is more prevalent in LIP patients than controls is
consistent with the finding of Barbera et a/ (24). These investigators demonstrated

EBV DNA in nine out of fourteen cases of lung tissue from LIP patients compared to
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two out of ten IPF patients by in situ h;lbridization (24). However, an apparent
discrepancy is observed in the localization of signals in different cell types when using
different techniques. By in situ hybridization, Barbera et a/ (24) identified EBV DNA
harboring cells to be of mainly lymphoid origin annvg the alveolar septa and Iessl
frequently' wi;chin the lymphoid aggregates. In contrast, the present study, localized
EBV-encoded LMP1 to epithelial cells lining respiratory bronchioles. The different
distribution of EBV genome and protein might be one way in which the EBV evades
.the host immune surveillance, since determinants from LMP1 may be recognized by |
CD8 T lymphocytes in the context of speci_f_ic blass | MHC molecules (177). Down- -
regulation of LMP1 in B lymphocytes would therefore prolong survival of EBV-infected
B cells and facilitate tumor development (54).

The finding of LMP1 signals in epithelial cells of respiratory bronchioles in both
control Qroups by immunohistochemistry, as discussed previously (Section 7.1), is a
reflection of the high prevalence of EBV-seropositive individuals. However, the
scoring system employed in this thesis revealed a higher EBV density in LIP lungs
compared to controls. As the IPF controls had a similar EBV prevalence and EBV
density aé the AC controls, this suggests that 'IPF, unlike LIP, is not associated with
EBV infecﬁon.

Immunohistochemical labelling with anti-LMP1 mADb is a simple and useful
technique that allowed the detection of the viral latent membrane protein LMP1 in
paraffin-embedded lung tissues. In addition, the scoring system deéigned in this

thesis estimated the EBV density. Two major advantages immunohistochemistry has
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over PCR is that the former not only aIIowS the examination of the presevrved tissue
architecture but arso confirms the active expression of the gene investigated within
specific cells. Immunohistochemistry may therefore be used as an alternative method
of investigation in situations in which the samples are not suitable for PCR.

7.3 Specific Aim 3: Immunostaining with human anti-bc/-2.

The bcl-2 immunohistochemical data indicate that lung tissue from LIP patients
had the greatesf number of lymphoid cells displaying strong bc/-2 signals. In
comparisbn, there were significantly fewer bc/-2 positive lymphoid cells in the IPF
controls with similar intensity and the AC group had few weakly positive bc/-2 cells
of lymphoid origin. These results suggest that constitutive expression of bc/-2 may
contribute to Iymphorﬁagenesis in LIP and that dysregulation of bc/-2 expression may
play a role in the pathogenesis of LI‘P. |

High level expression of bc/-2 is frequently observed in a wide spectrum of LPD
(26,27,141,i46,147,178) and is anticipated in LIP. In these previous reports bc/-_2
expression was analyzed by mRNA studies and was measured by semi-quantitative
methods. In the present study, only formalin-fixed paraffiﬁ-embedded lung tissues
were available, hence detection by immunohistochemistry was more appropriate.
However, analysis of overall bc/-2 expression can only be determined by semi-
quantitativé methods such as one used in this thesis. In the scoring System described
in Section 5.3.6, the two hist.ologicall features, cellularity and intensity, are both
essential for determination of the level of bc/-2 expression. Therefore, a significant

increase in either cellularity or intensity would indicate in significant increase in the
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level éf bcl-2 expression.

The association between bc/-2 and LIP has not been previously reported. ‘As
has been proposed fbr a Iargé proportion ofy hematopoietic neoplasms, it is plausible
that elevated bcl;2 expression confers survival advantage and protects against
apoptosis of bc/-2 positive neoplastic cells. Extended cell survival could provide an
increased opportunity for acquiring secoﬁdary genetic defects in growth and
proliferation gene; and/or tumor suppreséor genes. (124). In addition, a prolonged B
ce_II life span has been implicated in the pathogenesis of lymphoid neoplasia in studies
using transgenic mice (179). Sjmilarly, cells which display intense bc/-2 staining in
the lung tissue of LIP patients may be protected from apoptosis. The accumulaﬁon
of persistent lymphoid elements within the lymphoid aggregates of LIP lung tissue may
be related to the survival advantage conferred by bc/-2 and these mechanisms could
be involved in the progression of LIP to low- or mid-grade non-Hodgkin’s lymphoma.

In the IPF series, a small proportion of cells with intense bc/-2 staining was
observed. The accumulation of a considerably smaller number of long-lived cells may
have a lesser effect in the disruption 6f normal tissue homeostasis and suggests that
éccumulation of long-lived lymphoid elements leading to malignant lymphoma is
unlikély. However, the significance of the presence of a minority of cells with high
IevélS of bcl-2 protein remains unclear. | |

Concerning the clinical implications of the current findihgs, over-expfe"ssion of
bcl-2 has been reported to confer a worse prognosis in non-Hodgkin’s lymphoma

(180), acute myelogenous leukemia (181) and prostate carcinoma (1 82). Whether the
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same holds true for the prognosis of LIP could not be determined since LIP is not a
major cause of death in these patients. The association of LIP with aberrant
expressidn of bcl-2, as presented in this thesis, suggests that the routine management
of LIP invblving steroid treatment and/or chemotherapy (3) be re-evaluatéd since cell
death induced by these agents is inhibited by bc/-2 expression (28).

7.4 Comments and Conclusion.

The experiments performed in this thesis were designed to explain the possible. '
role of latent EBV infection in the etio-pathogenesis of LIP mediate.d through increased -
expression of be/-2, an apprdach other iAnvestigators have used for a variety of other
neoplasms (183-186). However, .in contrast to the in vitro demonstration of
upregulation of bc;l—2 by the EBV LMP1, none of these studies has conclusively
demonstrated a direct relationship between LMP1 and bc/-2 expression. Although the
results obtained in this thesis demonstrated the higher prevalence of the expression
of EBV LMP1 gene as well as the over-expression of the cellular bc/-2 proto-oncogene
in lung tissues of LIP patients, the immunohistochemical staining localized the EBV
LMP1 signals to epithelial cells of the respiratory bronchioles while bc/-2 signais were
localized to lymphoid cells. Since the immuno-signals of bc/-2 and LMP1 are generally
manifested in different cell types in the human lung tissue, it is therefore unlikely that
the expression of these two proteins are directly linked.

A genefal and simplistic view of LPD could be descfibed by the equation (28):
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Rate of cell accumulation

= Rate of cell prbliferation - Rate of cell death

Excess cells accumulate either by increasing the rate at which cells divide br by
decreasing the frequency with which cells die. In LIP, the higher prevalence of EBV
associated with this disease suggests the likelihood of an increase in cell proliferation
due to immortalization of B cells by the virus. At the same time, high level expression
of bcl-2 inhibits programmed cell death. Therefore, lymphoproliferation in LIP is
compounded by both the role of EBV and the effect of high level bc/-2 expression.
In conclusion, the EBV may play a role in the pathogenesis of LIP mediated
through the expression of LMP1 and constitutive expression of bc/-2 could contribute

to the tumorigeneéis of LIP.
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APPENDIX
| PATIENTS’ INFORMATION

Table 4. Lymphocytic Interstitial Pneumonia cases.

Pat # Age Sex Comments/Other diseases

L1 57 M  Acute myocardiac infarction
L2 69 F Esophageal carcinoma
L3 62 F Gluten sensitive enteropathy

L4 70 F Hypothyroidism

L5 50 F Abdominal and lung lymphoma
L6 50 F  Sjogren’s syndrome

L7 42 F  Sjogren’s syndrome

L8 55 F  Duodenal ulcer disease

L9 47 M NA?

L10 52 M  NA

L11 59 F NA

L12 70 M NA

L13 46 F  Mucosal associated lymphoid tumor of lung.

°NA = No clinical information available.
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Table 5.

~ Idiopathic Pulmonary Fibrosis cases.

Pat # Age Sex Comments/Other diseases

121 57 M  Worked in foundry

122 54 M  Reactive hyperplasié in lymph nodes
123 71 ‘M -10

124 64 F -

125 | 65 F Severe coronary artery disease

126 46 M -

127 62 M -

128 57 F -

29 61 M -

%_ No other comments or complaints.
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Table 6.

Autopsy cases.

Pat # Age Sex Cause of Death

A11 48 M Acute myocardial infarction
A12 73 M  Operation of mitral valve
A13 65 M Intrécerebral hemorrhage
A14 76 M  Acute myocardial infarction
A15 68 F Acute myocardial infarction
A16 74 M Acute myocardial infarction
A17 60 F Operation of mitral valve
A18 31 M Trauma

A19 81 M Arrhythmia
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Il EXPERIMENTAL DATA

Table 7. HLA DQa PCR Calibration.

DNA Template (pg) Band Intensity"’ Mean + SD

0 O..498; 0.551; 0.632 0.560 + 0.067

7 1.650; 2.113; 2.968 2.244 + 0.669

21 _ 11.420; 9.123; 8.999 - 9.847 + 1.363

35 9.590; 10.589; 11.823 10.667 + 1.119

50 14.174; 13.059; 12.007 13.08 + 1.084

500 14.588; 16.975; 17.193 16.252 + 1.445

5000 22.697; 20.497; 23.061 22.085 + 1.387
a, = 0.4024
a, = 6.0771
r2 = 0.9536

Equation of best fit line for band intensity (y) plotted against amount of template DNA
- {log x): :

-y = 6.0771(log x) + 0.4024

""Band intensity was measured as Absorbance at 633 nm relative to_the
background (=zero).
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Table 8.  EBV LMP1 PCR Calibration.

DNA Template (pg) Band Intensity'? Mean + SD
0 0; 0.193; 0.21 0.134 + 0.117 .
7 0.271; 0.444; 0.217 0.200 + 0.08
21 2.160; 2.494; 2.218 2.291 + 0.1748
35 4.412; 3.875; 3.241 3.843 + 0.586
50 5.313; 5.488; 4.608 5.136 + 0.466
500 8.544,; 8.011; 7.522 8.026 + 0.511
5000 9.948; 10.524; 10.928 10.467 + 0.493
a, = -1.9053
a, = 3.5260
r’ = 0.9759

Equation of best fit line for band intensity (y) plotted against amount of template DNA
(log x):

y = 3.56260 (log x) - 1.9053

2Band intensity was measured as Absorbance at 633nm relative to the
background (=zero).
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Table 9. PCR - Amplification of the HLA DQ« and EBV LMP1 gene using DNA extracted from LIP, IPF and AC patients.

LIP IPF AC
Pat# HLA BI® EBV Bl | Pat# HLA BI EBV BI | Pa# HLA BI EBV  BI
L1 - NA* NA NA | I - NA NA NA | A3+ 208 + 19
L2 - NA NA NA | ™ - NA NA NA | A32 + 207 - 0
L3 - NA NA NA 123 - NA NA NA | A33  + 20.9 - 0
L4 - NA NA NA | 14 + 117 + 05 | A3  + 17.4 - 0
L5 - NA NA NA | I25 + 19.4 - 0 A35 + 9.0 + 2.3
L6 - NA NA NA 126 - NA NA NA | A36 o+ 122 + 1.5
L7 - NA NA NA | I27 . NA NA NA | A37 + 11.5 - 0
L8 - NA NA NA | 128 + 18.5 - 0 A38 + 14.8 + 3.6
9 - NA NA NA | 29 + 201 - 0 | A3 + 186 + 07
LI0 © -  NA NA NA
L1 - NA NA NA
L2 - NA NA NA
L13 + 9.3 - 0

'pat# = Patient reference number.
2Bl = Band intensity was measured in arbitrary units using UltroScan densitometer. -
*In cases where more than one block of lung tissue is available, the average intensity of the PCR product from all blocks is presented.

‘NA = Not available.
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Table 10. Summary of Immunostaining with EBV anti-LMP1.

LIP | IPF AC
Pat# n! - f2 A3 D* Pat# n f A D Pat# n f A D
LI 45 067 5228 013 | I21 0 0.45 226.7 0 | A31 6 0.57 2942 0.04
L2 259 071 7717 047 | 122 0 08 785 0 A32 0 0.57 3649 0
L3 498  0.77 103.1 372 | 123 33 0.81 260.8 0.16 | A33 0 073 2562 0
L4 223 0.86 350.8 0.74 | I24 0 084 972 0 A34 0 0.49  331.1 0
L5 15 0.67 1663 0.13 | I25 79 0.7 1115 0.1 A35 9 0.75 2432 0.05
L6 1075 0.67 8502 1.89 26 0 0.66 125.4 0 A36 0 0.48  349.1 0
L7 0 0.54  159.4 0 127 11 0.63 5424 0.03 | A37 0 061 2664 0
L8 274 0.7 2128 1.84 | 128 0 0.43  302.2 0 A38 0 043 1147 0
L9 0 0.88 142.4 0 129 0 091 218.1 0 A39 7 0.23 260.1 0.12
LI0 0 098 1199 0 |
L11 26 0.89 60.0 0.49
L12 115 091 593 213
L13 761 0.6 5003 2.54

In = Total number of EBV-infected cells ,5 all blocks available.
f = Mean volume fraction of lung section which is tissue.
*A = Total area of slide occupied by lung section based on BioQuant measurement in mm?.

‘D = EBV Density is defined as the number of EBV-infected cells per unit area of lung tissue.
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Table 11. Summary of Immunostaining data using human anti-bcl-2 mAb.

LIP - ~ IPF | "~ AC
Pat# Sum Cell! Sum Int? Pat# Sum Cell Sum Int Pat# Sum Cell Sum Int
L1 21 4 21 10 8 A31 16 1
12 | 27 7 22 20 2 A32 12 0
L3 17 23 123 22 5 A33 13 1
4 15 25 124 13 12 A34 10 0
L5 22 9 | 125 12 3 A35 18 2
L6 30 9 126 11 11 A36 10 6
L7 11 17 127 11 8 A37 13 1
L8 22 18 8 10 28 A38 15 11
L9 19 9 129 10 17 A39 12 2
L10 11 4
L1l 19 25
L12 30 5
L13 . 26 - 10
MeanScore  20.8+6.4  12.7+7.9 13.2+4.5  10.4+8.1 13.242.7  2.743.6

'Sum Cell = Cumulative score for celluarity defined as the sum of scores of 10 randomly selected fields based on 8::5:&

2Sum Int = Cumulative score for intensity defined as Em sum of scores of 10 randomly selected fields based on intensity.




I STATISTICAL ANALYSES

A) EBV status (positive versus negative) among the 3 groups was analyzed using x?
statistics corrected for multiple comparison by Tukey-type testing (173)

Ho: Groups (LIP, IPF and AC) are independent of EBV status.
H,: Groups are NOT independent of EBV status.

x? < 5.991 s p = 0.05
~. Reject Hy,, Statistically Significant.

B) EBV Density' among the 3 groups was analyzed using single factor ANOVA with
sequential rejective Bonferroni procedure to correct for multiple comarisons (172).

Hy: There is no difference in the mean EBV Density among the 3 groups.
H,: There are differences in the mean EBV Density among the 3 groups.

Foosay2,13 = 9.98130 s p=<0.003
.. Reject Hy, Statistically Significant.

LIP vs. IPF  Fy 0,55 = 11.13872

p=<0.01
<. Reject Hy, Statistically Significant.
LIP VS. AC FO.OS(I),1,13 = 13.39934
' p=<0.01 _
’. Reject Hy, Statistically Significant.

IPF VS. AC F0.05(1):1’13 = 0.06783
p=<0.80 ' .
. Do NOT reject Hy, not significant.

1Only cases with positive EBV 'density were logarithmically transformed and evaluated.
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6))] The mean cumulative cellularity score (based on bcl-2 immunostaining) among the
3 groups was analyzed using single factor ANOVA and corrected for multiple
comparisons using the Bonferroni procedure (172).

Hy:  There is no difference in the mean cumulative score for Cellularity among the 3
groups. - v

H,: There are differences in the mean cumulative score for Cellularity among the 3
groups. '

FO.OS(I),2,28 = 8.50854 pS0.0I
~. Reject Hy, Statistically Significant.

“p < 0.005
*. Reject H,, Statistically Significant.

p < 0.005
-. Reject H, Statistically Significant.

p = 1.000
<. Do not reject Hy, not significant.
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D) The mean cumulative intensity score (based on bcl-2 immunostaining) among the 3
groups was analyzed using single factor ANOVA and corrected for multlple
comparisons using the Bonferroni procedure (172).

Ho:  There is no difference in the mean cumulative score for Intensity among the 3
groups.
H,: There are differences in the mean cumulative score for Intens1ty among the 3 groups.

Fo 05(1)228 = 5.67439 p<0 009
. Reject Hy, Statistically Slgmﬁcant

: p = 0.46529
*. do not reject H,, not significant.

LIP VS. AC FO.OS(I),1,28 = 10.90128
< 0.008
*. Reject H,, Statistically Significant.

IPF vs. AC  Fygsq),128 = 5.55154
p 0.05
. Reject Hy, Statistically Significant.
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E) Inter-observer variation of bcl-2 histological scoring system: ‘
n=100 randomly selected fields; obs A = histological score given by myself (PMK);
obs B = histological score give by RGH. Boldface numbers indicate the grade (0,
1, 2 or 3). Plain type numbers within the matrices represent the number of
observations corresponding to the grades given by the 2 observers. R, is the Pearson
x2 coefficient of mean square contingency and R,/R,_,, is the ratio of the maximal
possible value as described in Section 5.3.6.

Cellularity
obs A
Grade 1 2 3
1 58 1 0
obs B 2 20 8 2
3 1 4 6
R, = 0.61
R,/R,... = 0.75
Intensity
| obs A
Grade 0 1 2 3
0 | 35 | 12 0 0
obs B 1 1 19 7 3
2 1 1 8 3
3 0 0 2 8
R, = 0.73

R,/Rysy = 0.84
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F) Intra-observer variation of bcl-2 histological scoring system:
n=100 randomly selected fields; run 1 = histological score given in first run (PMK);
run 2 = histological score given in second run. Boldface numbers indicate the grade
(0,1,2 or 3). Plain type numbers within the matrices represent the number of
observations corresponding to the grades given in the 2 runs. R, is the Pearson x2
coefficient of mean square contingency and R,/R,.,. is the ratio of the maximal
possible value as described in Section 5.3.6.-

Cellularity -
run 1
Grade | 1 2. 3
1 68 2 0

run 2 2 1 14 0
3 0 2 13
R, = 0.78
Ry/Ryax = 0.98
Intensity
run 1
Grade 0 1 2 3
0 43 5 0 0
run 2 1 1 30 1 0
2 0 1 12 0
3 0 0 1 -6
R, = (.84
Ry/Romax = 0.97
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