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Post Chemotherapeutic Hematopoietic Reconstitution: A Transgenic Mouse 

Model 

Breast cancer is currently the most common life threatening neoplasm for women in 
the US; one woman in nine will be afflicted at some point in her life (Muir et. al. 1987). 
Although enormous strides have been made in early detection and treatment of non- 
metastatic lesions, treatment modalities for advanced disease have not significantly 
improved life expectancy, thus 3.5% of all women die from breast cancer (Government 
Printing Office 1990). Given such appalling statistics, it is imperative both to further our 
knowledge of the cellular mechanisms which contribute to breast neoplasia as well as to 
increase the efficacy of our current pharmacological methods for treatment of this 
disease. The development of autologous bone marrow transplantation has permitted a 
new breakthrough in breast cancer chemotherapy wherein high dose consolidation is 
combined with standard dose adjuvant chemotherapy; disease free interval and overall 
survival results from initial clinical trials of this regimen are impressive (Peters et. al. 
1992). To improve this treatment, it is imperative to address specific shortcomings 
in autologous bone marrow reconstitution, in particular the frequent failure to 
reconstitute specific hematopoietic lineages and the length of time required to 
restore immunocompetence after transplant. Previous studies have shown that the 
CD7 protein in human identifies multipotent progenitor cells of T-, B- and myeloid 
lineages (Chabannon et. al. 1992 and Grumayer et. al. 1991). Using mice as an animal 
model system, we are investigating the in vivo regulation of CD7 expression, and the 
signal transduction events which transpire after CD7 ligation. In particular, we have 
developed a novel CD7 transgenic mouse as an in vivo model for studying both 
hematopoietic progenitor cell differentiation and the cytokines which regulate 
proliferation and differentiation of these progenitors. This mouse model is unique in that 
it allows selection of mouse multipotent hematopoietic progenitor cell populations that 
express the CD7 gene and which are not stem cells, yet are able to differentiate into B-, 
T- and myeloid lineages in humans. No single equivalent marker has been previously 
described in mice. Characterization of these cell populations and their growth and 
differentiation factors will allow both the transplant of more mature progenitor 
populations (to speed engraftment) and the ability to enhance lineage-specific 
differentiation, thus decreasing the period of chemotherapy-related immunodeficiency. 
In addition, we have characterized the recently described mouse cDNA for CD7, cloning 
and sequencing the CD7 gene, and identifying numerous conserved functional sequence 
motifs between mouse and human CD7. These models should provide clinically relevant 
in vivo information about control of human hematopoiesis, difficult to obtain directly in 
humans, and it may allow development of novel methods to overcome deficiencies in 
current breast cancer treatment protocols. 

Incidence and Mortality 
Most current studies evaluate the lifetime risk of developing invasive breast cancer 

at 11.1%-12.57% with an overall 3.5% risk of death from this disease (Muir et. al. 1987, 
Government Printing Office 1990 and Feuer et. al. 1993)e. While the mortality rate from 
breast cancer has remained stable during the last 40 years, the incidence rates in the USA 
have climbed dramatically. Between 1940 and 1982, the age-standardized incidence 
increased approximately 1.2% per year in the state of Connecticut (the site of the oldest 
cancer registry in the USA) (Miller et. al. 1991). The presence of stable mortality despite 
a large increase in incidence of breast cancer is encouraging in that the improved survival 
is most likely attributable to earlier diagnosis and more effective treatments. 
Nonetheless, the steady increase in the incidence rate for breast cancer in this country, 
above that which can be attributed to more sensitive screening methods, underscores the 
importance of developing more effective treatments for those afflicted with this disease. 



Risk Factors 
While numerous hypotheses exist to explain the steady rise of incidence rates for 

breast cancer in western countries, no firm causal link has yet been established to account 
for the increase. It has been clearly established that genetic predisposition is important 
for a minor subset of breast malignancies (Roberts, 1993), however, population studies 
argue for a strong environmental influence. Women in populations migrating from 
regions with a low incidence of breast cancer to nations with a high incidence show a 
large increase in breast cancer rate, up to the level of the area to which they immigrate 
(Buell 1973). Several statistically significant relative risk factors have been demonstrated 
using population statistics, mainly in the USA. These include family history, age at 
menarche, age at first childbirth, age at menopause, benign breast disease, radiation 
exposure, obesity, height, oral contraceptive use, alcohol use, and postmenopausal 
estrogen replacement therapy (Henderson and Canellos 1980). While identification of 
these relative risk factors can help direct clinicians and patients to heightened awareness 
and increased surveillance, they are at best weak predictors of disease with a significant 
subset of breast cancer patients displaying no risk factors. Additionally, many of the risk 
factors identified (such as height) are not practically modifiable. Thus, while this 
approach to further understanding of breast cancer holds promise for future direction, it is 
currently limited by both technical means for investigation and by interventional 
inability, again highlighting the importance of effective treatment methods. 

Treatment Modalities 
Current therapy for breast carcinoma involves both local surgical excision and 

systemic chemotherapy. While the specific surgical and chemotherapeutic regimens are 
beyond the scope of this discussion, several recent pharmacologic advances are of critical 
importance. Of* particular note is the demonstration that high dose adjuvant 
chemotherapy administered concurrently with primary local intervention both prolongs 
the time of disease free existence and improves overall mortality rate (Anonymous 
1992). Recently, a further advance in this treatment approach was outlined wherein high 
dose consolidation was combined with standard dose adjuvant chemotherapy. Although 
the follow up time for this approach is short, it shows significant improvement both in 
disease free interval and in overall survival over previously used regimens (Peters et. al. 
1993). 

Although this treatment regimen is one of the most promising currently in use, there 
have been two major drawbacks which prevent widespread use: high cost and significant 
morbidity (Peters et. al. 1993). Both of these drawbacks result in large part from bone 
marrow ablation in these patients—a direct result of the high dose chemotherapy. While 
immunodeficient, patients are susceptible to a wide range of opportunistic infections, 
consequently, patients must be hospitalized under intense care during treatment. Even 
under the best care available, significant morbidity is a continuing obstacle which 
requires further refinement in this treatment. In fact, the critical determinant which 
defines the limits of chemotherapeutic dosages currently tolerable in the non-ablative 
treatment of breast cancer is the toxic effect on bone marrow hematopoietic cells 
(O'Shaughnessy and Cowan 1993). Preliminary evidence suggests that delivered 
chemotherapeutic dose intensity can be increased in metastatic breast cancer if 
hematopoietic growth factors are administered (O'Shaughnessy and Cowan 1993). In 
theory, if higher doses were tolerable, they would be more effective at destruction of the 
metastatic malignant cells. Finally, these specialized intensive treatment protocols are 
currently extremely expensive, further burdening an already taxed health care system 
(Peters et al. 1993). To improve upon these problems of cost, morbidity and efficacy, 
it is critical to further our ability to intervene in hematopoiesis, defining both the 
cellular and molecular constituents in bone marrow which will contribute to more 
rapid and effective lymphoid reconstitution. 



General Hematopoiesis 
All hematopoietic lineages derive from pleuripotent cells present in the bone 

marrow. While the exact population of cells capable of both self renewal and 
differentiation into all hematopoietic lineages has not been purified and characterized, 
numerous advances have been made in characterizing lineage specific progenitor cells 
both in mouse and in humans. Additionally, numerous soluble molecular growth factors 
responsible for both proliferation and differentiation of various hematopoietic lineages 
have been characterized, some with potent clinical benefit. In combination, these 
discoveries have increased the efficacy of both autologous and allogeneic bone marrow 
transplants in several ways. First, characterization of progenitor cells allows the removal 
of mature effector cells in bone marrow responsible for graft vs. host responses without 
removing those progenitor cells needed for reconstitution. Secondly, characterization of 
growth and differentiation factors has allowed more rapid hematopoietic reconstitution, 
significantly reducing morbidity associated with the immunodeficient state. 
Additionally, these characterizations have allowed more efficient in vitro manipulation of 
harvested pre-transplant bone marrow, making the procedure less costly. In light of the 
results of these advances, it is crucial to continue characterization of early multipotent 
hematopoietic progenitor populations in bone marrow and to further define those 
molecular factors responsible for specific differentiation and proliferation possibly 
increasing the ability to expand progenitor populations with in vitro culture prior to 
transplant. Further advances will both increase the rapidity of restoration of 
immunocompetance after marrow transplantation and decrease the costs associated with 
this procedure. 

T cell lymphopoiesis and the cell surface molecule CD7 
CD7, first described in 1979, is a 40 kilodalton transmembrane glycoprotein 

expressed on the majority of peripheral blood T-lymphocytes (Haynes et. al. 1980, 
Haynes et. al. 1979 and Eisenbarth et. al. 1980). It was first described as the best clinical 
diagnostic marker of T-cell acute lymphocytic leukemia (Haynes 1981), suggesting it is 
an early marker of T cell lineage development. CD7 expression in peripheral blood T 
cells and on thymocytes has been well characterized, and significant progress has been 
made describing CD7+bone marrow populations. 

T cell development 
T-lymphocytes are a subset of peripheral blood lymphocytes with both immune 

effector and regulatory function. The T cell developmental pathway is currently 
characterized by the sequential expression of combinations of surface antigens which are 
correlated with lineage commitment and specific functional consequences. 

Bone marrow 
T-cells arise from stem cells present in bone marrow in adult humans; the sequence 

and nature of the molecular messages required for differentiation are currently unknown. 
At present we are only beginning to describe a population of progenitor cells present in 
bone marrow which express lineage commitment markers (ie. CD7), yet are multipotent 
and capable of T lineage differentiation. This progenitor population has been 
characterized as CD34+, CD7+ , CD3-, CD4-, CD8- phenotype in adult bone marrow 
(Haynes et al. 1981 and Tjonnfjord et. al. 1993). These cells can also differentiate into 
the CD14+ myeloid lineage (Haynes et. al. 1981), consistent with a multipotent 
progenitor population. In a different experimental system, CD7+, CD34+, CD 19+ bone 
marrow progenitor cells coexpressing B- and T-cell lineage markers are demonstrated, 
suggesting capability of both B- and T- lineage differentaition in vitro (Grumayer et. al. 
1991). Finally, in agreement with this model, undifferentiated CD7+ leukemic cell lines 
with demonstrated multipotent differentiation capability have been described (Mossalay 
et. al. 1990). Further understanding of the hematopoietic development of this critical 



regulatory and effector cell population is essential for developing more effective 
strategies for lymphoid population reconstitution in bone marrow transplants. In 
particular, further definition and characterization of T-lymphoid progenitors will allow 
more effective depletion of harmful mature T lymphocytes in allogeneic bone marrow 
transplant. Likewise, clinical selection of the more mature progenitor populations will 
allow more rapid reconstitution of immune function after chemotherapeutic ablation. 

Thymocytes 
Thymocytes are an immature T cell population, a portion of which are capable of 

differentiating into multiple lineages. The most immature thymocyte population is found 
in the subcapsular cortex and is characterized by the CD7+, CD3-, CD4-, CD8- 
phenotype. This population contains progenitors capable of differentiating into both TcR 
T-cell and CD16+ NK colonies in vitro (Haynes et. al. 1988, Kamps et. al. 1989 and 
Campana et. al. 1989). As thymocytes mature, they acquire cell surface expression of 
CD2, CD3, CD4, CD5, CD6, CD8, and TcR, among others, in a regulated fashion. While 
a complete discussion of thymocyte differentiation is beyond the scope of this paper, 
results of many experiments show that it is possible to define populations of thymocytes 
at differing stages of development by simultaneously assaying expression of these 
antigens which presumably correlate with as yet uncharacterized regulated molecular 
events. 

Peripheral blood lymphocytes 
Mature T cells are currently defined as lymphoid cells expressing the T-cell 

receptor(TcR) complex (includes either the a/b or d/g TcR heterodimer plus the CD3 
antigen group). Most mature T cells express CD7 and either CD4 or CD8 which 
generally correlates with helper or cytotoxic/suppressor functions respectively. 
Generally, peripheral blood T-cell are terminally differentiated effector cells. 

Lymphopoiesis during development 
Developmentally, CD7 is first detected in the human fetus at 7-8.5 weeks of gestation 

(Lobach et. al. 1985). By gestational week 10, CD7(+) cells are seen in fetal liver 
(Lobach et. al. 1985, Sanchez et. al. 1993 and Trinchieri 1989) as well as thoracic 
mesenchyme Lobach et. al. 1985 and Hanna and Fidler 1980)-prior to lymphoid 
colonization of the thymic rudiment; no other T-lymphoid specific marker is present on 
fetal hematopoietic cells at this time. Culturing this fetal liver CD7(+) (CD3, CD4, and 
CD8 negative) but not the CD7(-) cell population in PHA conditioned media + rIL2 
causes cellular proliferation and formation of T-cell colonies (CFU-T) which express 
markers of mature T-cells (Lobach et. al. 1985). Interestingly, when this same population 
is cultured under different conditions (in IL-4 conditioned media), CD7(-) myeloid 
lineage colonies were observed while CD7(+) CFU-T were absent (Welsh 1986), 
demonstrating both the multipotentiality of this progenitor population and the correlation 
of increased CD7 expression and T cell commitment.   Taken together, the above data 
point to definable CD7(+) multipotent hematopoietic progenitor populations, the study of 
which will facilitate further understanding of hematopoietic differentiation. 

Natural Killer Cells 
Natural killer (NK) cells are a lymphocyte effector cell population able to kill target 

cells in an apparently non-MHC restricted manner. They are currently defined as 
CD16(+) and/or CD56(+), CD3(-), TcR(-) large lymphocytes (reviewed in Perussia et. al. 
1983). They play a demonstrated role in tumor surveillance (Ikuta et. al. 1992) and 
eradication of virally infected cells (Smeland et. al. 1992), although the mechanism of 
recognition of target cells is currently unknown. They are also implicated in antibody 
dependent cellular cytoxicity (Denning et. al. 1989). Although a specific role for NK 
cells in breast cancer response has not been demonstrated, this is a largely under- 
investigated process whose importance is undefined. 



NK cell differentiation pathways are also currently unknown. Thymocytes have 
clearly been demonstrated to differentiate into NK lineage (Haynes et. al. 1988), 
however, whether this is the main route of maturation or just a minor default pathway has 
not been demonstrated. The presence of normal NK populations in athymic nude mice 
argues against a major common intrathymic differentiation pathway for T cells and NK 
cells. T cells and NK cells are both CD7+, which is interesting becauses CD7 expression 
in peripheral blood is otherwise limited to T lymphocytes. Further definition of NK cell 
maturation will allow more effective stratategies for lymphoid reconstitution after 
chemotherapeutic depletion and aid in understanding the process by which NK cells 
determine self from non-self (or altered self). This may be of importance for 
immunological eradication of neoplasm, in particular breast carcinoma. An effective 
means of approaching this issue is to study CD7+ BM progenitors and define those 
signals which promote NK cell differentiation. 

While numerous advances outlined above have been immensely important in 
defining human multipotent hematopoietic progenitor populations, further advance is 
currently limited by in vitro technical considerations and difficulty in obtaining fresh 
tissue appropriate for study. Development of an animal model is imperative for in vivo 
characterization of these compelling cellular subsets. Currently, no animal equivalent for 
CD7 has been characterized and no mouse multipotent hematopoietic progenitor 
population capable of T-, B-, and myeloid differentiation has been described. An animal 
model of this progenitor population will be invaluable for studying the in vivo 
differentiation capability of these bone marrow cellular subsets as well as examining the 
in vivo relevance of those regulatory molecular messages identified in vitro. We propose 
to further define CD7 expressing multipotent progenitor populations in CD7 transgenic 
mouse bone marrow. After identification of these hematopoietic subsets, we will define 
the in vivo roles of soluble cytokines (whose list is ever increasing) in regulating 
proliferation and differentiation of these progenitor populations both in sub-lethally 
irradiated and in chemotherapy ablated recipient mice. Knowledge gained with this in 
vivo mouse model system will have direct impact on efficacious treatment for breast 
carcinoma in that it may allow more rapid and specific bone marrow reconstitiution 
after high dose chemotherapeutic ablation. 

C. Mouse CD7 
A powerful means of examining the function and regulation of human genes is to study 
their biology in a different species; mice have proven to be an ideal animal model system 
due to short generation intervals, economics of housing, the availability of inbred strains 
with defined genetics and the vast amount of reagents and information available from 
prior characterization. Until recently, CD7 had been described only in humans, however, 
during the course of this work, a mouse cDNA with a high degree of homology to human 
CD7, designated mouse CD7, was described (Yoshikawa et. al. 1993). This molecule 
had extensive regions of up to 63% homology to human CD7, with only one notable gap 
when compared to CD7-- the membrane proximal "stalk region" appeared to be absent. 
When tissue expression of mRNA for mouse CD7 was analyzed, it was noted to have a 
lymphoid restricted expression, in congruence with human CD7 (Yoshikawa et. al. 1993) 
Of note, nude mice had similar levels of CD7 mRNA expression when compared to 
normal mice, whereas SCID mice were deficient in CD7 mRNA. No further analysis of 
CD7 had been accomplished when this work was intitiated. In particular, no evidence 
other than sequence homology and possible tissue specific expression confirmed that this 
was mouse CD7. This work confirmed the CD7 designation of this cDNA by localizing 
its chromosomal map position to the region homologous to human CD7. This work 
extends the characterization of mouse CD7 by cloning and sequencing the mouse CD7 
gene. We demonstrate that the structure of the mouse CD7 gene is highly similar to that 
of human CD7 and define functionally relevant regions of homology in the promoter 
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regions of these genes. 

Hypothesis/Purpose 
We hypothesize that a population or populations of CD7 expressing cells in human 

bone marrow is able to differentiate in vivo into multiple hematopoietic lineages under 
control of specific soluble or cell surface molecular messages. This population of 
differentiated progenitors, while not stem cells, contributes significantly to early myelo- 
and lymphopoiesis during the time period required for stem cell progeny to differentiate. 
Enrichment of these progenitors, possibly via expansion in in vitro culture, would 
significantly decrease the period of immunodeficiency after chemotherapy.   We will 
define both the populations of progenitor cells and those events which control their 
proliferation and differentiation both in our CD7 transgenic mouse model as well as using 
the endogenous mouse CD7 gene. We will characterize the recently described mouse 
CD7 gene, defining the development of endogenous CD7 expressing cells in mice as a 
model system for studying differetiative capability of human CD7+ progenitors. 

Technical Objectives 
To address the differentiative capability of CD7+ bone marrow progenitors and to 

define the role of known cytokines on the proliferation and differentiation of these 
populations in an in vivo chemotherapy model we have pursued the following specific 
aims: 

1: Using our CD7 transgenic mice to model the biology of the human system, we 
have defined CD7+ bone marrow hematopoietic progenitor cell populations using direct 
immunofluorescence flow cytometry using monoclonal antibodies known to define 
multipotent hematopoietic progenitor subsets. 

2: We have cloned and sequenced the mouse CD7 gene. Using the obtained 
sequence data, we have performed comparative analysis of mouse and human CD7, 
identifying conserved sequence motifs which will indicate possible functionally 
important nuclear regulatory motifs. After identification of these conserved motifs, we 
will determine possible functional roles for these motifs. 

3: Using the cloned mouse CD7 gene, we have constructed CD7 deficient mice, 
examining the effect of lack of CD7 expression on mouse hematopoiesis. 

4:   Using the cloned mouse CD7 gene, we have expressed recombinant mouse CD7 
in bacteria and have used this protein to generate polyclonal sera and monoclonal 
antibodies. 

The above work has laid a foundation for future important work outlined below. 

1: We will test the ability of characterized hematopoietic growth factors and 
cytokines to affect in vivo proliferation and differentiation of CD7+ multipotent 
hematopoietic progenitor populations from donor mice transferred into recipient mice 
which have undergone sublethal irradiation. 

2: Since it is likely that chemotherapeutic agents used for treatment of breast 
cancer have a toxic effect on bone marrow stroma and thus could have an indirect effect 
on autologous bone marrow reconstitution, we will test the in vivo differentiation 
capability of bone marrow CD7+ multipotent progenitor cell subsets in recipient mice 
which have undergone chemotherapeutic bone marrow ablation. These results will be 
compared with reconstitution in sub-lethally irradiated recipient mice. In addition, we 
will compare the ability of characterized hematopoietic growth factors and cytokines to 



affect proliferation and differentiation in recipient mice which have undergone 
chemotherapeutic bone marrow ablation. 
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Body 

A Characterization of Human CD7 Transgenic Mice 

Production of trans genie mice 
A 12 kb Sal I fragment from the previously characterized 17 kb lambda clone LSCD7-1 
(Schanberg et. al. 1991) was isolated on low melting temperature agarose. This genomic 
DNA fragment contained the 3 kb coding region of the CD7 gene as well as 
approximately seven kb of 5' flanking region and two kb 3' of the gene. Both of the 
previously reported upstream DNase I hypersensitive sites were included in this DNA 
fragment (Schanberg et. al. 1991) (Figure 1A). Purified DNA was microinjected into the 
male pronuclei of eggs from C57BLxS JL mice and implanted into pseudopregnant 
recipient mice (Brinster and Palmiter 1985). These transgenic mice were produced by the 
Shared Transgenic Mouse Resource of the Duke Comprehensive Cancer Center. 
Transgenic animals were identified by Southern analysis and slot blot of tail biopsy DNA 
(see below) using a CD7 cDNA probe. Four independent stable CD7 transgenic lines 
were generated, and two lines, designated 555 and 216, expressed the human CD7 
transgene. The integrity of the transgene was confirmed using Southern analysis 
(Southern 1975) under conditions described in Sambrook et. al. (1987) (see below) and 
CD7 transgene copy number was estimated by slot blot analysis (see below) and 
quantitated using both densitometer (Electrophoresis Data Center, Helena Laboratories, 
Beaumont, Texas) and Phoshorlmager (Molecular Diagnostics, Sunnyvale, CA). 

DNA extraction 
DNA was extracted by incubating tail tissue in buffer containing 50 mM Tris pH 8.0, 

lOOmM EDTA, 0.5% SDS, and 1 mg/ml proteinase K at 55°C overnight. The samples 
were phenol/chloroform extracted, ethanol precipitated with 3M sodium acetate pH 6.0 
and resuspended in TE (lOmM Tris pH 8.0, 1 mM EDTA). The proteinase K digestion 

was repeated overnight at 55°C. DNA was again phenol/chloroform extracted, ethanol 
precipitated and resuspended in TE and quantitatied by fluorimetry (Model TKO 100, 
Hoeffer Scientific. San Francisco, CA). 

Southern Blot 
Purified genomic DNA (10 jxg) was digested with the restriction endonuclease Bgl II and 
electrophoresed in 0.8% agarose gels in TAE buffer containing ethidium bromide. DNA 
was transferred to nitrocellulose membrane (Schleicher and Schuell, Keene, NH) using 
capillary action as described by Southern (1975) and fixed by baking the membrane at 
80° C for 2 hours under vacuum. The CD7 transgene was identified by pre-hybridization 
of the membranes for 1 hour at 65° C in a solution containing 3X SSC, 10X Denhardt's 
solution, 0.1% SDS, 1 mM EDTA and 10 mg/ml salmon sperm DNA and hybridization 
overnight at 60° C in hybridization solution: pre-hybridization solution containing 7% 
Dextran Sulfate and at least 1X106 cpm/ml 32P labeled probe. Human CD7 cDNA 
(Aruffo and Seed 1987) random primer labeled using an OligoLabelling kit (Pharmacia, 
Uppsalla, Sweden) was used as a probe to identify the CD7 trangene. 

Slot Blot 
5 |Xg of purified genomic DNA was applied to nylon membrane (Duralon UV, Stratagene, 
LaJolla, CA) using a BioBlot apparatus (BioRad, Richmond, CA) and fixed by baking the 
membrane at 80° C for 2 hours under vacuum. Presence of the transgene was identified 



by pre-hybridization of the membranes for 1 hour at 65° C in a solution containing 3X 
SSC, 10X Denhardt's solution, 0.1% SDS, ImM EDTA and 10 mg/ml salmon sperm 
DNA and hybridization overnight at 60° C in hybridization solution: pre-hybridization 
solution containing 7% Dextran Sulfate and at least 1X10^ cpm/ml 32p labeled probe. 
Human CD7 cDNA (Aruffo and Seed 1987) random primer labeled using an 
OligoLabelling kit (Pharmacia, Uppsalla, Sweden) was used as a probe to identify the 
CD7 trangene. 

RNA preparation and analysis 
Immediately after harvesting, mouse tissues were snap frozen in liquid nitrogen, weighed, 
and diced with a sterile blade. Tissue was ground with a pestle in a sterile microfuge tube 
(Kontes Scientific Glassware, Vineland, New Jersey) containing 300 ml of 4M 
guanidinium isothiocyanate, 5 mM sodium citrate pH 7.0, 0.5% sarkosyl, and O.lmM 
dithiothreotol. The sample was added to 3 mis of buffer, overlayed upon 1.5 mis of 5.7M 
CsCl and centrifuged overnight at 35,000 x gravity (Glissen et. al. 1974 and Manniatis et. 
al. 1987). The RNA pellet was washed with 70% ethanol, resuspended in 200 |il 
diethylpyrocarbonate (DEP)-treated H2O and ethanol precipitated. The RNA was 
resuspended in 100 ml DEP-H2O and quantitated by spectrophotometry. For each 

sample, 15 |j,g of total RNA was electrophoresed through a 1.2% agarose gel containing 
2.2 M formaldehyde in MOPS buffer as described (Lehrach et. al. 1977). RNA was 
transferred to a nitrocellulose membrane (Scleicher and Schuell, Keene, NH) using 
capillary action(Southern 1975) and then hybridized as described by Sambrook (1987). 

32 
The     P random-labeled (Pharmacia, Uppsala, Sweden) human CD7 cDNA was used as 
a probe. Membranes were washed under final conditions of 0.5 X SSC, 0.1% SDS at 58° 
C for 10 minutes to remove non-specific hybridization and exposed to radiographic film 
(Kodak, Rochester, NY). 

Mitogenic Stimulation of Splenocytes and Thymocytes 
Cells were mechanically dissociated from fresh mouse spleen and thymus into 4° C 
RPMI1640 (Gibco, Grand Island, NY) and mononuclear cells were obtained by 
centrifugation over a Ficoll-Hypaque cushion as described (Mishell and Shiigi, 1980). 
Purified mononuclear cells were subsequently cultured in RPMI (Gibco, Grand Island, 
NY) containing 1 |ig/ml PHA, (Burroughs Wellcome, Research Triangle Park, NC), 10% 
fetal calf serum (FCS) and 10 units/ml recombinant 1L-2 (Cetus, Emeryville, CA). After 
72 hours in culture in 5% CO2 in air, the cells were assayed for CD7 induction by 
fluorescent activated flow cytometry (Haynes et. al. 1981b) or underwent RNA extraction 
for subsequent Northern blot analysis, described above. 

Antibodies and reagents 
Monoclonal antibodies Thy 1.2 (Anti-Thy-1, Becton Dickinson, Mountain View, CA), 
Ly5 (anti-B220, Pharmingen, San Diego, CA), Lyt2 (anti-CD8, Becton Dickinson, 
Mountain View, CA), L3T4 (anti-CD4, Becton Dickinson, Mountain View, CA), CD7 
(Caltag, South San Francisco, CA), OX-12 (anti-rat IgG, Sera-Labs, Crawley Down, 
Sussex, England), and streptavidin-phycoerythrin (Pharmingen, San Diego, CA) were 
used at saturating titers for immunohistology and flow cytometry. Monoclonal antibodies 
3Ala (anti-CD7)(ATCC # HB 2) and PK136 (anti-NKl.l)(ATCC # HB 191) were 
produced from hybridomas cultured in serum free media (SFM Gibco, Grand Island, NY) 
and purified using affinity chromatography over a Staph protein A/G column (Pierce, 
Rockford, NY). These purified antibodies were subsequently fluorescein conjugated 
(Goding 1976) and saturating titers determined. Affinity purified monoclonal antibody 
3Ala was pepsin digested (Lamoyi et. al. 1983) and F'(ab) fragments were obtained after 
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removal of the Fc portion by affinity chromatography over a protein A/G column (Pierce, 
Rockford, NY). The F'(ab) fragments were biotinylated as described (Hnatowich et. al. 
1987) and titer determined with streptavidin-phycoerythrin (Pharmingen, San Diego, 
CA). Monoclonal antibodies E13 (anti-Sea-1) (gift of I. Weissman, Stanford, CA) and 
F4/80 (ATCC # HB 198) (anti-macrophage subset) were cultured in DMEM media 
(Gibco, Grand Island, NY) supplemented with FCS. Spent culture supernatants were 
used in indirect IF assays and flow cytometry. 

Indirect immunofluorescence assays and flow cytometry 
Analysis of cell surface phenotype was performed in both direct- and indirect- 
immupofluorescence assays as described (Haynes et. al. 1981b). Briefly, 50 |il cells 
suspended at 2 X 107 cells/ml in PBS wash (phosphate buffered saline containing 2% 
bovine serum albumin and 0.1% sodium azide) were mixed with 50 |il antibody solution 
at saturating titer for 30 minutes at 4° C. These cells were then washed twice with 1 ml 
of PBS wash and resuspended in 50 jil fluorochrome conjugated secondary reagent at 
saturating titer diluted in PBS wash for 30 minutes at 4° C. Cells were subsequently 
washed twice with 1ml of PBS wash and resuspended in 1ml PBS wash containing 4% 
paraformaldehyde for fixation and stored at 4° C in foil wrap until flow cytometric 
analysis was performed. Directly conjugated primary reagents were performed as above, 
except fixation occurred after the first wash series. Cell suspensions were analyzed using 
a FACStar plus flow cytometer (Becton-Dickinson, Moutain View, CA). 

Preparation of cell suspensions 
For all flow cytometry experiments, freshly obtained suspensions of cells were used. 
Peripheral blood was obtained via retro-orbital bleed into a heparinized pasteur pipette. 
Erythrocytes were eliminated using the immunolyse reagent (Becton-Dickinson, 
Mountain View, CA) per manufacturer protocol and the remaining mononuclear cell 
population was analyzed via immunofluorescence flow cytometry. Peritoneal lavage 
cells were obtained by two sequential 7.5 ml injections of RPMI1640 into the 
peritoneum of a sacrificed mouse with subsequent drainage of this media via 16 ga. 
needle. These cells were washed once with RPMI 1640 media and subsequently 
analyzed via immunofluorescence flow cytometry. To obtain bone marrow cells, femurs 
were dissected and flushed with 2ml ice cold RPMI 1640. The femoral material was 
mechanically dissociated through a 29 ga. needle, washed once with RPMI 1640 and 
subsequently analyzed via immunofluorescence flow cytometry. To obtain splenocytes 
and thymocytes, dissected spleen and thymus were mechanically dissociated and 
mononuclear cells were isolated by density centrifugation (Mishell and Shiigi, 1980). 
Fluorescence activated cell sorted populations of bone marrow cells were prepared on a 
microscope slide using a cytoprep apparatus and subsequently stained with Wright- 
Giemsa reagents (Sigma, St. Louis, MO). 

Indirect IF histology 
Dissected tissue was snap frozen and stored in liquid nitrogen. Frozen tissue mounts 
were made using OCT compound (Miles Laboratories, Elkhart IN) and 4 |im frozen 
sections were prepared and subsequently fixed in 4° C acetone for 5 minutes and air 
dried for 20 minutes. Indirect IF assays on tissue sections were performed as described 
(Haynes et. al. 1989). Briefly, tissue slides were scored with a diamond tip pen to define 
the sample area. Antibody at saturating dilution in 50 |il PBS wash (phosphate buffered 
saline containing 2% bovine serum albumin and 0.1% sodium azide) was applied and 
allowed to incubate in a humid chamber for 30 minutes at room temperature. Slides were 
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then washed gently with PBS, placed in a slide rack and washed three times for 5 minutes 
at 4° C in a PBS bath. Excess PBS was carefully removed and secondary fluorochrome- 
conjugated reagent was applied at saturating titer in 50 (0.1 PBS wash for 30 minutes at 
room temperature in a humid chamber. Slides were then washed as before, excess PBS 
was removed and coverslipped under a PBS/30% glycerol solution. Slides were stored at 
4° C wrapped in foil until analyzed via fluorescence microscopy (Nikon Optiphot, 
Nippon Kogaku, JAPAN). 

B. Chromosomal Mapping of Mouse Cd7 

Probe sequence 
A mouse CD7 cDNA probe was generated using the polymerase chain reaction 
(PCR)(Innis et. al. 1990) with mouse CD7 specific primers from the published cDNA 
sequence (Yoshikawa et. al. 1993). In brief, PCR reaction were performed at 60° C 
annealing temperature for 30 seconds, 72°C extension temperature for 60 seconds and 
94° dissociation temperature for 30 seconds for 30 cycles. These reactions were 
performed with Deep Vent polymerase (New England Biolabs, Beverly, MA) using 
manufacturer buffers. The resulting 568 bp product spanned coordinates 115-683 of the 
published cDNA sequence. The PCR was performed with a mouse thymocyte cDNA 
library (C67BL/6 adult female from Stratagene, LaJolla, CA) as a template and a single 
product of predicted sequence was observed when analyzed via electrophoresis through 
ethidium bromide stained 1.2% agarose (Sigma, St. Louis, MO) in TAE buffer. This 
PCR product was purified using a Wizard PCR prep spin column (Promega, Madison, 
WI) and eluted in 20 jxl water. The identity of this fragment was confirmed via 
sequencing. 

DNA sequence analysis 
The PCR generated mouse CD7 cDNA fragment (above) was sequenced according to 
protocols of the manufacturer using an Applied Biosystems 373 A automated sequencer 
and fluoresceinated dye terminator cycle sequencing methods. Template for sequencing 
was the PCR products generated directly from the lambda cDNA library described above. 

RFLV identification 
Restriction fragment length variants (RFLV) were identified by Southern blot 
hybridization of mouse CD7 cDNA to genomic DNA from C3H/HeJ-g/d and (C3H/HeJ- 
gld x Mus spretus) Fl parental mice digested with various restriction endonucleases as 
previously described (Seldin et al. 1988). DNA purification, restriction endonuclease 
digestion, agarose gel electrophoresis, transfer to nylon membrane and hybridization 
conditions were performed as described (Watson and Seldin 1994). 

Chromosomal Localization 
The chromosomal location of mouse CD7 (designation CdT) was determined by using a 
series of genomic DNA samples obtained from an interspecific cross of C3H/HeJ-g/<i and 
(C3H/HeJ-g/d x Mus spretus) Fl digested with the restriction endonuclease Taq-1 as 
previously desribed (Seldin et al. 1988). The RFLV haplotypes of 114 interspecific cross 
offspring were analyzed via Southern blot analysis and results were compared with over 
500 previously characterized loci as described (Seldin et. al. 1988). Map position was 
determined using a Wingz spread sheet (Informatix software, Lenexa KS) on a Sun 
UNIX platform (Sun Microsystems, Mountain View, CA) which used the Bishop formula 
(Bishop 1988) to determine correct gene order. The confidence interval of the map 
position was determined using the standard error formula [r(l-r)/n]^^ where r is the 
recombination frequency and n is the population number (Green 1981). 
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C. Cloning and Characterization of Mouse CD7 

Probe sequences 
A mouse CD7 cDNA probe to be used for subsequent cloning experiments was 
generated by the polymerase chain reaction (PCR)(Innis et. al. 1990) with mouse CD7 
specific primers from the published cDNA sequence (Yoshikawa et. al. 1993). In brief, 
PCR reaction were performed at 60° C annealing temperature for 30 seconds, 72°C 
extension temperature for 60 seconds and 94° dissociation temperature for 30 seconds for 
35 cycles. These reactions were performed with Taq polymerase (Gibco/BRL Grand 
Island, NY) using manufacturer buffers. The resulting 347 bp product spanned 
coordinates 126-472 of the published cDNA sequence. The PCR was performed with a 
mouse thymocyte cDNA library (C67BL/6 adult female from Stratagene, LaJolla, CA) as 
a template and a single product of predicted sequence was observed when analyzed via 
electrophoresis through ethidium bromide stained 1.2% agarose in TAE buffer. The 
identity of this fragment was confirmed via sequencing. 

Isolation ofmCD7 genomic clones 
Two separate 129 strain mouse liver genomic libraries were plated and transferred to 
nylon membranes (Magna Lift, MSI, Westboro, MA) as previously described (Arber et. 
al. 1983 and Sambrook et. al. 1987). These libraries were a Sau3A partial digest cloned 
in lambda FIX (Stratagene, LaJolla, CA) and a Mbo-1 partial digest cloned in lambda 
Charon 35 (Loenen and Blattner, 1983) (kind gift of Dr. Hyung-Suk Kim, University of 
North Carolina, Chapel Hill, NC). Libraries were screened with a 32p random-labeled 
cDNA probe (Pharmacia, Uppsala, Sweden) using standard techniques (Benton and 
Davis 1977 and Manniatis et. al. 1987). Filters were probed in a sealed bag containing 4 
filters prehybridized for 1 hour at 65° C in a solution containing 3X SSC, 10X Denhardt's 
solution, 0.1% SDS, ImM EDTA and 10 mg/ml salmon sperm DNA and hybridized 
overnight at 60° C in hybridization solution: pre-hybridization solution containing 7% 
Dextran Sulfate and at least 1X10^ cpm/ml 32p labeled probe. These filters were washed 
at a final stringency of 0.5X SSC, 0.1%SDS at 55° C for 15 minutes and exposed to film 
(Kodak, Rochester, NY). Two positive lambda clones were subsequently characterized 
by Southern blot restriction endonuclease analysis (Southern, 1975 and Sambrook et. al. 
1987) and subcloned into pBluescript SK+ (Stratagene, LaJolla, CA). The clones 13-2 
and 21-1 were obtained from the Charon 35 and the FIX library respectively. 

DNA sequence analysis 
Subcloned lambda fragments were sequenced according to protocols of the manufacturer 
using an Applied Biosystems 373A automated sequencer and fluoresceinated dye 
terminator cycle sequencing methods. Primers used for PCR reactions and sequencing 
were generated both from sequences obtained while sequencing was in progress and from 
published cDNA sequences (Table l)(Table 2). Templates for sequencing were PCR 
products generated directly from plasmid subclones containing mouse CD7 DNA 
obtained from lambda clones. All sequence analyses were performed two or more times. 

Sequence comparisons 
Database searches were performed using both the Wisconsin Package database search 
and analysis algorithm (Program Manual, Wisconsin Package, 1994) and the Signal Scan 
analysis program (Prestridge 1991). Open reading frames were identified using Fickett's 
method of analysis available on the Wisconsin Package (Program Manual, Wisconsin 
Package, 1994). Exon donor and acceptor splice sites were visually identified by the 
presence of canonical sequences (Prestridge 1991). 
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Electrophoretic Mobility-Shift Assay (EMSAs) 
Nuclear extracts were prepared from the mouse lymphoma cell line EL4 (ATCC # 
TIB 39) and human cell lines K562 (ATCC# CCL 243), a chronic myelogenous 
leukemia and Jurkat, (ATCC # TIB 152), an acute T cell leukemia, by the method 
of Dignam (Dignam et. al. 1983). Electrophoretic mobility shift 
assays were performed as previously described (Sykes and Kaufman 1990). The nucleotide 
sequences used as double stranded probe in the EMSAs were as follows: 
hCD7-5',GATCATTGGGTCCCAGCAGAAAGTACCCCAGAGGACCAGGCAGG; 
mCD7-5',AACACATCCCAGCAGAAAATGACACAAAAGACCAGAGGAC; 
hCD7-3',AGAGCTCAGAGAGGGCTTCCTGGAGGCGGTGCCTCA; 
mCD7-3',TCCACCTTCATCTTCAGGAAGCCCTCCCTCGGAGCT. 
Nuclear extract (lOng) and end-labeled probe (l-3ng; 50,000 cpm) were combined with 
nonspecific DNA (1.25 mg poly dl-dC and 0.3 mg herring sperm DNA) for the binding 
reaction. Competition experiments included 160 fold molar excess of self, related, and 
non-specific oligonucleotides in the binding reactions. Complexes were fractionated on 
5% nondenaturing polyacrylamide gels, dried and visualized by autoradiography. 



Table 1 Primers used in sequencing the mouse CD7 gene. Shown is a list of the 
names and sequences of the primers used for sequencing the mouse CD7 gene. 5' 
primers sequence orientation is 5'-3' relative to the orientation of the coding strand 
of the gene, while 3' primers have sequence oriented 3'-5' relative to the coding 
DNA strand. 
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MCD7 3' PRIMERS 
1. MCD7 3'-1 "CGGGATCCCTGGTACTGGTTGGGGATGCATGG" 

2. MCD7 3'-2 "CCTGGCCAGGCGGCTCCAAGGCAG" 

3. MCD7 3'-3 "GTACCTCCCCACCCCCAAGCTTTG" 

4. MCD7 3'-4 "TGGGATCTGTATGCTTCTTGG" 

5. MCD7 3'-5 "TCCTGTCTACTGTGGGCTCC" 

6. MCD7 3-6 "AGATCCCTTCCAGGTGCC" 

7. MCD7 3'-7 "AGCACTGCCTGCTGAGTCA" 

8. MCD7 3'-9   "AGAGGCCGGGAGGGAGTTGA" 

9. MCD7 3'-10 "GACTACTCCCCACCCTGGCT" 

10. MCD7 3'-13 "TGCTCCCCCTGTAGGTGGGTT" 

11. MCD7 3'-14 "TCACAAGCACCAAGGGTAGA" 

12. MCD7 3'-15 "TCCTATCCCAGAAGTTCCGA" 

13. MCD7 3'-18 "TGAGAGTCTGGAGTAGATGC" 

14. MCD7 3'-19 "TTCACCACAACCGTGGTGAA" 

15. MCD7-EC-3'-2 "TTCGGGATCCCGTGGGAAGGAAAATGATGTCTGCAG" 

16. MCD7-EC-3'-l "CGGGATCCTGGGAAGGAAAATGATGTCTGCAG" 

Vector Primers 

1. T7     "GTAATACGACTCACTATATAGGGC" 

2. T3     "AATTAACCCTCACTAAAGGG" 
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MCD7 5' PRIMERS 
1. MCD7 5'-l "CATGCCATGGGACGTACACCAGTCCCCCCGACT" 

2. MCD7 5'-2 "CATGCCATGGATGCCCAAGACGTACACCAGT" 

3. MCD7 5'-3 "CCGCGGGTACCCGACGTACACCAGTCCCCC" 

4. MCD7 5'-4 "CATGCTCGAGATGACTCAGCAGGCAGTGCT" 

5. MCD7 5'-5 "TGTACTCGAGATCACCTGGATTTGGGCGTCATG" 

6. MCD7 5'-6 "ACAGGGCTCTGCAATCTGTCACCA" 

7. MCD7 5'-7 "CACACCCCGCCCAACTCCCCAGCA" 

8. MCD7 5'-8 "TTTGAAGACCGGCAGGAG" 

9. MCD7 5'-9 "GCCAGAGTGGCTGATTTGGCT" 

10. MCD7 5'-10 "TGTTGTAGCCAGAGTGGCTG" 

11. MCD7 5'-11 "TGCAGCATGCTGAGGAAG" 

12. MCD7 5'-13 "TCAACTCCCTCCCGGCCTCT" 

13. MCD7 5'-14 "CAGGCACAATTCTTGTGCA" 

14. MCD7 5'-15 "ACCCATTCTAGATGGCCAT" 

15. MCD7 5'-16 "CTGGCTCTGGTACCAGCAAT" 

16. MCD7 5'-17 "TGTGATGGAGGAGGCATCTC" 

17. MCD7 5'-18 "AGGAATCTCCGTGCGTAGTG" 

18. MCD7 5'-19 "CAGCAGAAACAACGTTACCC" 

19. MCD7 5'-20 "TCGACTGTTTGCCCTGGGCC" 

20. MCD7 5'-21 "CTAAGGAAGGATCACCCAGG" 

21. MCD7 5'-22 "CATGCTTCTAAGGAAGGATC" 

22. MCD7 5'-23 "CAAGGCTACTGGGTATGCTGTGTC" 

23. MCD7-MID "GAAGAACCTGACCATCATCA" 
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Table.2 Relative Position of Oligonucleotide Primers Used in Sequencing Mouse 
CD7. Oligonucleotide primers listed in Table 1 were used in cycle sequencing reactions 
incorporating dye-terminators for analysis on an ABI automated sequencer.   The relative 

position and orientation of these oligo primers on mouse CD7 is demonstrated in this 
figure. Multiple reactions were run with each oligo primer, only a representative reaction 

is shown in this figure. 
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D. Generation of CD7 Deficient Mice 

Construction of CD7 deficient mice: Disruption of the mouse CD7 gene was 
accomplished in 129 strain embryonic stem (ES) cells using standard methods, [koller 
ref]. A homologous recombination cassette was constructed using the pPNT vector (kind 
gift of R.C. Mulligan) (see Figure 21) by inserting 1.5kb of the mouse CD7 gene ending 
midway through exon 3 (corresponding to the predicted membrane proximal extracellular 
domain), with the addition of an in-frame stop codon 5' of the neomycin resistance gene. 
A 3' fragment of the mouse CD7 gene, beginning midway through intron 3 and extending 
3kb 3' of exon 4 was inserted 3' of the neo gene and 5' to the herpes thymidine kinase 
gene. ES cell clones with homologous recombination of the disrupted allele of CD7 were 
identified via Southern Blot analysis of Eco Rl digested genomic DNA due to a 2 kb 
restriction fragment length polymorphism resulting from the insertion of the neo gene. 
All offspring with disrupted CD7 were identified by Southern blot analysis of DNA 
purified from tail tissue and digested with EcoRl endonuclease (see Figure 22). 

Tail DNA was extracted by incubating tail tissue in buffer containing 50 raM Tris pH 8.0, 

100 mM EDTA, 0.5% SDS, and 1 mg/ml proteinase K at 55°C overnight. The samples 
were phenol/chloroform extracted, ethanol precipitated with 3M sodium acetate pH 6.0 
and resuspended in TE (lOmM Tris pH 8.0, 1 mM EDTA). 

Antibodies and reagents. Monoclonal antibodies Thy 1.2 (Anti-Thy-1, Becton Dickinson, 
Mountain View, CA), Ly5 (anti-B220, Pharmingen, San Diego, CA), Lyt2 (anti-CD8, 
Becton Dickinson, Mountain View, CA), L3T4 (anti-CD4, Becton Dickinson, Mountain 
View, CA), CD7 (Caltag, South San Francisco, CA), OX-12 (anti-rat, Sera-Labs, 
Crawley Down, Sussex, England), and streptavidin-phycoerythrin (Pharmingen, San 
Diego, CA) were used at saturating titers for immunohistology and flow cytometry. 
Monoclonal antibody PK136 (anti-NKl.l) was produced from hybridoma cultured in 
serum free media (SFM Gibco, Grand Island, NY) and purified using affinity 
chromatography over a Staph protein A/G column (Pierce, Rockford, NY). This purified 
antibody was subsequently fluorescein conjugated and saturating titers determined. 
Monoclonal antibodies E13 (anti-Sea-1) (gift of I. Weissman, Stanford, CA) and F4/80 
(ATCC, Rockville, MD) (anti-macrophage subset) were cultured in DMEM 
supplemented with FCS. Supernatants were used in indirect IF assays and flow 
cytometry. 

Indirect immunofluorescence assays and flow cytometry. Analysis of cell surface 
phenotype was performed in both direct- and indirect-IF assays. Cell suspensions were 
analyzed using a FACStar plus flow cytometer (Becton-Dickinson, Moutain View, CA). 

Preparation of cell suspensions. For all flow cytometry experiments, freshly obtained 
suspensions of peripheral blood and peritoneal wash cells were used. Femurs were 
dissected and flushed with 2ml ice cold RPMI1640 to obtain bone marrow. Splenocytes 
and thymocytes were isolated by density centrifugation. 

Immunization. Mice were immunized with 50 |ig tetanus toxoid in complete Freund's 

adjuvant (CFA) on day 0 and boosted with 50 (ig tetanus toxoid in incomplete Freund's 
adjuvant (IFA) on day 28 or 35 after the primary immunization. Mice were anesthetized 
with ketamine/xylazine for all immunizations. 
Sample collection. Blood was collected from the retroorbital plexus using a heparinized 
Natelson capillary tube (Baxter Healthcare Corporation, McGaw Park, IL) while mice 
were under isoflurane anesthesia. Fresh fecal samples were collected and extracted using 
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PBS with 0.1% sodium azide. One milliliter of PBS-azide was added for every 100 mg 
of feces, the samples were then vortexed for 20 - 30 minutes and centrifuged in a 
microcentrifuge for 10 minutes. All samples were stored at -20 °C until assayed for anti- 
tetanus toxoid antibodies. 
ELISA. Enzyme-linked immunosorbent assay (ELISA) was used to determine the 
presence of anti-tetanus toxoid antibodies in serum samples. TT was suspended in CBC 
buffer (15 mM NajCOj, 35 mM NaHC03, pH 9.6) at a concentration of 3 |ig/ml and 
plated to 96 well microtiter plates (Costar #3590, Cambridge, MA) at 50 ml/well. After 
overnight incubation at 4 °C, the contents of the wells was discarded and blocking buffer 
(CBC with 3% non-fat dry milk) was added at 200 |il/well. After incubating at room 
temperature for two hours, plates were stored at "20°C until used. ELISA plates were 
washed four times with ELISA wash buffer (PBS, 0.05% Tween-20,0.1% sodium azide) 
before the addition of samples. All samples were diluted in serum diluent (PBS, 2.5% 
bovine serum albumin, 2.5% non-fat dry milk, 5% normal goat serum, 0.1% sodium 
azide, 0.05% Tween-20) and added to ELISA plates at 100 ^l/well (serum and fecal) or 
50 ml/well (vaginal and salivary). After overnight incubation at 4 °C, plates were washed 
four times with ELISA wash buffer before the detection antibody was added. Alkaline 
phosphatase conjugated, goat anti-mouse IgG, -IgA, or -IgM [Southern Biotechnology 
Associates (SBA), Birmingham, AL] was diluted 1:1,000 (PBS, 0.05% Tween-20,0.5% 
bovine serum albumin) and used as the detection antibody (100 (il/well). After 
incubation at room temperature for three hours, plates were washed 4 times with ELISA 
wash buffer and reacted with the alkaline phosphatase substrate p-nitrophenyl phosphate. 
After a 10 minute incubation, plates were read at 405 nm on a Titertek Multiscan Plus 
plate reader. 

Cell isolation. Lymphocytes were removed from the spleen (SP) for in vitro 
assays. The SP was removed from the animal using sterile technique and placed in 15 ml 
complete media in a 15 x 100 mm sterile petri dish. Each spleen was cut into 5-6 
sections using sterile scissors. Cells were expressed from each section of the spleen by 
pressing each section of the spleen against the bottom of the petri dish using the end of 
plunger from a sterile, plastic 5 cc syringe (Becton Dickinson, #9603). Leaving the 
spleen capsule in the petri dish, spleen cells were transferred to a 15 cc conical centrifuge 
tube and placed on ice for 5 minutes to allow large sections of tissue to settle. The top 13 
ml of cells was then transferred to another 15 cc conical centrifuge tube and centrifuged 
for 8 minutes at 1,500 rpm (Sorvall RT6000B refrigerated centrifuge). To the cell pellet, 
buffered ammonium chloride was added (1 ml/spleen) and incubated on ice for 5 minutes 
to lyse red blood cells. Cells were washed 3 times in complete media and used for 
proliferation assays. 

E. Production of Recombinant Mouse CD7 and Antibodies 

Recombinant mouse CD7: A vector for bacterial production of mouse CD7 was 
constructed using the commercial expression cassete pQE60 (Qiagen Corp., Chatsworth, 
CA) which features a 5' 6-Histidine tag for easy purification. The cDNA encoding for 
the extracellular domain of mouse CD7 was obtained using RT-PCR with mRNA 
obtained from C57BL/6 thymus. The primers used in this reaction contained restriction 
endonuclease sequences, allowing easy cloning into the pQE60 vector. E. coli were 
transformed according to manufacturer protocols and induced to express mouse CD7 
(mCD7) with IPTG (per manufacturer protocols). A protein corresponding to the correct 
apparent molecular weight was identified using SDS-PAGE. This protein was purified to 
homogeneity using a nickel agarose column per manufacturer protocols. The sequence of 
this protein was verified using Edman degradation microsequencing. 
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Generation of reactive antisera: mCD7 protein (250 ug) was injected in complete 
Freund's adjuvant followed by incomplete Freunds adjuvant into 6 week old LOU rats. 
Serum was obtained via retroorbital bleed and reactivity was assessed via Western blot 
on recombinant mCD7, thymic and splenic NP-40 extracts. Reactivity was also assessed 
via ELISA assay on recombinant mCD7. Finally, reactivity to C57BL/6 thymocytes was 
assessed as detailed above. 

Generation of monoclonal antibodies to recombinant mCD7: Splenocytes were 
isolated from a rat with serum reactive to recombinant mCD7 and fused with mouse 
myeloma P3X63 cells using PEG fusion. Reactivity in resultant hybridomas was 
assessed via ELISA assay with plates coated with recombinant mCD7. Reactivity was 
confirmed via Western blot assay on recombinant mCD7, thymic and splenic NP-40 
extracts (see Figure 23). 
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Results 

A. Generation and Characterization of Human CD7 Transgenic Mice 

When these studies were initiated, prior to the cloning of mouse CD7, little was known 
about the tissue specific and developmentally specific mechanisms regulating CD7 
expression. In addition, it was hypothesized that mouse Thy-1 may be a functional 
homologue of human CD7 in mice. Since transgenic mice had proven to be a powerful 
tool for the in vivo study of regulation and function of numerous genes, including mouse 
Thy-1 (Kollias et. al. 1987), human CD4 and human CD2, human CD7 transgenic mice 
were constructed. The transgenic construct used in these mice included 7 kb of 5' 
flanking sequence and 2 kb of 3' flanking sequence in addition to the 3 kb CD7 gene. 
This construct was used to allow study of the in vivo tissue and developmentally specific 
transcriptional regulation of human CD7 as assayed by mRNA and protein expression in 
the transgenic mice. In addition, because this construct was designed to potentially give 
tissue specific and developmentally appropriate expression of human CD7, possible 
functional consequences of human CD7 expression in mouse immune cell populations 
were assessed. 

Generation ofCD7 transgenic mice 
The 12 kb CD7 genomic fragment (Figure 1A) was microinjected into mouse zygotes and 
produced four stable CD7 transgenic lines. Two mouse lines (lines 215 and 558) showed 
no measurable levels of expression of the CD7 transgene in any tissue and had transgene 
copy numbers of one and ten, respectively. The experiments described here were 
performed with mouse lines 216 and 555 that carried three and five copies of the CD7 
transgene, respectively, and expressed the human CD7 transgene. 

Tissue-specific expression of the human CD7 transgene 
Heterozygous transgene positive animals from lines 216 and 555 were studied for the 
presence of CD7 mRNA in multiple tissues (cecum, brain, heart, kidney, liver, spleen and 
thymus) using northern blot analysis. Northern blot analysis of RNA from three mice of 
transgenic line 216 and 555 showed the expected CD7 1.3 kb band in only spleen and 
thymus (Figure IB). 

CD7 transgene expression in spleen and thymus by IF assay 
Next, we assayed for human CD7 protein expression in spleen and thymus using direct IF 
assay. In immunohistologic analysis of frozen tissue sections from line 216, CD7 
transgene expression was present in both thymus and spleen with an expression pattern 
similar to that of CD7 in humans. Transgenic line 216 thymus expressed CD7 primarily 
in medullary thymocytes (Figure 2A). In 216 transgenic mouse spleen, CD7 transgene 
expression was similar to human CD7 expression in humans; most cells around splenic 
follicles were CD7+ (Figure 3B). Mouse Thy-1 was expressed in a homogeneous pattern 
on both 216 thymocytes and splenic T cells (Figures 2B, 3A); a pattern unchanged from 
control mice. In line 555, there were only scattered brightly staining CD7+ cells in both 
the spleen and thymus (Figures 2C and 3D). 
Thymocyte subset expression of the CD7 transgene 
Human CD7 expression levels vary on different thymocytes subpopulations. Using three 
color flow cytometry, we studied CD7 transgene expression on subsets of 216 mice 
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thymocytes and compared CD7 transgene expression with endogenous CD7 expression in 
human thymus. All 216 line mouse thymocytes were CD7+ with most thymocytes 
CD7lo+. Both CD8+CD4- (single positive, SP) and the CD4"CD8-(double negative, 
DN) populations had greater CD7 transgene expression than CD4+CD8+ (double 
positive, DP) and CD4+CD8" SP thymocytes (Figure 4). An identical pattern of CD7 
expression was seen in SP, DN and DP human thymocytes (Figure 5). 

Comparison of CD7 transgene expression with mouse Thy-1 expression 
Mouse Thy-1 is expressed on brain tissues as well as T-lymphocytes. To compare 
expression patterns of mouse Thy-1 and the CD7 transgene, we analyzed adult mouse 
brain, thymus and spleen tissues in IF assays (Figures 2, 3, and 6). In transgenic mouse 
lines 216 and 555, the expression of mouse Thy-1 in thymus, brain, and spleen was 
identical to that of non-transgenic litter mates. In line 216 (Figure 6) and 555 brain (not 
shown), brain cortex was Thy-1+ and human CD7 negative, an expression pattern like 
that in humans. Note the expression of the CD7 transgene in a meningeal leukocyte 
(identified by an arrow in Figure 6) in the 216 line brain tissue. 

Hematopoietic subset expression of the CD7 transgene 
In humans, mature T and NK cells as well as the earliest progenitors of myeloid, NK, B, 
and T cells express CD7 (Chabannon et. al. 1992, Grumayer et. al. 1991, Haynes et. al. 
1989, Haynes et. al. 1979, Barcena et. al. 1993, Rabinowich et. al. 1994a and Cicuttini et. 
al. 1993). Therefore, splenocytes, peripheral blood leukocytes, peritoneal lavage 
macrophages and bone marrow cells of transgenic mouse lines 216 and 555 were 
analyzed for expression of the CD7 transgene. We found the CD7 transgene expressed in 
Thy-1+ T cells, Ly-5+ B cells, PK136+ NK cells and F4/80+ macrophages in 216 line 
CD7 transgenic mice, while expression of the CD7 transgene was seen only on T and B 
cells in the 555 transgenic line (Figure 7). The CD7 transgene expression levels were 
slightly higher on T-cells and NK cells than on B cells in the 216 line transgenic mice. 

To assess the effect of CD7 transgene expression on mouse leukocyte populations, we 
quantified T, B, NK and monocyte/macrophage cell subpopulations in spleen and thymus 
of transgenic lines 216 and 555 compared to non-transgenic control animals (Tables 3 
and 4). No perturbation of numbers of thymocyte, splenocyte, PB or peritoneal lavage 
leukocyte populations were observed in CD7 transgenic mice compared to control mice. 

Bone marrow cell expression of the human CD7 transgene. 
Human CD7 is expressed on several subsets of bone marrow progenitor cells capable of 
giving rise to myeloid and lymphoid lineages (Chabannon et. al. 1992, Tjonnfjord et. al. 
1993 and Pohla et. al. 1993). Using flow cytometric analysis, we assayed for CD7 
transgene expression in adult bone marrow from the 216 transgenic line. CD7m+, 
CD7^°+, and CD7" populations were seen in 216 bone marrow cells (Figure 8). Analysis 
of CD7 expression on Sca-1+ early progenitor populations in bone marrow was 
performed. All bone marrow Sca-1 positive cells were also CD1^+, indicating that CD7 
was expressed on immature hematopoietic progenitors. 

Finally, we used flow cytometric sorting to isolate the three CD7 subpopulations of cells 

in bone marrow (CD7-, CD7 °   and CD7 * ) (Figure 9). Morphologic examination by 
light microscopy revealed that CD7" bone marrow cells were predominantly red blood 

cells, CD7 °   cells were predominantly mature granulocytes (PMNs) and CD7      cells 
were immature mononuclear cells (Figure 9), confirming that CD7h1+ cells contained 
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immature hematopoietic populations. 

CD7 transgene is an antigen of mouse Tcell activation 
In humans, CD7 is an antigen of T cell activation with upregulation of CD7 expression 
by ionomycin as well as PHA and IL-2. To assess the inducibility of the CD7 transgene 
in transgenic mice, we cultured splenocytes and thymocytes in the presence of EL-2 (10 
U/ml) and PHA (lmg/ml) for 24 hours; the resulting levels of CD7 surface expression 
were assayed via flow cytometry and CD7 mRNA determined by Northern blot analysis. 
We found induction of the CD7 transgene cell surface expression in both 216 thymocytes 
and splenocytes (Figure 10 A,B). Activated splenocytes and thymocytes from line 216 
showed a greater than 5 fold increase in the level of steady state CD7 mRNA as well 
(Figure IOC). These data indicate that the transgene used in constructing these mice 
includes regulatory sequences necessary to confer inducibility by PHA and IL-2. 

Developmental expression of CD7 transgene 
To assess the developmental expression of the CD7 transgene in transgenic mice, direct 
IF assays were performed on tissue obtained from mouse fetal yolk sac and liver. 
Numerous CD7+ cells with high level CD7 expression were seen at gestational day 13 in 
both yolk sac and liver (Figure 11). While numerous CD7+ cells were present in fetal 
liver, few Thy-1+ cells were present, demonstrating a difference between CD7 transgene 
and mouse Thy-1 expression. 

We analyzed gestational day 15 fetal thymus from transgenic line 216 for both CD7 and 
Thy-1 expression using direct immunofluorescence histology. As seen in Figure 11H, 
there were numerous CD7+ bright cells present in the thymic medulla. Gestational day 
15 fetal bone marrow from line 216 was also studied using direct IF histology. This 
represented a stage in development shortly after colonization of the fetal bone marrow 
with stem cells (Rugh 1990). Figures 1 IB and C show that cells in gestational day 15 
bone marrow of the 216 transgene line expressed both mouse Thy-1 and the CD7 
transgene.   Taken together, these fetal data indicate that the transgene used to construct 
these mice contains the control elements necessary to confer developmentally appropriate 
expression of CD7. 

Thus, initial characterization of human CD7 transgenic mice shows that the transgenic 
construct used in these mice confers expression of human CD7 in a manner similar to that 
in humans. The demonstration that the CD7+ bone marrow in these mice contains very 
early hematopoietic progenitor populations shows these mice will provide an excellent 
model in which to study hematopoietic reconstitution after chemotherapeutic ablation. 



24 

B. Chromosomal Mapping. Cloning and Analysis of the Mouse CD7 Gene 

During the characterization of our CD7 transgenic mouse model, Yoshikawa et al. 
published a mouse cDNA sequence which was similar both in sequence and in mRNA 
expression pattern to human CD7, which they tentatively designated as mouse CD7 
(Yoshikawa et. al. 1993). This finding was congruent with those observed in the human 
CD7 transgenic model wherein significant expression differences were noted between the 
human CD7 transgene and the hypothesized mouse functional homologue Thy-1. To 
confirm the identity of this putative mouse homologue of CD7, and to further 
characterize the biology of CD7 in an animal model, the mouse chromosomal map 
position of CD7 was determined. Subsequently, the gene for mouse CD7 was cloned, 
sequenced and analyzed, comparing mouse CD7 to both human CD7 and other 
immunoglobulin gene superfamily members. Finally, initial studies to identify possible 
functionally relevant transcriptional control elements in the 5' region of both mouse and 
human CD7 were performed. 

RFLV identification 
The chromosomal location of Cd7 (mouse chromosomal locus designation of CD7) was 
determined using a series of genomic DNA samples obtained from an interspecific cross 
previously characterized for over 500 genomic loci (Seidin et. al. 1988). A probe to 
detect mouse CD7 was obtained using reported sequences (Yoshikawa et al. 1993) to 
design primers for use in the polymerase chain reaction (PCR). This probe, spanning 
base pairs 115-683 of the published cDNA sequence, was obtained using a mouse 
thymocyte cDNA library as a template from which a single product of predicted 
sequence was observed. Restriction fragment length variants (RFLV) were determined 
by Southern blot hybridization of this probe to genomic DNA from C3WHeJ-gld and 
(C3H/HeJ-g/d x Mus spretus)Fl parental mice digested with various restriction 
endonucleases as previously described (Seidin et al. 1988). An informative RFLV was 
identified using TaqI restricted DNA: C3H/HeJ-g/d, 3.6 kb; Mus spretus, 2.4 kb (Figure 
12). 

Chromosomal map determination 
To determine the map position of mouse Cd7, genomic DNA from 114 offspring 
resulting from crossing C3H/HeJ-g/d and (C3H/HeJ-gld x Mus spretus)¥l parental mice 
were analyzed for the above mouse CD7 RFLV using Taq-1 restriction endonuclease. 
The resulting RFLV pattern correlated most closely with the genes Pkca and Timp-2, 
which had previously been localized to mouse chromosome 11 and were thus used as 
reference loci. Haplotypes of the backcross mice are shown in Figure 13. Gene order, 
determined by minimization of chromosome crossover events, was: Pkca -4.3cM +/- 
1.9cM—Timp-2- 1.8cM+/-1.2cM~CJ7. Thus mouse Cd7 maps just distal to Timp-2 on 
Chromosome 11. Interestingly, the nude mutation, which also maps to chromosome 11, 
maps proximal to Pkca, thus ruling out a mutation in CD7 as the cause of the nude 
phenotype. 

Cloning of the mCD7 gene 
Two lambda mouse genomic DNA libraries were screened using a random-labeled 
mCD7 cDNA probe. The first library, a Sau3a partial digest of 129 strain mouse 
genomic DNA in lambda FK, yielded an 14kb clone designated lmCD7 21-1 (Figure 
14A). Screening of a second library, a Mbo-1 partial digest of 129 strain mouse genomic 
DNA cloned into Charon 35, revealed a 18 kilobase clone, designated lmCD7 13-2, that 
contained the entire mCD7 gene (Figure 14 A). 
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Structure and sequence ofmCD7 
The mCD7 gene and promoter region was sequenced in its entirety, revealing a gene 
spanning 2672 bp composed of four exons separated by three short introns (Figure 14 B). 
In all, 4453 bp were sequenced including 1230 bp of 5' flanking sequence region, the 
coding region of the gene, and 552 bp of 3' flanking sequence (Figure 15). The intron- 
exon borders were deduced by comparison with the published cDNA sequence. All 
intron-exon borders contained appropriate donor and acceptor splice sites (Padgett et. al. 
1986). All exonic sequences matched the previously reported mouse CD7 cDNA 
sequence (Yoshikawa et al. 1993). 

Analysis of 5' flanking sequence 
Approximately 1.2 kb of genomic DNA 5' of the initiation of transcription as defined by 

the first nucleotide in the mCD7 cDNA (Yoshikawa et al. 1993) were sequenced and 
analyzed. This region had 52.8% GC content. Using the Signal Scan analysis program 
(Prestridge, 1991), we analyzed the promoter region of mCD7 for the presence of 
previously described transcription factor binding motifs. No TATA or CCAAT motifs 
were identified; however, numerous nuclear transcription factor binding motifs were 
identified (Figure 18 A) including motifs for transcription factors known to be important 
in hematopoietic cells including TCF-1, CACC boxes, PEA-3, and GAT A. 

Comparison ofmCD7 with hCD7 and mouse Thy-1 
Initially, the mouse CD7 gene was compared to the human CD7 gene using the sequence 
analysis program COMPARE algorithm on the Wisconsin Package (Program Manual, 
Wisconsin Package, 1994). Figure 17 demonstrates the similarity observed between the 
two genes includes only the exonic sequence, with very little similarity observed 
elsewhere. This was significant, because in genes such as Thy-1, transcriptional 
regulatory elements have been described in introns 1 and 3. Overall structural 
organization of mCD7, mouse Thy-1 and hCD7 genes was compared and found to be 
similar in that all three genes were small and contained four exons (Figure 19). Intron 
sizes varied, but mCD7 and hCD7 had similar intron-exon boundaries. Using the 
sequence analysis program BESTFIT and COMPARE algorithms on the Wisconsin 
Package (Program Manual, Wisconsin Package, 1994), the promoter region of the mCD7 
gene was compared to the 5' flanking regions of hCD7 and mouse Thy-1 (Figures 16,17). 
One distinct area of sequence similarity was present in all three genes (Figure 18B); 
another region was shared between mCD7 and hCD7 (Figure 18C). 

A novel feature of the mouse Thy-1 gene is that it has two first exons, alternatively 
spliced at the RNA level (Ingraham and Evans 1986). We analyzed the promoter region 
of mCD7 using Ficket's method of open reading frame (ORF) detection (Program 
Manual, Wisconsin Package, 1994). An ORF of 105 bp (35 amino acids) was identified 
near exon one from bp 741-840 with an in-frame donor splice sequence (Padgett et. al. 
1986) from bp 839-846 in mCD7. This ORF is similar in both relative size and position 
to exon la in mouse Thy-1 (Ingraham and Evans 1986). However, no transcript 
containing this sequence could be identified by either Northern blot or RT-PCR analysis 
in either splenic or thymic tissue from mature C57BL/6 female mice (data not shown). In 
addition, no homologous region was observed in the human CD7 5' region. While this 
was not an exhaustive method of analysis for the transcript, the level of transcription 
would have had to be exceedingly low to miss detection, or the transcript is only present 
either at a different developmental stage or in different tissues. 

Similarity Regions Interact With Ubiquitous and Tissue-Restricted Proteins 
To determine whether the identified promoter sequence similarity regions (Figures 18 
B,C) were involved in DNA-protein interactions, electrophoretic mobility shift assays 
(EMSA) were performed using both the human and mouse sequences as probe. The most 
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3' similarity region probe, which includes a putative ets binding site (GGAA), gave the 
same pattern on EMS A using both the mouse and human sequence as probe (Fig 20 A 
and B). With the hCD7 3' probe, three discrete complexes were present as indicated by 
the arrows. Complex 1 was present in the three cell lines tested. Complex 2 was present 
as a doublet only in the mouse T cell line EL4, while complex 3 was unique to the human 
T cell line Jurkat. The differences in complexes 2 and 3 may represent species variation 
between similar factors. Both the human and mouse CD7 sequences cross-competed for 
the formation of complexes 2 and 3. EMS A performed with a probe in which the GGAA 
was mutated gave similar results; protein binding was not prevented by altering the 
GGAA, and the mutated oligonucleotide effectively competed the wild type 
oligonucleotide (data not shown), suggesting that it may not be an ets factor that binds to 
this region. 

EMS A performed using oligonucleotide probes of the more 5' region of similarity 
showed DNA-protein interactions only in the human cell lines tested (Fig 20 C and D). 
The human and mouse probes for this region identified three complexes (complexes 4,5 
and 6). Complexes 4 and 6 are specifically competed by self, while complex 5 shows 
minimal self competition. As in the earlier gel shifts, one complex (complex 4) is formed 
with Jurkat extract only (Fig 20 C), suggesting binding of a tissue restricted factor. 

Thus we have confirmed the identity of the mouse CD7 homolog. Further examination 
of this gene and gene product will shed light on both the molecular mechanisms of 
developmentally appropriate, hematopoietic specific expression of CD7 as well as 
possible functional roles for CD7 during hematopoiesis. This characterization, when 
combined with the analysis of the biology of human CD7 in the human CD7 transgenic 
mouse model, will clearly establish a model system for further examination of CD7 and 
its relevance for human biology. This in turn will contribute to our understanding of 
molecular events which transpire during hematopoiesis, an understanding which will 
allow therapeutic intervention in the post-chemotherapeutic phase of breast cancer 
treatment. 

C. Generation of CD7 deficient mice 

To insert a null allele of mouse CD7, embryonic stem (ES) cells were transfected with 
linearized pCK7KO (figure 21). This vector contains a deletion of the distal half of exon 
3 (encoding for the transmembrane region of mouse CD7) with an insertion of the neor 

gene at the site of the exonic deletion. In addition, an in frame stop codon was 
introduced at the truncated end of exon 3. It was hypothesized that the deletion and stop 
codon mutations would prevent the production of surface bound mouse CD7. In 
addition, it was postulated that removal of the mRNA concensus splice site at the distal 
end of exon 3 and the addition of the neor gene would interfere with mRNA processing, 
thus minimizing the production of secreted soluble CD7. 

ES cell clones which contained a homologous recombination at the CD7 gene as well as 
offspring of chimeric mice which carried the null CD7 mutation were identified by 
southern hybridization (figure 22 ). In all offspring screened, the southern pattern was 
consistent with that expected from the pCD7KO map. 

Since no monoclonal antibody reagents are available for mouse CD7, demonstration that 
homozygous CD7KO mice were deficient in CD7 production, RT-PCR of RNA from 
spleen and thymus were performed to identify CD7 transcripts. No full length message 
was identified (data not shown). 
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General Health 

CD7 deficient mice were fertile and developed no opportunistic infections in standard 
housing through at least 1 year of age. The null allele of CD7 was transmitted in a 
mendelian fashion, and no sex bias for reproduction was noted in the population. 

Lymphocyte Populations in CD7 deficient mice 

To assess an influence of CD7 deficiency on lymphoid maturation, the cellular 
composition of spleen, thymus, peripheral blood and bone marrow was analyzed via flow 
cytometry. We found no pertubations in spleen, peripheral blood or bone marrow in 
either organ size, lymphoid subpopulation percentages or absolute counts (figure 24). A 
consistent difference was noted in the thymi of CD7 deficient mice, where approximately 
twice as many thymocytes were present (figure 24). Upon analysis of CD4/CD8 thymic 
subpopulations, these thymocytes were members of the CD4+CD8+ (DP) subpopulation 
exclusively (figure 25). We also analyzed the effect of age on this increase in thymocyte 
numbers and found that this difference, while not present in the first 3 weeks of life 
(when the thymii of both CD7 deficient and control mice are at maximal size), the 
difference was present by 3 months of age and persisted with increasing difference 
through 6 months of age. 

CD7 deficient mice are competent to mount humoral responses 

Antibody responses in CD7 deficient mice were assessed by analysis of both general 
immunoglobulin levels and of immunoglobulin responses to specific antigen. To assess 
general Ig production, quantitative immunoglobulin levels were measured by ELISA 
assay. As seen in figure26, no differences were noted either in absolute Ig levels, or in 
specific isotype amounts. To assess humoral response to the T cell dependent antigen 
tetanus toxoid, 4 month old mice were immunized with tetanus toxoid in complete 
freund's adjuvant. As seen in figures 27-29, no differences were noted in isotype specific 
responses to tetanus toxoid antigen. 

D. Generation of mouse CD7 Antibodies 

Generation of mCD7 reactive antisera 
Wistar rats were immunized with bacterially expressed recombinant mouse CD7. Serum 
reactivity was assessed via ELISA assay (data not shown) and via Western blot assay 
against the immunogen (mCD7) and thymic and splenic extracts. 

Generation of CD7 reactive antibodies. 

Having obtained reactive sera in LOU rats, splenocytes from one of these rats were fused 
with the mouse myeloma line P3X63 and reactive hybridomas were identified via ELISA 
assay against recombinant mCD7. The reactivity of these hybridomas was also assessed 
via Western blot assay against the immunogen (mCD7) and thymic and splenic extracts. 
Shown is the reactivity pattern of supernatant from these hybridomas against this 
immunogen as well as against C57BL/6 thymocyte and splenocyte extracts (figure 23). 

Reactivity pattern of CD7 monoclonal antibodies 

After assessing reacivity on recombinant mCD7 and on splenic and thymic extracts, 
reactivity of the CD7 monoclonal antibodies was assessed on whole thymocytes via flow 
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cytometry . Unfortunately, these monoclonal antibodies are not reactive to whole protein 
on thymocyte cell surface (data not shown). 
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Conclusions 

A. Molecular Characterization of CD7 

Analysis of in vivo regulation ofCD7 in transgenic mice 
In this work we have characterized human CD7 transgenic mice and demonstrated that 
expression of the human CD7 transgene was regulated in a tissue-specific pattern that 
resembled the pattern of CD7 expression in humans. Further, there were differences 
between the expression of CD7 and Thy-1 in CD7 transgenic mice throughout 
development. Finally, the presence of the human CD7 molecule on mouse hematopoietic 
cells did not alter T cell lymphopoiesis. 

Human CD7 is found on T lymphocytes throughout T cell development, and is expressed 
on 1% of cells in fetal liver, on most thymocytes and on 85% of PB T cells (Haynes et. al. 
1989 and Haynes et. al. 1979). In humans, CD7 is also found on NK cells (Rabinowich 
et. al. 1994a), CD19+ B-lineage fetal bone marrow cells (Grumayer et. al. 1991) and 
TdT+, My9+ early myeloid lineage cells (Chabannon et. al. 1992). In CD7+ transgenic 
mice we have shown expression of CD7 throughout hematopoiesis, from early precursor 
cells in mouse gestational day 13 yolk sac, day 15 fetal liver and day 15 fetal thymus, as 
well as in the mature hematopoietic cells of several lineages, including B and T 
lymphocytes, macrophages and NK cells. 

Although no functional consequence of human CD7 expression in transgenic mouse fetal 
yolk was noted, CD7 presence in placental yolk sac is consistent with expression of CD7 
in human yolk sac at gestational week 7 (Haynes et. al. 1988). Since CD7 expression is 
tissue and developmentally restricted, and since gene expression often implies functional 
necessity, CD7 presence in these embryonic lymphoid precursors suggests a role for CD7 
in the earliest stages of lymphopoiesis. 

Consistent with CD7 playing a role in the earliest stages of lymphopoiesis was the 
presence of the CD7 transgene on the earliest progenitor bone marrow populations (see 
Figure 8) in the 216 transgenic line. Analysis of the co-expression of Sca-1, present on 
stem cells in bone marrow, revealed that all Sca-1+ cells were also CD7+. While Sca-1 
expression is not limited to stem cells, it is present on stem cells, and since 100% of Sca- 
1+ cells were CD7+, it is likely that CD7 is also expressed on stem cells in bone marrow. 
Sorting of CD7briSht> dim and negative bone marrow populations (Figure 9) 
demonstrated that the CD7bright population consists largely of immature hematopoietic 
cells, again consistent with CD7 transgene expression on very early hematopoietic 
populations. 

While CD7 expression in transgenic mice was comparable to the expression of CD7 in 
humans during lymphopoiesis, and CD7 was present on the surface of early 
hematopoietic progenitors in both systems, CD7 in the transgenic mice continued to be 
expressed on mature cells of the myeloid and B cell lineages. During normal human 
development, subsets of myeloid and B cell progenitors bearing the CD7 molecule have 
been described (Chabannon et. al. 1992 and Grumayer et. al. 1991), but as these cells 
terminally differentiate, CD7 expression is lost. Our results predict that either the 
transgene lacks negative regulatory elements for turning off CD7 transcription in non-T 
and non-NK cells or the mouse environment is missing one or more factors that is 
necessary to down-regulate CD7 in mature B and myeloid cells. As we have previously 
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demonstrated, human CD7 gene expression is regulated at both the transcriptional and 
post-transcriptional level (Ware and Haynes 1993); either mechanism may occur in this 
transgenic setting. 

In both the fetal and adult thymus of CD7+ transgenic mice, expression of the CD7 
molecule resembled the pattern of human CD7 expression in several ways. Adult and 
fetal thymus in the transgenic mice displayed the same characteristic staining pattern on 
IF histology as is seen in human thymus; medullary thymocytes stained brightly, while 
most cortical thymocytes stained dimly, with only scattered bright CD7+ cells. In 
addition, the differing levels of CD7 expression seen in double negative, double positive 
and single positive thymocytes in human thymus were comparable to the differing levels 
of CD7 expression seen on the thymocytes of CD7+ transgenic mice (see Figure 5). 
These data suggest that the transgene includes regulatory elements needed for the 
appropriate expression of the CD7 gene throughout intrathymic T cell development and 
that the necessary transcription factors are conserved in the mouse and human systems. 

The fact that CD7 expression is enhanced on the CD8+ population of thymocytes in both 
human and in the transgenic mice provides insight into a functional role in this 
population. Genetic evidence from CD28 deficient mice, which demonstrate an intact 
CTL response (Shahinian et. al. 1993), suggests that molecules other than CD28 are 
providing co-stimulatory function in this population. Consistent with those findings, it 
has recently been shown that CD28 ligation in mouse CD4+ or CD8+ peripheral blood 
T-cell subsets leads to disparate results, with more marked effects on the CD4+ 

population (Abe et. al. 1995). Furthermore, in humans, CD7 expression is down 
regulated and shut off in mature CD4+ CD45RO+ T cells, but remains high in both 
CD8+ CTL and in NK cells. Taken together, these data suggest that CD7 may function 
preferentially in lymphocyte populations responsible for cell mediated responses. While 
the evidence for this remains circumstantial, these questions could be addressed in this 
model, comparing CTL responses in CD7 transgenic mice with non-transgenic 
littermates. In addition, examination of the endogenous mouse CD7 expression pattern 
will allow confirmation of preferential CD7 expression on CD8+ T-cells and NK cells. 
Finally, future examination of CD7 deficient mice may demonstrate aberrant cell 
mediated responses to specific immunologic challenges. 

The mouse Thy-1 gene is known to have distinct regulatory elements 3' of the promoter 
region that act independently to control expression in various tissues, but the elements 
responsible for the developmentally appropriate expression on peripheral T lymphocytes 
have not been identified (Vidal et. al. 1990 and Spanapoulou et. al. 1991). Expression of 
a mouse Thy-1 gene in transgenic mice demonstrated normal expression in bone marrow 
and T cell precursors but no expression in mature T cells, a pattern that resembled Thy-1 
expression in human hematopoietic cells, rather than the normal mouse Thy-1 gene 
(Kollias et. al. 1987). 

The promoters of the CD7 gene and the mouse Thy-1 gene have several similarities, 
including enhanced GC content, the presence of duplicated CACCC motifs, and the 
absence of TATA or CCAAT boxes (Schanberg et. al. 1991). There are also two areas of 
extensive nucleotide sequence homology one of which includes a potential ets 
transcription factor binding motif (Macleod et. al. 1992). Ets transcription factors are 
important in the regulation of many hematopoietic cell specific genes, including the 
immunoglobulin genes (Leiden 1993), the T cell receptor genes (Leiden 1993), and the 
lck gene (Seth et. al. 1992 and Wasylyk et. al. 1993). Ets binding sites have also been 
shown to be functional in the HTLV-1 long terminal repeats (Gitlin et. al. 1991). We 



31 

have recently cloned the mouse CD7 gene (Lee et. al. 1995) Comparison of the promoter 
regions of human CD7, mouse CD7 and mouse Thy-1 genes reveals conservation of the 
potential ets binding site motif (GGAA). Further studies are needed to identify whether 
these elements are important in the regulation of CD7 and mouse Thy-1 expression in T 
lymphocytes. 

The CD7 molecule in humans is an antigen of T cell activation (Ware et. al. 1994, 
Morishima et. al. 1982, Haynes et. al. 1981 and Carrera et. al. 1988). CD7 expression in 
splenocytes from CD7+ transgenic mice was inducible by rDL2 and PHA as shown by 
both Northern analysis and flow cytometry. These data suggested that the regulatory 
elements that convey inducibility following T cell activation are contained within the 12 
kb CD7 transgene. Since ets factors are frequently involved in growth factor signaling 
pathways that regulate gene expression (Shimizu et. al. 1992), the ets binding site is a 
strong candidate for the induction response element. 

Thus, the expression of human CD7 in transgenic mice closely follows the pattern 
of CD7 expression in humans, both in tissue distribution and hematopoietic development. 
In murine lines that expressed the CD7 transgene, regulation was appropriate, but only 
half the transgene stable lines expressed the CD7 transgene. Therefore, transgene 
expression was integration site dependent and the 12 kb fragment must not contain all of 
the genetic information needed to insure expression. The transgene may need a domain 
organizer and may be expressed only if inserted into DNA that is in a open configuration 
and permissive of transcription. Future experiments will identify the regulatory elements 
responsible for mitogenic inducibility, tissue specificity and developmental expression of 
human CD7 in transgenic mice. In addition, this work has shown that this transgenic 
model closely follows the pattern of CD7 expression in humans and thus will be a useful 
animal model in which to study post-chemotherapeutic hematopoietic reconstitution. 

B. Identification, cloning and characterization of mouse CD7 
When this work was initiated, no mouse homologue of CD7 had been described. The 
data from our transgenic mouse model strongly suggested that Thy-1 was not the 
hypothesized functional homologue of CD7. Concurrently, a mouse cDNA with 
similarity to human CD7 was published (Yoshikawa et al 1993). To establish the identity 
of this potential homologue, and to further explore the biology of CD7 in a mouse model, 
we initially mapped the chromosomal location of mouse CD7 and subsequently cloned 
and analyzed the mouse CD7 gene. 

Chromosomal Mapping of mouse CD7 
A powerful tool for establishing the homology of a gene between species has been to 
demonstrate that the gene candidates map to homologous loci in those species (Danvis 
and Goldby 1963 and Oakley et. al. 1992). To confirm the identity of the putative mouse 
CD7 cDNA, we examined the map position of mouse CD7 in a backcross system 
characterized for over 500 loci (Seidin et. al. 1988). Mouse CD7 was mapped adjacent to 
the reference loci genes Pkca and Timp-2 which had been previously localized to mouse 
Chromosome 11. Gene order, determined by minimization of chromosome crossover 
events, was: Pkca -4.3cM +/- l.9cM-Timp-2- 1.8cM+/-1.2cM-CD7. These data 
correlated with the previously characterized map position of human CD7, which maps on 
the long arm of human Chromosome 17 at band q25 confirming the identity of this gene 
as mouse CD7. We found that the chromosomal location of mouse CD7 did not map to 
any immunologically related or otherwise characterized mouse mutation. 

Cloning and analysis of the mouse CD7 gene 
Having confirmed the identity of the mouse homologue of CD7, cloning of the mouse 
CD7 gene was pursued. The goals of cloning and sequencing mouse CD7 were twofold. 
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First, the gene was cloned and sequenced so that comparative sequence analysis between 
mouse and human CD7 could be performed, searching for conserved sequence elements 
which would imply functionally important sequence motifs. Secondly, once the gene was 
obtained, it would provide a powerful tool for molecular genetic techniques such as 
deletion analysis to examine promoter function, or as part of a gene-targeting vector for 
use in making CD7 deficient mice. 

In this work, we have described the cloning and characterization of the mouse CD7 gene 
and have identified two regions of similarity in the 5' flanking regions of the mouse and 
human CD7 genes that may represent cis-acting regulatory elements. Computer analysis 
revealed the mouse CD7 gene was similar to human CD7 both in structure and size (see 
figure 19). Like human CD7, the mouse gene for CD7 consisted of four exons residing 
on approximately 3 kb of DNA. The promoter of both mouse CD7 and human CD7 were 
deficient in TATA and CCAAT motifs. The promoter for mouse CD7 was not as GC 
rich as its human counterpart with human CD7 having 66.6 % GC content over 506 b.p. 
(Schanberg et. al. 1991) and mCD7 having 52.8% GC content over 1250 b.p. 

Extending previous comparisons of the 5' flanking sequence of the mouse Thy-1 and 
human CD7 genes (Schanberg et. al. 1991) to include the mouse CD7 gene revealed 
multiple similarities. All three promoters contain neither a TATA nor a CCAAT box. 
Additionally, duplicated CACCC motifs are present in each of these promoters, as well as 
consensus sequence motifs for the ubiquitous transcription factors Spl and AP-2. Of 
note, one of the similarity regions reported earlier in mouse Thy-1 and human CD7 is 
also conserved in the 5' flanking region of the mouse CD7 gene: at bp 1111-1160 of the 
mouse gene (see Figure 17 and Figure 18). We have also identified a second region of 
similarity present in the mouse and human CD7 genes at bp 864-892 (see Figure 18C). 
Both of these regions are sites of DNA-protein interaction in vitro as shown by EMS A, 
and may be functionally important in the developmental and tissue-specific regulation of 
these T cell genes. 

The most proximal of the homology regions spans a 34 bp region that encompasses a 
CACC motif and a putative ets binding site (GGAA). The conservation of this region in 
three T cell-specific genes across species (mouse Thy-1, mCD7 and hCD7) suggests this 
region may contain elements important in conveying tissue specific gene expression. 
CACCC elements are important in the regulation of other hematopoietic genes, including 
globin genes (Lin et. al. 1992 and Baysal et. al. 1994), T cell receptor genes (Wang et. al. 
1993), and immunoglobulin genes (Xu and Stavnezer 1992). The cooperative association 
of a CACCC element with a ets -1 binding site was recently described in the parathyroid 
hormone-related protein promoter (Dittmer et. al. 1994). These two binding sites may 
work cooperatively to regulate activity of the mouse and hCD7 promoters. The putative 
ets binding site in this region matches identically an octamer (CAGGAAGC) recently 
identified as an ets binding site in the IL6 response element in the junB promoter 
(Nakajimi et. al. 1993). A similar octamer (CAGGAAGT) in the lck type I promoter has 
also been shown to bind ets related transcription factors (McCracken et. al. 1994). In the 
junB promoter, mutating the ets binding site disrupted binding of ets factors, but did not 
prevent IL6 induction. Further studies suggested that IL6 responsiveness in the junB 
promoter is conveyed by the complexing of multiple STAT family transcription factors 
with the ets binding site (Fujitani et. al. 1994). IL6, like interferons (Darnell et. al. 1994) 
and IL4 (Hou et. al. 1994), activates the tyrosine phosphorylated STAT factors resulting 
in the translocation of the proteins from the cytoplasm to the nucleus where IL6 
responsive genes are activated (Darnell et. al. 1994). IL6 is known to be involved with T 
cell activation, growth and differentiation (Van Snick 1990) and could exert some of 
these affects through the regulation of CD7. While it is not known whether CD7 is an 
EL6 responsive gene, it may be that STAT factors, activated by IL6 or another cytokine, 
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are important in the regulation of the CD7 gene. However, the possibility that a single 
region could bind both ets and ST AT transcription factors permits a convergence of 
several distinct signal transduction pathways to control a single gene. Further studies to 
delineate the factors that bind to this similarity region in the CD7 mouse and human 
genes are ongoing. 

The further upstream similarity region, shared between mouse and human CD7, 
complexed with extract from the two human cell lines tested, but not the mouse cell line. 
This may suggest that binding of mouse factors requires additional sequence not included 
within the region of the probe or that there are different factors with different DNA 
recognition sites in the human and mouse environment. This region falls at -347 in 
human CD7 which corresponds to an area that appears to contain a repressor by transient 
transfection studies performed in Jurkat cells (Schanberg, LE unpublished observation). 
Additional studies are needed to characterize the factors that bind to this region. 

Consistent with CD7 being a lymphoid specific gene, numerous lymphohematopoeitic 
transcription factor consensus sites were identified in the 5' region of mouse CD7 (Figure 
5A). Of note, there were a large number of TCF-1 recognition motifs. TCF-1, a member 
of the High Mobility Group (HMG) protein family, is a T cell specific transcription 
factor known to be important in the tissue-specific activation of the T cell receptor a gene 
(Waterman et. al. 1991 and Oosterwagel et. al. 1991), lck gene (Waterman et. al. 1991), 
and the CD3e gene (Oosterwagel et. al. 1991, Waterman and Jones 1990 and van der 
Wetering et. al. 1991). Interestingly, the activity of the TCF-1 binding site in the T cell 
receptor a chain has been shown to be dependent on neighboring elements (Waterman 
and Jones 1990), one of which binds ets-1 (Ho et. al. 1990). Several potential binding 
sites for ets family proteins were identified in the promoter of mCD7, one in close 
proximity to a TCF-1 consensus site. Ets factors are expressed in T- and B- cell lineages 
and have been implicated as a component of the signal transduction network in these cells 
(Seth et. al. 1992 and Wasylyk et. al. 1993). 

Thus, the mCD7 promoter, like the hCD7 promoter, contains the motifs for both 
ubiquitous and tissue-specific transcription factors. These transcription factors likely 
work in concert to control both tissue-specific and developmental regulation of this gene. 
While identification of consensus sequence motifs for DNA binding factors has been 
demonstrated a powerful technique for targeting sequence regions for further 
investigation, it must be remembered that this method of analysis by itself is only 
suggestive of functional sequence motifs. Further analysis of the promoters of hCD7 and 
mCD7, using functional assays such as EMSA and deletional expression analysis will be 
important for understanding lymphoid tissue specificity in these genes and may lead to 
insights in the molecular mechanisms of T cell lineage determination and T cell 
maturation. 

In addition, this work has provided the tools for construction of CD7 deficient mice, 
whose analysis will provide further insight into the role of CD7 in T-cell lineage 
determination and maturation. Herein, we describe construction and initial 
characterization of CD7 deficient mice. In short, these mice are healthy and viable, 
without obvious immunodeficiency, with healthy CD7 deficient offspring surviving to 
over a year of age. Lymphoid development was not substantially altered in these mice, 
which exhibit no perturbations in lymphoid subsets in bone marrow, spleen or peripheral 
blood. Normal serum immunoglobulin levels as well as typical immunoglobulin 
responses to specific antigen demonstrate no obvious defect in T-cell dependent humoral 
responses. 
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CD7 deficient mice did demonstrate some intriguing differences compared with control 
mice. In particular, the presence of an expanded CD4+CD8+ thymocyte population in 
CD7 deficient mice suggests a role for CD7 in thymopoiesis. This is particularily 
interesting since in humans, CD7 is one of the earliest differentiation markers expressed 
on the most immature thymocyte populations. Whether this increase in thymocyte 
numbers is due to a partial defect in thymocyte apoptosis, or a hyperproliferative state of 
selecting thymocytes or to a subtle defect in the process of thymocyte selection (either 
positive or negative) is not clear at present. Regardless of the exact nature of the thymic 
defect, the overall process of selection remains intact evidenced by the lack of lymphoid 
subset perturbation in the periphery (spleen, peripheral blood) of CD7 deficient mice. 
The exact nature of the thymic defect is currently being tested in a series of T-cell 
receptor transgenic crosses with CD7 deficient mice. 

Finally, using the mCD7 sequence to generate recombinant mCD7, this work will 
continue the development of antibodies reactive to mCD7 which will allow further 
characterization of CD7+ cells in mice. This reagent will also allow purification of 
CD7+ bone marrow progenitors for hematopoietic reconstitution studies. 

Future Directions 
While the human CD7 transgenic mice have provided valuable insight into the biology of 
CD7 on hematopoietic precursors in an animal model, the confirmation of the identity of 
the mouse CD7 homolog provides a compelling new course of action for further 
investigation of both the role of CD7 in hematopoiesis, and characterization of the 
hematopoietic progenitors which express CD7 in mice. Toward this end, we initiated two 
new approaches for further study of CD7 in mice (see revised SOW). The first is to 
develop antibody reagents to study the expression pattern of CD7 in mice. In particular, 
we will continue to focus on T-lineage cells in the periphery and on hematopoietic 
progenitors in the bone marrow. This is a particularily attractive direction because of the 
large number of antibody reagents currently available which will allow precise 
delineation of bone marrow progenitors expressing CD7. Given the vast amount of work 
previously done in mice as an animal model for human hematopoiesis, the data gathered 
in this project will be readily interpretable for human applications. 

The second approach we have undertaken to define the role of CD7 in mouse 
hematopoiesis has been to construct a CD7 deficient mouse line using targeted 
homologous recombination. These mice have been made using the mouse CD7 gene 
(whose cloning and characterization is descibed above) subcloned into a targeted 
homologous recombination vector (pPNT, kind gift of R.C. Mulligan). Examination of 
CD7 deficient mice will afford further insight into the role of CD7 during hematopoiesis. 
These mice will also clarify the importance of the CD7+ population of progenitors 
present in bone marrow during hematopoietic reconstitution. By defining the 
differentiative potential of possible hematopoietic progenitors lacking CD7, the 
importance of including this marker in bone marrow reconstituting populations will be 
defined. 
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Appendix 

Figure 1 CD7 Transgene Map and Tissue Distribution of Transgene Expression. 
Panel A shows the restriction map of the human genomic DNA fragment used to 
construct CD7 transgenic mice. Bold arrows represent previously identified DNase 
I hypersensitivity sites. Darkened boxes correspond to CD7 exons. Panel B shows 
the tissue distribution of human CD7 mRNA expression in CD7 transgenic mouse 
line 216 as assessed by Northern Blot analysis. The upper panel is a representative 
Northern blot radiograph. The lower panel is an acridine orange stain of the 
agarose gel used in the Northern blot to control for RNA loading. Data are 
representative of three animals studied. Ribosomal bands and apparent migration 
size of the RNA species are as labeled. Tissues used in Northern screen: 
C=cecum, B=brain, H=heart, K=kidney, L=liver, S=spleen, T=thymus and 
J=human Jurkat T cell line positive control. Restriction enzyme sites labeled in 
panel A: E=Eco-Rl, H=HindIII,B=Bam-Hl, X=Xba-l, S=Sal-l. 
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Figure 2 Comparison of CD7 Transgene and Thy-1 Expression in CD7 
Transgenic Mouse Postnatal Thymus. CD7 transgene and mouse Thy-1 
expression were compared in 216 and 555 line CD7 transgenic mouse thymus in 
direct IF assays on 4mm frozen, acetone fixed tissue sections. Panels A and C 
show CD7 transgene expression using CD7 MAb Leu9-FITC at the thymic 
cortical/medullary junction in transgenic lines 216 and 555 respectively. Panels 
B and D show Thy-1 transgene expression at the cortical/medullary junction in 
transgenic lines 216 and 555 respectively. Data are representative of two animals 
studied. 
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Figure 3 Comparison of CD7 Transgene and Mouse Thy-1 Expression in CD7 
Transgenic Mouse Spleen. CD7 transgene and Thy-1 expression were compared 
on adult spleen in direct IF assay on frozen acetone fixed tissue sections from 
CD7 transgene lines 216 and 555. Panels A and C show mouse Thy-1 expression 
in transgenic lines 216 and 555, respectively.   Panels B and D show CD7 
transgene expression in a peri-arteriolar T-cell splenic region (Thy-1+ region) in 
transgenic lines 216 and 555 respectively. Data are representative of two animals 
studied. 
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Figure 4 Expression of CD7 Transgene in Transgenic Mouse Thymocyte 
Subpopulations. Three color flow cytometric analysis of thymocyte co-expression 
of mouse CD4, CD8 and human CD7 is shown. Panel A shows a representative 
dot plot of co-expression of CD4 and CD8. Gates of thymocyte subpopulations 
were selected as shown and used to examine CD7 transgene expression on these 
populations. Panels B-F show CD7 transgene expression on thymocyte subsets of 
216, 555 and non-transgenic mice. Gates chosen for B-F are B) all thymocytes, C) 
CD4+CD8+ double positive thymocytes, D) CD4-CD8" double negative 
thymocytes, E) CD8+CD4" single positive thymocytes, and F) CD4+CD8" single 
positive thymocytes. Mean fluorescence values for each population are shown in 
figure 5. Data are representative of six animals studied. 
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Figure 5 Comparison of CD7 Expression on Thymocyte Subpopulations of Line 
216 Transgenic and Control Mice with CD7 Expression on Human Thymocyte 
Subpopulations. Thymocyte subpopulations were defined by expression of CD4 
and CD8 (mouse or human as appropriate) and gates defining these populations 
were selected using three color flow cytometry. Levels of CD7 expression on 
these thymocyte subpopulations were assessed in human, transgenic and control 
mouse thymocytes. Note that flow cytometry analysis on human and mouse 
thymocytes were performed on separate days and thus direct comparison between 
human and mouse thymocytes was not possible. Panel A shows results for mouse 
thymocytes and Panel B shows results for human thymocytes. Data are 
representative of six animals studied. 
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Figure 6 Comparison of CD7 Transgene and Mouse Thy-1 Expression on CD7 
Transgenic Mouse Adult Brain. Adult mouse brain tissue was analyzed in direct 
immunofluorescence assay for CD7 transgene and mouse Thy-1 expression on 
sequential tissue sections. Panel A demonstrates bright Thy-1 staining of mouse 
brain, while Panel B shows absence of CD7 expression on a sequential section of 
the same tissue. The large arrow points to an extravasating leukocyte present in 
both serial sections (one animal studied). M= meningeal tissue, C=cortical tissue. 
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Figure  6 
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Figure 7 CD7 Transgene Expression on Leukocyte Subsets. Freshly isolated 
leukocytes were assayed for co-expression of the CD7 transgene and mouse 
hematopoietic lineage specific markers. Panels A-D show CD7 transgene 
expression on both 216 and 555 lineage Ly-5+ splenic B cells, Thy-1+ splenic T 
cells, NK1.1+ splenic NK cells and F4/80+ peritoneal macrophages respectively 
(two animals studied). Analysis of these populations was performed in the same 
experiment, allowing direct comparison of CD7 transgene expression levels in 
these populations. 
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Figure 8 CD7 Transgene Expression on Mouse Bone Marrow Cells. Freshly 
isolated bone marrow cells were analyzed for CD7 transgene and mouse Sca-1 
co-expression using two color flow cytometry. Panels A-C show representative 
populations found in 216+(A), 555+(B) and non-transgenic mice (C). Panel D 
shows single color analysis of CD7 transgene expression in bone marrow from 
216+, 555+ and non-transgenic mice (two animals studied). 
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Figure 9 Analysis of CD7 Subsets In Transgenic Bone Marrow. Panels A-C 
show the results of flow cytometric sorting of transgenic line 216 bone marrow, 
gating on CD7 bright (Panel A), dim (Panel B) and negative (Panel C) bone 
marrow populations (R3, R2 and Rl respectively, Figure 8). After sorting, these 
populations underwent cytoprep preparation followed by Wright-Giemsa 
staining. CD7ni+ cells (R3 group) were 35% lymphoid precursors, 12% 
metamyelocytes, 42% myelocytes, 3% promyelocytes, 12% myeloblasts, 5% 
plasma cells, rare megakaryocytes and histiocytes. The CD7l°+ cells (R2 group) 
were 58% myeloid lineage and 39% erythroid precursors. The CD7" cells (Rl 
group) were 98% erythrocytes, 1% myeloid progenitors, and 1% erythroid 
progenitors (two animals studied). 
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Figure 10 Induction of CD7 Transgene in Splenocytes and Thymocytes in CD7 
Transgenic Mice. Freshly isolated splenocytes and thymocytes from CD7 transgenic and 
control mice were cultured for 24 hours in the presence of PHA and IL-2. CD7 transgene 
cell surface expression was assessed pre- and post- culture by flow cytometry on the 
same day, allowing direct comparison of expression levels of the CD7 transgene. Panel 
A shows induction of CD7 expression on splenocytes. Panel B demonstrates induction of 
expression on thymocytes. Panel C shows induction of CD7 mRNA in activated versus 
fresh splenocytes and thymocytes from line 216 as assessed by Northern Blot analysis. 
The upper panel is a representative Northern blot radiograph. The lower panel is an 
acridine orange stain of the agarose gel used in the Northern blot to control for RNA 
loading. Ribosomal bands and apparent migration size of the RNA species are as labeled. 
Tissues used in Northern screen:   S=splenocytes, T=thymocytes, IS=induced splenocytes 
and IT=induced thymocytes. mice, indirect IF assays were performed on tissue obtained 
from mouse fetal yolk sac and liver. Numerous CD7+ cells with high level CD7 
expression were seen at gestational day 13 in both yolk sac and liver (Figure 11). While 
numerous CD7+ cells were present in fetal liver, few Thy-1+ cells were present, 
demonstrating a difference between CD7 transgene and mouse Thy-1 expression. 
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Figure 11 CD7 Transgene Expression In Utero. CD7 transgene expression was 
assayed at varying stages of in utero development by direct immunofluorescence 
assay. In panels A-C, expression of CD7 transgene in day 15 bone marrow was 
compared with expression of mouse Thy-1. Panel A shows an H & E stain of the 
bone marrow sectioned for this study. Panel B shows staining of the same region 
for CD7 transgene expression. Panel C shows staining of a similar region for 
mouse Thy-1 expression. Arrows point to positive cells. Panels D and E show 
expression of the CD7 transgene in gestational day 13 yolk sac. The fetus is 
transgenic as is the mother. Panel D shows an H & E stain of a yolk sac section. 
Panel E shows staining of the same region for CD7 transgene expression. Arrows 
point to representative positive cells. In panels F and G, expression of the CD7 
transgene in gestational day 15 liver was compared to expression of mouse Thy-1. 
Panel F shows the results of staining day 15 fetal liver for CD7 transgene 
expression with arrows pointing out positive cells. Panel G shows the results of 
staining the same regions for Thy-1 expression, however, only non-specific 
staining was observed; arrows point to non-specifically stained cells. In panels H 
and I, CD7 transgene and mouse Thy-1 expression was assessed in day 15 fetal 
transgenic thymus. Panel H shows the pattern of CD7 transgene expression, while 
panel I demonstrates the Thy-1 pattern. C=thymic cortex, M=thymic medulla. 
The dotted line demarcates the thymic cortical/medullary junction. Data are 
representative of two animals studied. 



65 

Figure  11 



Figure 12 Determination of an Informative Restriction Fragment Length Variant 
(RFLV) for Chromosomal Mapping. Shown are the results of a Southern blot of 
DNA from C3H/HeJ-g/d and (C3H/HeJ-g/d x Mus spretus)¥l parental mice 
digested with various restriction endonucleases and probed with a mouse CD7 
cDNA probe. The informative RFLV, present in the Taq restricted DNA is 
labeled with arrows and apparent base pair length.   Taq, Bam-Hl and Msp-1 
restriction endonucleases and the donor DNA genotypes are as labeled. 
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Figure 13 Chromosomal Map Position of Mouse Cd7. Shown is the segregation 
pattern of Pkca, Timp-2 and Cd7 on mouse chromosome 11 in 114 (C3H/HeJ-g/<i 
X M. Spretus)V\ X C3WHeJ-gld interspecific backcross mice. Results represent 
the RFLV patterns obtained by Southern blot of 122 (C3H/HeJ-g/d X M. 
Spretus)¥\ X C3H/HeJ-g/d interspecific backcross mice with mouse CD7 cDNA 
probe. Closed boxes represent the homozygous C3H pattern; open boxes 
represent the Fi pattern. 
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Figure 14 Structure and Restriction Map of Mouse (m) CD7. Shown is a scaled 
model of the mCD7 gene structure. Panel A shows the two lambda clones of 
mCD7, 13-2 containing the entire sequence and 21-1 containing partial sequence. 
Panel B shows the relative sizes of mCD7 introns and exons as well as restriction 
site locations as labeled.   H3=HindIII restriction endonuclease. 
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Figure 15 Mouse CD7 Sequence. The sequence of the gene and flanking regions 
of mCD7 are shown. Intronic and flanking sequences are shown in small case 
while exonic sequence is depicted in bold capitals. Donor splice and acceptor 
sites for RNA processing are underlined, as is the mRNA polyadenylation signal. 
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Figure 16 Determination of Regions of Similarity Between Mouse CD7 and 
Human CD7. Regions of similarity between the human and mouse CD7 genes 
were determined using the COMPARE program from the Wisconsin Package 
software. Similarities between 30 base pair fragments was analyzed using a 
minimum stringency of 20 to score on the dot plot shown. Scaled graphic 
representations of human and mouse CD7 are presented on the dot plot axes for 
reference. 
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Figure 17 Determination of Regions of Similarity Between Promoter Regions of 
Mouse CD7 and Human CD7. Regions of similarity between the human and 
mouse CD7 promoter regions were determined using the COMPARE program 
from the Wisconsin Package software. Similarities between 21 base pair 
fragments was analyzed using a minimum stringency of 14 to score on the dot 
plot shown. Significant regions of homology are denoted with arrows and are 
aligned in Figure 18. Note, numbers on the axes do not correlate with base pair 
designations in the reported genes and are only relative positions, with exact 
positions diagrammed in Figure 18. 
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Figure 18 Promoter Analysis of Mouse CD7. Panel A shows the 5' flanking 
sequence of mCD7 labeled with selected transcription factor recognition motifs 
as identified with the Signal Scan program. This sequence was analyzed for 
mammalian transcription factors only. Published cDNA sequence begin at b.p. 
1230 (bold letters). Panel B shows the downstream most of two identified 
homology regions present in the promoters of mCD7, hCD7, and mouse Thy-1. 
Panel C shows the more distal 5' region of homology in the mCD7 and hCD7 
gene promoters. Identical sequences are identified with vertical lines. 
Corresponding base pair sequence locations from the published sequences are 
identified at the left of the sequences. The regions of similarity in Panels B and C 
were identified using the COMPARE algorithm shown in Figure 5.6. 
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Figure 19 Structural Comparison of Mouse CD7 with Human CD7 and Mouse 
Thy-1. Scaled models compare the organization of mCD7, hCD7 and mThy-1 
gene intron and exon structures. Note that all three genes are composed of four 
exons separated by short intronic sequences, residing on relatively short spans of 
DNA. Note the large degree of similarity between mouse and human CD7, with 
only a small difference in the size of intron 1 apparent. 
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Figure 20 Electrophoretic Mobility Shift Assays Electrophoretic mobility shift 
assays show binding of nuclear proteins from hematopoietic cell extracts to 
regions of sequence conservation between mouse and human CD7 promoters. 
The indicated nuclear extracts were assayed for the ability to form specific 
complexes with oligonucleotide probes using the human and mouse sequences for 
both homology regions as labeled. Unlabeled competitor oligos used to 
demonstrate specific binding to labeled probe were as labeled, the presence of the 
competitor denoted with a (+) sign. Each panel represents a different labeled 
probe used for EMSA, as labeled. Panel A=human CD7 3' probe, Panel 
B=mouse CD7 3' probe, Panel C=human CD7 5' probe and Panel D=mouse CD7 
5' probe. Arrows demonstrate complexes of interest as referred to in the text. 
Extracts used were: human cell lines K562-a chronic myelogenous leukemia 
line, Jurkat-an acute T cell leukemia line and EL-4-a mouse lymphoma line. 
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Figure 20 C 
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Figure 23: Western blot of mouse CD7 in splenocyte. thymocyte and recombinant mCD7 
extracts. Shown is a western blot of C57BL/6 mouse thymocyte and splenocyte extracts 
and mouse CD7 recombinant protein probed with mAbs raised against recombinant 
mouse CD7. Briefly, 5 X 10^ C57BL/6 mouse thymocytes and splenocytes lysed in 1% 
NP-40 containing buffer or 1 microgram of recombinant mouse CD7 were loaded in 
reducing sample buffer and electrophoresed on an 8% Laemelli SDS-PAGE and 
transferred to nitrocellulose. After pre-hybridization blocking with 10% dried milk 
containing buffer, these western filters were probed with culture supernatants of either 
Y3 (control) or 8F8, 9E7 or 35C8 anti-recombinant mouse CD7 rat hybridoma clones, 
washed and exposed to horseradish-peroxidase containing anti-rat secondary reagent. 
After exposure to chemiluminescence reagent, filters were exposed to film for 5 minutes. 
Figure legends: 8F8, 9E7 and 35C8=anti-mouse CD7 rat hybridoma lines, Y3=negative 
control rat hybridoma line, T=thymocyte extract, S=splenocyte extract, 
mCD7ec=bacterially expressed recombinant mouse CD7. Apparent molecular weights 
are as labeled. Arrows point to major reactive bands in splenocytes and thymocytes. 
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