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Immune Responses against Marek's Disease Virus Infection

H. K. Jang’, Y. M. Park, S. Y. Cha and J. B. Park
Department of Infectious Diseases and Avian Diseases, College of Veterinary Medicine, Chonbuk National University

ABSTRACT Marek's disease virus (MDV) is a highly cell-associated, lymphotropic «-herpesvirus that causes paralysis and
neoplastic disease in chickens. The disease has been controlled by vaccination which was provided the first evidence for a malignant
cancer being controlled by an antiviral vaccine. Marek's disease pathogenesis is complex, involving cytolytic and latent infection
of lymphoid cells and oncogenic transformation of CD4" T cells in susceptible chickens. MDV targets a number of different cell
types during its life cycle. Lymphocytes play an essential role, although within them virus production is restricted and only virion
are produced. Innate and adaptive immune responses develop in response to infection, but infection of lymphocytes results in
immunosuppressive effects. Hence in MDV-infected birds, MDV makes its host more vulnerable to tumour development as well
as to other pathogens. All chickens are susceptible to MDV infection, and vaccination is essential to protect the susceptible host
from developing clinical disease. Nevertheless, MDV infects and replicates in vaccinated chickens, with the challenge virus being
shed from the feather-follicle epithelium. The outcome of infection with MDV depends on a complex interplay of factors involving
the MDV pathotype and the host genotype. Host factors that influence the course of MD are predominantly the responses of the
innate and adaptive immune systems, and these are modulated by: age at infection and maturity of the immune system; vaccination

status; the sex of the host; and various physiological factors.
: Marek’s disease virus, vaccine, pathogenesis, innate and adaptive immune responses)
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Fig. 1. Electron micrograph showing an enveloped MDV in a
chicken embryo fibroblast that had been infected with
BAC20. This BAC clone was constructed from w+MDV
(584 strain) that had been attenuated by 80 passages in
vitro (Schumacher et al., 2000). Alongside is a schematic
diagram showing the structure of the enveloped virus.
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Fig. 3. Cellular model for Marek’s disease lymphomagenesis. CD4"
cells, neoplastically-transformed and expressing high le-
vels of the CD30 migrate into tissue stroma across en-
dothelia (A, solid grey cells). The stimulus for this migra-
tion may be non-specific because of their activated state;
and/or in response to chemokines (i) released from cells
of the innate immune system such as macrophages (B);
and/or in response to up-regulation of MHC class II/ad-
hesion molecules or cytokines such as IFN by endothelial
cells. The neoplastically- transformed CD30" cells clonally
expand in situ (C) and release probably Tu2 cytokines,
which have both autocrine (ii) and paracrine effects (iii).
Latently infected, non-neoplastically-tranformed (CD30)
lymphocytes (black) are attracted to the sites of the de-
veloping lesions by similar mechanisms to the neoplas-
tically-transformed CD30 CD4" cells (D). A small propor-
tion of these cells become productively infected (boxed)
and provide antigenic stimulus for a continued 'immune
response’ and lymphoid infiltration (E). CD30" neoplas-
tically- transformed cells somehow escape this immune
response. Infiltrating CD4" cells may also potentially neo-
plastically-transform in situ and then over-express CD30.
Marcrophages (B), present in the lesions, as well as the
resident neoplastically-transformed cells are also likely to
influence the ongoing immune response in a paracrine
manner (iv)(Davison and Kaiser, 2004).
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Fig. 5. Comparison of the gene order spanning the NKC region
on mouse chromosome 6, chicken chromosome 1 and hu-
man chromosome 12. The genes shown (generally in the
order top to bottom) are : LDHB, lactate dehydrogenase B;
EMP1, epithelial membrane protein-1; MKP-7, MAP ki-
nase-7; ETV, ETS variant gene 6; PRP2, proline-rich pro-
tein-2; PZP, pregnancy zone protein-3; M6PR, mannose-
6-phosphate receptor; A2M, alpha-2 macroglobulin; TCRB,
T-cell receptor 3; ISOT, isopeptidase T; and CD4, the
gene encoding the CD4 T-cell antigen (Davison and Kai-
ser, 2004).
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Fig. 6. Immunohistology of developing MD lymphomas, all coun-
terstained with haematoxylin and eosin. A, Developing MD
lymphomas from line MD-infected line 7, chicken heart,
21 days post-infection (dpi). MD-lymphomas form as mul-
tiple foci, each focus is composed of mainly CD4" T cell
(red) associated with fewer myeloid(blue, mAB = CVI-
ChNL-68.1) cells, which mainly surround, although a few
are present within, each developing MD lymphoma focus;
B, Developing lymphoma in line 7, chicken liver, 21 dpi;
CD30" cell aggregations (MAB = AV37) are present wi-
thin MD lymphomas (arrowed); C, MD lesion in sciatic
nerve of 21-day-old 'MD-resistant' line 6; chicken at 7
dpi. Brown-stained cells are CD4"; D, Cluster of CD30"
cells from serial section of lesion in C (circled); E & F,
Differential expression of CD30 with different numbers of
CD8" cells in lesions. Both lesions were on the same heart
section of a line 7, chicken. Red = CD30" cells, blue = CD8"
cells; E, There are few CD8" cells in this lesion, CD30 ex-
pression is 'high' (intense red staining); F, There are rela-
tively many CD8" cells in this lesion and CD30 expression
is 'low' (pale red staining) (Burgess et al., 2001).
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Fig. 7. Cytopathic effect of vaccine MDV, CVI988/Rispens strain,
on CEF cells. A, Phase contrast image of infected cells;
B, Fluorescent image after staining with MDV specific
anti-pp38 chicken immunoglobulins and Alexa-Fluor-labelled
goat anti-chicken immunoglobulins (Davison and Kaiser,
2004).
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Fig. 8. Cytopathic effect of very virulent MDV, EUL strain, on
DEF cells. A, Phase contrast image of infected cells; B,
Fluorescent image after staining with MDV-specific anti-
pp38 chicken immunoglobulins and Alexa-Fluor-labelled
goat anti-chicken immunoglobulins (Davison and Kaiser,
2004).
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Fig. 9. Measurement of IFN-y mRNA transcripts isolated from
106 cells from a range of different virus-transformed cell
lines using quantitative RT-PCR (Tagman). The chicken
cells had been transformed with lymphoid leukosis (LSCC-
stippled bars), MDV (MDCC-black bars) or reticuloendo-
theliosis virus (RECC-white bars). Turkey cells had been
transformed with MDV (MDTC). RECC-CU210 expressed
MDYV proteins and is derived from the RECC-CU91 line
(striped bar). Two macrophage cell lines, LSCC-HD 11,
and the MQ line (wavy lines), are included. The data are
expressed as Ct values, each unit approximating a log 2
difference (Davison and Kaiser, 2004).
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Genetic resi

Fig. 10. Schematic diagram showing major stages in the course
of MD and those that are targets for immune responses,
vaccines and genetic resistance. The immunosuppressive
effects of MDV are indicated by dotted lines. Question
marks indicate those pathways where interactions are
possible but require confirmation (modified from Davi-
son and Kaiser, 2004).

Fig. 11. Map of the evolution of MD incidence. Colours repre-
sent the current existence of MD outbreaks as follows :
red = current MD outbreaks; yellow = no current MD
outbreak; grey = data not available. The existence of
MD outbreaks during 1990s is indicated by vertical stripes
(Davison and Kaiser, 2004).
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