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Abstract

Mouse models are irreplaceable tools for the study of carcinogenesis and the availability of rodent 
models have enabled rational screening of drugs. Hematological malignancies have been extensively 
studied in mouse models and broad range of lymphoid neoplasms has been reported in laboratory mice, 
occurring either spontaneously or after induction with radiation, chemicals or infection of newborn mice 
with leukemogenic viruses. Lymphomas are tumors that generally respond well to traditional therapies 
such as chemotherapy and radiotherapy. Dalton’s lymphoma is a transplantable T-cell lymphoma 
of spontaneous origin in thymus of murine host and has emerged as an interesting model for cancer 
research, because of its usefulness in pre-clinical system for evaluating new or known drugs in the 
treatment of various cancers and in drug discovery development process.
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Introduction

The identifi cation of novel clinically active agents has been 
central to progress in cancer chemotherapy. Animal models 
in general, and especially mouse models, are irreplaceable 
tools for the study of carcinogenesis and the availability of 
rodent models have enabled rational screening of drugs. 
The mouse shares anatomical, immunological and genomic 
similarities with humans and is the most accessible model 
system [1]. A goal in the studies of mouse lymphomas is to 
identify the human counterpart to the studied disease in 
order to understand the pathogenesis and evaluate new 
treatments for the disorder in humans. Hematological 
malignancies have been extensively studied in mouse models 
and broad range of lymphoid neoplasms has been reported 
in laboratory mice, occurring either spontaneously or after 
induction with radiation, chemicals or infection of newborn 
mice with leukemogenic viruses [2]. Lymphomas are tumors 
that generally respond well to traditional therapies such as 
chemotherapy and radiotherapy. However, for the patients 
that do not respond, or when tumors recur, new therapeutic 
approaches are warranted. Pre-clinical studies are important 
to screen the new compounds for potential effect against the 
disease. Murine lymphoma models are relatively inexpensive 

and easy to maintain; thus proven to be a useful tool in studies 
of lymphomagenesis and lymphoma treatment. Preclinical 
activity of an anti-tumor agent in a relevant in vivo system is 
a sine qua non for clinical testing. Multiple studies have been 
undertaken to assess the ability of preclinical animal activity to 
predict antitumor response in man.

Lymphoma: Hodgkin’s lymphoma and non-Hodgkin’s 
lymphoma

Lymphomas are a large and heterogeneous group of 
malignant diseases of lymphoid tissue, consisting of 70 
different subtypes recognized within the new World Health 
Organisation (WHO) IV lymphoma classifi cation system [3]. 
White blood cells (leukocytes), which constitute the cells of 
the immune system, are divided into lymphoid cells (T and 
B lymphocytes) and myeloid cells (granulocytes, monocytes 
and macrophages). Lymphoma is the broadest category of 
a family of related blood cancers, involving a group of cells, 
called the lymphocytes, which in turn make up the lymphatic 
system—a part of the immune system. It is a type of blood 
cancer that occurs when lymphocytes, which are white blood 
cells that help to protect the body from infection and diseases 
starts behaving abnormally, causing them to divide faster and 
may live longer than they are supposed to. Lymphoma may 
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develop in many parts of the body, including the lymph nodes, 
spleen, bone marrow, blood and sometimes, non-hemopoetic 
tissues are also involved. Malignant lymphoma is the generic 
term given to tumors of the lymphoid system. These tumors 
are divided into two major categories: Hodgkin’s lymphoma 
and non-Hodgkin’s lymphoma (NHL); named after Thomas 
Hodgkin, who fi rst described Hodgkin’s lymphoma in 1832 [4, 
5]. Hodgkin’s lymphoma is characterized by the presence of 
an abnormal cell type, Reed-Sternberg cell (a B lymphocyte) 
which expresses B cell markers, such as CD20, but is absent in 
the second type of lymphomas, therefore referred to as non-
Hodgkin’s lymphomas (NHL) [6,7]. Non-Hodgkin’s lymphoma 
is a heterogeneous group of malignancies characterized by an 
abnormal clonal proliferation of T cells, B cells, or both [8].

Both types can start in the lymphoid tissue (also called 
lymphatic tissue) and can spread to other organs. Lymphoid 
tissue is found in many places throughout the body, including 
lymph nodes, the thymus (found behind the chest bone 
and in front of the heart), the spleen (on the left side of the 
abdomen next to the stomach), the tonsils and adenoids, 
in the bone marrow, and scattered within other systems 
such as the digestive and respiratory systems. Patients with 
lymphoma when physically examined presents the symptoms 
of lymphadenopathy, splenopathy, enlarged liver and kidneys, 
pleural exudate, oedema, abdominal swelling, somnolence, 
tachypnea and tachycardia [9]. Lymphadenopathy can cause 
compression of other tissues like the ureter or spinal cord. Rapid 
tumour growth in aggressive lymphomas causes severe illness. 
Lymphomas can transform from non-aggressive lymphomas to 
aggressive lymphomas and therefore high-grade malignancies. 
Radiotherapy for treatment is not directly useful, and therefore 
patients receive chemotherapy, primarily Rituximab to CHOP 
(a combination of cyclophosphamide, vincristine, doxorubicin 
and prednisolone), followed by radiotherapy [8]. Each 
lymphoid neoplasm’s have a characteristic morphology and if 
well prepared adequately sized sections are available than it is 
possible to diagnose the type of lymphoma. However, due to 
many pitfalls in histological diagnosis of malignant lymphoma, 
cell surface phenotyping of lymphocytes is usually performed 
for classifying and diagnosing the type of lymphoma, usually 
performed on peripheral blood using fl ow cytometry or 
on tissues using immunoblotting, immunohistochemistry 
or ELISA. Flow cytometry is generally used to identify the 
markers on the surface of cells and provides the percentage 
of lymphoytes positive for a particular antigen and density 
of antigens; normal peripheral blood lymphocytes usually 
consist of ~ 10% B-cells, 80% T-cells and 10% NK-cells. 
Flow cytometry has proved very useful in making a specifi c 
diagnosis. Some of the commonly used markers and especially 
CD markers (cluster of differentiation/cluster designation) 
for B-cell, T-cell, monocytes and other cell types have been 
presented in Table 1. 

Incidence of Non-Hodgkin’s lymphoma

In India among the males aged between 15–29 years, the 
three most common cancers are leukemia, lymphoma, and 
central nervous system tumors. Non-Hodgkin’s lymphoma is 

the 11th most common cancer in terms of incidence [10]. It is 
most frequent in high income countries, with rates more than 
twice those of middle- to low-income countries. It is usually 
fatal, with a 5 year survival rate of less than 35 percent. It is not 
a single cancer, but rather a wide group of cancers (including 
entities such as Burkitt’s lymphoma and diffuse large B-cell 
lymphoma), each with a distinct geographical distribution, 
development path, age profi le and prognosis. The incidence 
rates of Non-Hodgkin’s lymphoma have risen dramatically in 
the last 30 years, particularly in developed countries, including 
Western Europe, North America and Australia [11]. Non 
Hodgkins Lymphoma, which was once considered rare, has 
slowly grown to the fi fth most common cancer (incidence of 
19.1 per 100,000 in USA) in the world [12]. About 65,500 cases of 
non-Hodgkins lymphoma were expected to be diagnosed in the 
United States in 2010 [13]. Non-Hodgkins lymphoma occurs in 
individuals at virtually all ages, but it is uncommon in children. 
The incidence of NHL increases with age [13]. In the 20- to 24-
year age-group, 2.4 cases occur per 100,000 persons. The rate 
increases almost 20-fold to 46.3 cases per 100,000 individuals 
by age 60 to 64 years, and over 40- fold to more than 100 cases 
per 100,000 persons after age 75. The age adjusted incidence of 
NHL has increased more than 82 percent from 1975 to 2007, an 
average annual increase of about 2.7 percent. The reasons for 
this increase are not certain, and there are probably multiple 
causes.

In India its incidence is on the upsurge with the current 
fi gure standing at 5.1 per 100,000 in urban registries. The 
incidence of lymphomas is still growing, and in the future this 
group of malignancies will form a quantitatively remarkable 
subtype of malignant diseases. In many lymphoma subtypes, 
the prognosis is good and the treatment results are continuously 
improving due to new treatment modalities. However, some 
lymphoma patients still succumb to their disease and certain 
most aggressive subtypes of lymphoma are often beyond 
curative treatment [14-17]. NHL being a systemic disease, a 
systemic approach like chemotherapy has been considered to 
be more appropriate and is treated with chemotherapy, and in 
some cases radiotherapy and/or bone marrow transplantation, 
and can be curable depending on the histology, type, and stage 
of the disease [18]. 

T cell lymphomas

Lymphoma is a malignancy of the immune system. In 
normal T-cell development, T-cell progenitors are generated 
in the bone marrow and then migrate to the thymus gland. The 
T cells mature in the thymic cortex and T cells recognizing self-
antigens are eliminated in a process called negative selection. 
The different developmental stages can be recognized by the 
expression of certain cell surface molecules. Cortical thymocytes 
are initially double negative for the cell surface molecules CD4 
and CD8. During the maturation process, the T-cell goes from 
the CD4/CD8 double negative stage to a double positive stage 
and fi nally expresses only CD4 or CD8. In the CD4 or CD8 single 
positive stage, the T-cell is considered mature and it migrates 
to the peripheral/secondary lymphoid tissue [19-21]. The 
bone marrow and the thymus gland are considered primary 
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lymphoid organs whereas spleen, lymph nodes and mucosa 
associated lymphoid tissue are the secondary lymphoid organs 
where immune responses are initiated. T cells residing in the 
medullary thymus have the phenotype of mature T cells. CD4 
positive T cells are called helper T cells and are subdivided into 
Th1 and Th2 cells based on their pattern of cytokine production. 
They provide help to other cells in the immune system; Th1 
aid other T cells and macrophages whereas Th2 cells help 
the B cells in antibody production. CD8 positive T cells act 
as cytotoxic T cells with the ability to directly kill infected or 
otherwise targeted cells [19-21]. 

T-cell lymphomas are clonal tumors of immature or mature 
T lymphocytes at various stages of differentiation. They account 
for only 10-12% of all NHLs, the rest being of B-cell origin. 
The clinical presentation of lymphomas is often a swollen 
lymph node in the neck, axilla or groin, but several other 

presentations are common such as abdominal or mediastinal 
masses or extranodal manifestations. T-cell lymphomas are 
generally associated with inferior outcome than lymphomas 
of B-cell origin [22] and continuous effort is put into fi nding 
new treatment modalities or effi cient combinations of existing 
treatments [23,24]. According to World Health Organization 
(WHO, 2008) classifi cation of tumors of hematopoietic and 
lymphoid tissue; T-cell lymphomas are divided into T-acute 
lymphoblastic leukemia/ lymphoma (T-ALL/LBL) originating 
from immature T cells in bone marrow or thymus, and mature 
T-cell lymphomas arising in peripheral lymphoid organs.

Daltons Lymphoma

Daltons lymphoma are widely used as interesting model 
for cancer research, because of its usefulness in pre-clinical 
system for evaluating new or known drugs in the treatment of 

Table 1: Some of the commonly used markers for different types of cells and lymphoid neoplasm

Different types of cells and lymphoid neoplasm Commonly used markers

B-cell
CD10, CD19, CD20, CD22, CD23, CD24, CD79b, CD103, Pax-5, kappa, lambda, CD200, 

cytoplasmic kappa and cytoplasmic lambda

T-cell CD1, CD2, CD3, CD4, CD5, CD7, CD8, TCR α-β, TCR γ-δ and cytoplasmic CD3

Myeloid/monocyte CD11b, CD13, CD14, CD15, CD33, CD64, CD117 and myeloperoxidase

Reed-Sternberg cells, neutrophils CD15

Natural killer cells CD16 and CD56

Naive T cells CD45 RA

Memory T cells CD45 RO

Monocytic cells (positive in AML-M4 and AML-M5) CD14 and CD64

Histiocytes (positive in malignant fi brous histiocytosis) CD68

Chronic lymphocytic leukemia/small lymphocytic lymphoma CD5 and CD23 

Mantle cell lymphoma cells CD5 positive and CD23 negative 

Anaplastic large cell lymphoma CD15 negative and CD30 positive

Endothelial cells (positive in angiosarcoma) CD31

Stem cells (also positive in angiosarcoma) CD34

Megakaryocytes and platelets (positive in AML-M7) CD41 and CD61

All leukocytes (except Reed-Sternberg cells) CD45 

Gastrointestinal stromal tumor (GIST) cells, mast cells (positive 
in mastocytosis), myeloid cells

CD117

Hodgkin's Lymphoma
Positive for CD15 and CD30 but negative for CD45, weak CD20 expression; neoplastic cells 

usually do not express T-cell antigens

Follicular Lymphoma (common subtype of low grade (indolent) lymphoma, 
making up 20-30% of all non-Hodgkin’s lymphomas, develops when the body 

makes abnormal B-lymphocytes – the lymphoma cells)

Express germinal center-associated markers CD10, BCL-6 but are negative for T-cell 
antigens

Diffuse large B-cell lymphoma (aggressive type of non-Hodgkin’s lymphoma 
that develops from the B-cells in the lymphatic system)

Express pan-B-cell antigens, 60 - 70% express BCL-2 and a subset is positive for CD10 and 
BCL-6

Burkitt lymphoma (type of non-Hodgkin's lymphoma)
Express Ig, pan-B-cell antigens, CD10, and BCL-6 but are negative for BCL-2, IgD, CD21, 

CD23, lymphocyte homing receptors and T-cell antigens

T-prolymphocytic leukemia Positive for CD3 and CD7 but negative for CD5 and CD30

T-large granular lymphoproliferative Positive for CD3, CD7, CD8 but negative for CD4, CD5 and CD30

Mycosis Fungoides Positive for CD3, CD5 and CD7 but negative for CD4

Cutaneous ALCL (Anaplastic large cell lymphoma) Positive for CD3 and CD30 but negative for CD8

Hepatosplenic T-cell lymphoma Positive for CD3 and CD7 but negative for CD4, CD5, CD8 and CD30

Angioimmunoblastic T-cell lymphoma Positive for CD3 and CD5 but negative for CD7 and CD30

Enteropathy associated T-cell lymphoma Positive for CD3, CD5 and CD7

Adult T-cell leukemia/lymphoma Positive for CD3 and CD5 but not for CD7
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various cancers. Dalton’s lymphoma is a transplantable T-cell 
lymphoma of spontaneous origin in thymus of murine host 
[25, 26]. During the late tumour bearing stages, DL growth has 
been shown to be associated with a concomitant inhibition of 
humoral and cell mediated immune responses involving the 
abrogated functions of macrophages, B and T cells [27, 28] 
and with an involution of thymus with a massive depletion of 
immature CD4+CD8+ and mature CD4+CD8- and CD4-CD8+ 
thymocytes by the process of apoptotic cell death resulting 
in an alteration in the distribution of T-cell sub populations 
in the thymus [29]. Immunophenotypic characterization 
of the lymphoma has revealed it to be of T-cell origin with 
expression of CD4 and/or CD8 and T-cell receptor (TCR) . 
T-cells obtained from DL bearing mice have been found to 
be sensitive for DL derived factors like DL ascitic fl uid, DL 
conditioned medium or tumor serum and defective in their 
ability to produce IFN- and IL-2. DL cells have been reported 
to produce enhanced amounts of IL-10, which is a well-
established TH2 specifi c immuno suppressive cytokine, thus 
indicating an alteration in the TH specifi c cytokine profi le with 
the progression of DL growth suggesting immune deviation 
toward a TH2 type response. Predominance of the TH2 type 
cytokine pattern indicates an inhibition of cellular immune 
response [29]. Thus, ascitic growth of a transplantable T-cell 
lymphoma of spontaneous origin leads to an impairment of 
T-cells by diminishing their proliferative abilities and effector 
functions through an altered profi le of immunoregulatory 
cytokines like IFN-, IL-10 & IL-2. However, molecular basis 
of T-cell dysfunction still remains to be elucidated.

In cancer drug development, the animal model is selected 
to demonstrate the cytotoxic effect of the drug or biological 
agent on the tumor passage in that model system. In selecting 
the best model system, consideration is given to the genetic 
stability and heterogeneity of the transplanted cell line, its 
immunogenecity within the host animal, and the appropriate 
biologic endpoint (local growth, metastasis, survival). In this 
respect, Dalton’s lymphoma is a very good model system, 
active components of a large number of natural plant products 
have been studied with reproducible biologic endpoint like 
local growth and predictable survival period [30-33]. Dalton’s 
lymphoma is an established transplantable tumor model which 
is well characterized and reproducible, and traditionally have 
been the foundation of drug development. 

Due to effective biodistribution and multimodal cellular 
actions, during recent past, ruthenium and certain other metal 
complexes like platinum, copper and gold have drawn much 
attention as next generation anticancer agents [34,35]. In 
this respect Dalton’s lymphoma has been successfully used to 
evaluate the anticancer effect and subsequently the mechanism 
of action of newly synthesized metal complexes of ruthenium 
[36-38], platinum [39], copper [40] and gold complexes. 
Recently Sriram et al., 2010, has demonstrated the antitumor 
activity of silver nanoparticles using Dalton’s lymphoma 
ascites as a tumor model [32].

Dalton’s lymphoma (DL) ascites tumorigenesis model 
in mice provides a convenient model system to study such 

effects within a short time [29]. Followi ng transplantation of 
DL ascites cells into the abdominal cavity of healthy recipient 
mice, tumorigenesis begins immediately and aggressively 
[26]. Th e recipient or transformed mice usually survive up to 
~3 weeks [36,41]. Dalton’s lymphoma can be easily maintained 
in laboratory in ascites by serial transplantation in mice by 
intraperitoneal injection of 5x105 cells/mouse [36]. A range of 
parameters can be used to evaluate drug effect on tumors in this 
model. Tumor volume and changes in body weight are simple 
and easily reproducible parameters (Figure 1). Morphologic 
changes and alterations in tumor immunogenecity or 
invasiveness are other markers of response. In addition many 
specifi c assays have been developed for the measurement of 
treatment effects on tumors. Another parameter that can be 
used to assess the effect of a drug on tumor in the animal model 
is the survival time. Survival time is an obvious endpoint, since 
it combines the sum total of interactions between tumor, drug 
and host. Since drug toxicity and tumor growth both have 
independent effects on survival, a judgement can be made 
about therapeutic index.

Anti-cancer property of a number of drugs and their 
subsequent mechanism of action and the pathways implicated 
has been elucidated using this murine model. Alcoholic 
extract of Curculigo orchioides has been reported to effectively 
down regulate Dalton’s lymphoma ascites induced solid 
tumour and Ehrlich ascites carcinoma induced ascites tumour 
development and enhance the tumoricidal activity of mice 
peritoneal macrophages [42]. Antitumor activity of ethanolic 
extract of Cnidoscolus chayamansa [43], active fraction of 
Emilia sonchifolia [44], Crocin from Kashmiri saffron (Crocus 
sativus) [45], Aegle marmelos [46], Ganoderma lucidum [47], 
Chondrococcus hornemanni and Spyridia fusiformis [48], steroid 
positive compound from Zornia diphylla [49], Leucas aspera 
[50], phthalmustine [51], atorvastatin, an inhibitor of HMG-
CoA reductase [52] have been demonstrated against Dalton’s 
ascitic lymphoma in mice. Abrin isolated from seeds of Abrus 
precatorius [53], extract of Phyllanthus amarus [54] and Drosera 
indica [55] have been reported to inhibit cell growth and induce 
apoptosis in Dalton’s lymphoma ascites cells through activation 
of caspase-3 and downregulation of Bcl-2. Antiproliferative 
activity of benzophenone tagged pyridine analogues towards 

represents abdominal distension as a result of formation and accumulation of ascitic fluid

Normal mice Daltons Lymphoma mice

Figure 1: Daltons Lymphoma (DL) is a transplantable T-cell lymphoma which 
originates in the thymus of murine host. Following transplantation of DL ascites 
cells into the abdominal cavity of mice, tumorigenesis begins aggressively; 
survival time: ~ 18±2 days. Ascite tumor volume and changes in body weight 
constitute reproducible parameters to evaluate the effect of novel drugs on tumor 
regression and viability of DL cells in vivo.
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activation of caspase activated DNase mediated nuclear 
fragmentation has been studied in Dalton’s lymphoma [56]. 
Activation of p53 mediated glycolytic inhibition-oxidative 
stress-apoptosis pathway in Daltons lymphoma has been 
reported by a ruthenium (II)-complex containing 4-carboxy 
N-ethylbenzamide [57]. Thus, Dalton’s lymphoma has 
emerged as an important murine model for understanding 
the progression and development of T-cell lymphoma and is 
playing an important role in drug discovery and development.
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