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Reconstitution of SCID mice with haemopoietic precursors: a detailed analysis of yb
T-cell reconstitution
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SUMMARY

A well-known characteristic of y6 T cells is that they are produced in waves during ontogeny,
with cells expressing T-cell receptor Vy5 appearing early in fetal thymic ontogeny, followed by
Vy6, then by other yb T-cell types. In addition, evidence exists to suggest that the potential of
haemopoietic precursors to generate different types of y6 T cells changes in ontogeny. We have
used these observations as the basis for an extensive study of the potential for haemopoietic
precursors isolated from fetal liver, neonatal spleen and adult bone marrow to reconstitute severe

combined immunodeficient (SCID) mice. Mice that were reconstituted as newborns with fetal
liver cells most closely resembled normal C.B-17 mice with respect to both lymphocyte numbers
and subsets, while mice reconstituted with adult bone marrow had fewer cells than normal mice.
This deficit spanned both T and B cells in all organs examined. Among the y6 T-cell subsets
examined, the ability to reconstitute Vy4' cells was particularly dependent on the ontogenic age

of the reconstituting presursors, with fetal liver cells having the greatest capacity to generate Vy4+
cells, and adult bone marrow cells the least. The vast majority of the T cells produced in the
reconstituted mice were of donor origin, and the level of reconstitution was found to be dependent
upon some factor other than the presursor frequency.

INTRODUCTION

T cells expressing the y5 form of the T-cell receptor (TCR) are
the first to appear in ontogeny.' These cells express a receptor
comprised of Vy5 and V31 gene products,2-5 and become,
almost exclusively, the dendritic epidermal cells of the skin.69
These TCR Vy5V6l+ cells are produced exclusively during
fetal life, requiring both a fetal thymic microenvironment and
a fetal source of precursor cells to develop.'0 T cells expressing
TCR Vy6 appear in the thymus later in pre-natal life," and
like Vy5+ cells, they are rare or undetectable in the adult
thymus.2 They have however, been isolated from the adult
liver,12 tongue and female reproductive tract.13 Other yb types
can be detected around the time of birth. Their distribution is
much broader than those cells produced early in ontogeny,
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and little is known about the microenvironmental and precur-
sor requirements for the production of these cells. A hint that
some Vyl + cells isolated from adult liver may be derived from
a prenatal source came from the recent work of Ellis-Roark
et aL'2 who found that the VDJ junctional sequences of a
significant proportion of hybridomas derived from adult liver
had short N regions - a characteristic of fetally derived cells.

Severe combined immunodeficient (SCID) mice provide a
good model in which to study the production of T cells as
they are devoid of endogenous T cells. Despite the absence of
lymphocytes, adult SCID mice require irradiation before sig-
nificant reconstitution can occur.'4 As irradiation may alter/
damage thymic stromal elements, and neonatal mice can be
reconstituted with fetal liver or adult bone marrow without
the necessity of irradiation,'15"6 we chose newborn mice as
recipients. Reconstitution was assessed by flow cytometric
analysis at 8 weeks of age. At this age mice should have
achieved maximal reconstitution while still being sufficiently
young not to be complicated by a 'leaky' phenotype in which
small numbers of SCID-derived T and B cells can be detected.'7
Using this system we were able to show that reconstitution of
lymphocyte subsets, including yb T-cell subsets, was dependent
upon the source of progenitor cells.

MATERIALS AND METHODS
Mice
C.B-17/IcrTac-SCIDfDF mice were bred and maintained in
our animal facility in a flexible film isolator (Harlan Isotec,
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Bicester, Oxon, UK) maintained under positive pressure.
C.B-17/lcrTacfDF mice were bred and maintained in a separ-
ate positive pressure flexible film isolator. The original breeding
pairs for both strains were purchased from Taconic
(Germantown, NY 12 526). B6.PL.Thy-1 (a)Cy mice were bred
from pairs kindly provided by Dr U. Staerz (National Jewish
Centre for Immunology and Respiratory Medicine, Denver,
CO).

Reconstitution ofSCID mice
Neonatal C.B-17 SCID/ SCID mice were reconstituted within
the first 4 days of birth by intraperitoneal (i.p.) injection of
107 fetal liver cells, 106 neonatal spleen cells, or 106 adult bone
marrow cells. Fetal liver cells were obtained from C.B-17 ICR
mice at day 12-14 of gestation where day 0 was taken as the
day of detection of the vaginal plug. A cell suspension was
prepared by teasing the cells through a nylon mesh into
balanced salt solution containing 5% fetal calf serum
(BSS/FCS). Neonatal splenocytes were obtained from mice
less than 24 hr old, and a cell suspension was prepared as for
fetal liver. In addition, red blood cells were removed by NH4Cl
treatment18 followed by removal of dead cells.'9 Adult
bone marrow cells were obtained by flushing the femurs of
8-12-week-old mice with BSS/FCS, and preparing a suspen-
sion as per neonatal spleen.

Cell suspensions and cell counts
Thymus, lymph node, spleen and liver cell suspensions were
prepared by teasing cells through a wire mesh into BSS/FCS.
Cells were washed through FCS. In addition, splenocytes were
depleted of red blood cells and dead cells as above. Red blood
cells were also removed from liver cell suspensions and
dead cells and debris was removed by centrifugation over
1-091 g/cm3 metrizamide as previously described.20 Intestinal
intraepithelial lymphocytes (i-TEL) were prepared using a
modified version of the method described by Schrader et al."2
Briefly, small intestines were flushed of their contents, cut into
1-cm lengths (at which time the Peyer's patches were removed
and discarded), then slit lengthwise. The pieces were further
washed by gentle pipetting with medium. The epithelium was
gently scraped off then vigorously pipetted to dissociate
clumps. The resultant suspension was allowed to settle over
500/0 FCS for 30 min to allow separation of large epithelial
clumps. Smaller epithelial clumps were removed by passage
through a- dead-cell removal column 9 or a nylon mesh. The
majority of the remaining epithelial cells were removed by
centrifugation over 1 091 g/cm3 metrizamide. Preparation of
i-TEL was performed in tissue culture medium containing 5%
FCS and 0-1 M dithiothreitol.

Flow cytometric analysis of y6 subsets in thymus, lymph
nodes and spleen was performed on cells enriched for yb cells
by complement-mediated depletion of CD4+ and CD8+ cells
using the monoclonal antibodies (mAb) 172.4 (anti-CD422)
and D9 (anti-CD823) as previously described.20 In addition,
CD4/CD8-depleted lymph node and spleen cells were depleted
of B cells using sheep anti-mouse immunoglobulin-coated
immunomagnetic beads ( 180 p1 of sixfold concentrated beads
per 107 cells) (Amerlex Mg, Amersham, UK).

Viable nucleated cells were enumerated using a haemocyto-
meter and the vital dye eosin (BDH, Poole, UK).

Flow cytometric analysis
Cells were stained for flow cytometric analysis in 96-well
U-bottom tissue culture trays (Costar, Cambridge, MA) at 40
in BSS/FCS. The exact staining protocols used are indicated
in the figure legends. The following mAb were used: anti-CD4
(GK1.524), anti-CD8, (53.6.725), anti-CD3 (KT326), anti-
TCR y5 (GL327), anti-TCR Vy4 (UC3-10A628), anti-TCR
Vy5 (F5369), anti-TCR Vy7 (GL127), anti-TCR V64 (GL227),
anti-TCR V66 (17C29), anti-Thy-1.2 (30H1225) and anti-
Thy-i.1 (19E123°). The latter two reagents were kindly pro-
vided by Dr S. Candais. Anti-CD4 and anti-CD8 reagents
were purchased from Becton Dickinson (San Jose, CA), and
the remainder of the reagents were grown, purified and conju-
gated in this laboratory. Phycoerythrin-avidin (PEAV) (Caltag
Laboratories, South San Francisco, CA) or phycoerythrin-
Texas Red-avidin (Southern Biotechnology Associates, Inc.,
Birmingham, AL) were used as secondary reagents for biotinyl-
ated antibodies. Cells were analysed on a flow cytometer
(FACScan; Becton Dickinson, Mountain View, CA). Lysis TIO
software was used for both collection and analysis of the data.
Viable nucleated cells were gated on the basis of low-angle light
scatter and propidium iodide staining. These parameters and
right-angle light scatter also allowed exclusion of remaining
epithelial cells in i-IEL preparations.

RESULTS

Reconstitution ofT cells in SCID mice by haemopoietic
precursors isolated from fetal liver, neonatal spleen and adult
bone marrow

We compared three different sources of haemopoietic precur-
sors for their ability to reconstitute SCID mice when injected
i.p. within the first 4 days of life. The results in Table 1 show
that a gradation of reconstitution was observed with fetal liver
cells giving closest to normal lymphoid reconstitution followed
by neonatal spleen, and while bone marrow gave the poorest
reconstitution, reconstitution still occurred to a significant
degree. Interestingly in some situations, y5 T cells appeared to
be reconstituted less well than af cells. This was particularly
evident in mice reconstituted with adult bone marrow, and in
the liver irrespective of the precursor source, where not only
fewer than normal y5 cells were recovered, but also the pro-
portion of T cells expressing the y6 receptor was decreased.
The number of i-IEL recovered from reconstituted mice varied
considerably between individuals (as it did between normal
C.B-17 individuals) but was within the normal range. If many
i-TEL are indeed extrathymically derived as proposed by a
number of groups,31-34 it is clear from our results that fetal
liver, neonatal spleen and adult bone marrow all contain the
requisite precursor cells for the production of a near normal
i-TEL phenotype.

It is possible that the number of haemopoietic stem cells
present in the three different inocula may be different, account-
ing for the difference in the reconstituting capacity of fetal
liver and adult bone marrow cells. To address this possibility,
we injected neonatal SCID mice with 107 adult bone marrow
cells instead of the usual dose of 106 The increase in precursor
number only resulted in a maximum twofold increase in the
number of cells produced (Table 1). These data show that
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Table 1. Numbers of cells recovered from thymus, lymph nodes, spleen, liver and i-IEL of normal C.B-17 mice and C.B-17 SCID mice
reconstituted neonatally with 107 fetal liver cells, 106 neonatal spleen cells and 106/107 adult bone marrow cells. The total number of cells was
determined using a haemocytometer and eosin, while the proportion of CD3 + and y6 + cells was determined by flow cytometric analysis of cells
stained with anti-CD3-FITC+anti-y5-biotin, followed by PEAV. Results are derived from five to seven individual mice per reconstitution

regime

Reconstitution regime Organ Total cells (x 10-7) CD3+ cells (x 10-6) y65 cells (x 10-4)

Normal thymus 11+4 17+6 19+5
Fetal liver 17+3 36+8 31+11
Neonatal spleen 17+5 29+7 24+12
Adult bone marrow (106) 6+2 18+4 8+4
Adult bone marrow (107) 13+3 24+4 23+13

Normal lymph node 2-9_+07 20+6 9-6+2-3
Fetal liver 2-8+0 7 22+6 10+2-3
Neonatal spleen 2-0+0-6 14+5 6-7+3-1
Adult bone marrow (106) 1-0+0 3 8+2 4-7+ 19
Adult bone marrow (107) 2-0+0 5 15+4 8-2_2-7

Normal spleen 5-3+0-8 20+4 13+3
Fetal liver 3-7 +0 8 16+4 15+4
Neonatal spleen 2-8+0-8 13+4 75_+2-7
Adult bone marrow (106) 1-2+0 3 7+2 3-7+1-4
Adult bone marrow (107) 2-4+1-0 12+4 8-7+2-9

(x 10-5)
Normal liver 7-9+3-1 0 30+0-08 2-4+0 7
Fetal liver 8-6+2 9 0 33+0-10 1 5+0 7
Neonatal spleen 3-6+1-7 0-18+0-11 0-6+04
Adult bone marrow (106) 5 1 1-4 0-22+0-08 0-7+0 3
Adult bone marrow (107) 3 2+0_7 0-15+0 40 0 5 +0-2

Normal i-IEL 15+6 11+5 38 +22
Fetal liver 14+11 10+8 39+35
Neonatal spleen 11+5 8 + 3 25 +14
Adult bone marrow (106) 20+5 22+18 29+11
Adult bone marrow (107) 16+5 10+5 49+24

precursors derived from different sources are inherently differ-
ent in their capacity to generate T cells.

B-cell reconstitution

While the main focus of this study is reconstitution of the
T-cell compartment, SCID mice are also inherently deficient
in B cells,35 and based on published observations,15'16 one
would predict that B cells should also be reconstituted in our
system. Although Cowing and Gilmore'6 reported full B-cell
reconstitution in mice that had received adult bone marrow
neonatally, we found significantly lower than normal numbers
of B cells in both lymph nodes and spleen (Table 2). All
reconstituted mice were demonstrated by enzyme-linked immu-
nosorbent assay (ELISA) to have high levels of serum 1gM
and IgG (data not shown). As with T-cell reconstitution, fetal
liver cells gave the best B-cell reconstitution and adult bone
marrow the worst. The number of B cells recovered from fetal
liver recipients was 50% of normal while mice receiving adult
bone marrow had 20-fold lower numbers of B cells than
normal C.B-17 mice (Table 2). Furthermore, in a similar trend
as for T cells, a 10-fold increase in the number of bone marrow
cells injected, only resulted in a fourfold increase in the number
of B cells recovered (Table 2). B cells were reconstituted less

Table 2. Number of B cells recovered from normal C.B-17 mice and
from SCID mice reconstituted with 107 fetal liver cells, 106 neonatal
spleen cells and 106/107 adult bone marrow cells. The total number of
cells was determined using a haemocytometer and eosin, and the
proportion of B cells indicated by flow cytometric analysis of cells
stained with anti-immunoglobulin-FITC. Results are derived from five

to seven individual mice per reconstitution regime

Reconstitution Lymph node Spleen
regime (x 10-6) (x 10-6)

Normal 5-6+1-6 22+ 3
Fetalliver 31+0-8 11+2
Neonatal spleen 2-1+1 1 8+4
Adult bone marrow (106) 0 3 +0 3 1+0 4
Adult bone marrow (107) 1-6+0 5 4+2

well than T cells although the same heirarchy of precursor
potential for both subsets was observed.

The vast majority of reconstituted T cells are of donor origin

A number of groups have reported that the presence of mature
T cells in SCID mice promotes a degree of recipient T- and
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B-cell differentiation.36-39 It was therefore important to deter-
mine whether the mature lymphocytes recovered from reconsti-
tuted mice were of donor or host origin. We therefore
reconstituted neonatal C.B-17 SCID mice (Thy-1.2) with
neonatal spleen cells from B6.PL.Thy-l (a)Cy (Thy-i.1) mice.
At 8 weeks of age mice reconstituted under these conditions
very closely resembled mice reconstituted with C.B-17 neonatal
spleen cells in terms of the number and type of cells recovered
(data not shown). The data in Fig. 1 show Thy-l. I and Thy- 1.2
staining on thymus, lymph nodes, spleen, liver and i-TEL.
Clearly, in all these organs, the majority of the cells were of
the donor Thy-1.1 phenotype while very few Thy-1.2+ cells
were detected in any organ. A few Thy-1.2+ cells were observed
in the thymus. Further investigation showed the Thy-1.2+ cells
were CD3, and only 15% were CD4+CD8 + (data not shown).
Significant numbers of Thy-1.2+ cells were sometimes also
detected in the liver. These cells were also found to be CD3
(data not shown). Clearly the majority of mature T cells
generated upon reconstitution of our SCID mice are of
donor origin.

CD4/CD8 subsets in reconstituted mice

T cells can be divided into two major subsets based on the
expression of CD4 and CD8. Bosma et al. 5 and Cowing &
Gilmore"6 demonstrated good T-cell reconstitution of SCID
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mice following neonatal transfer of fetal liver or adult bone
marrow cells. In addition, Hilbert et al.40 showed normal
CD4/CD8 thymocyte subsets in SCID mice reconstituted with
bone marrow. The data in Fig. 2 show CD4 and CD8
expression in the thymus, lymph nodes and spleen of mice
reconstituted with the three different types of precursors
compared to normal C.B-17 mice. It is clear that CD4+CD8',
CD4+CD8- and CD4-CD8+ subsets are present in normal
proportions in all reconstituted mice. The variation in the
proportion of CD4-CD8- cells in lymph nodes and spleen
results from the differential reconstitution the B-cell
compartment (see Table 2).

Differential reconstitution of y6 T-cell subsets

We showed in Table 1 that total y6 cells were not reconstituted
to normal numbers in many instances. In light of the obser-
vation that different subsets of y6 cells are produced at different
stages in ontogeny,1-9 and precursor potential varies with the
origin of the presursor,10 it was possible that the deficit in yb
cell numbers may be due to a deficit in a particular subset(s).
We investigated the subsets of y6 cells present in reconstituted
mice with the available mAb. The data in Table 3 show the
proportion of y6 cells in the thymus, lymph nodes, spleen,
liver and i-IEL that express Vy4, Vy5, Vy7, V64 and V66.
Clearly Vy4+ cells are not reconstituted as well as other y6
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Figure 1. Log fluorescence staining of Thy-i.i and Thy-1.2 on thymus, lymph nodes, spleen, liver and i-IEL of 8-week-old SCID
mice reconstituted as neonates with 106 B6.PL.Thy-i (a)Cy neonatal spleen cells. Cells were stained with either anti-Thy- 1.-biotin
followed by PEAV, or anti-Thy-1.2-fluorescein isothiocyanate. Results are typical of four individual mice. The numbers in the top
right-hand corner of each profile represent the percentage of cells expressing Thy-i as determined after subtraction of
background staining.
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Figure 2. Fluorescence staining of CD4 and CD8 on thymus, lymph nodes and spleen of normal C.B-17 mice and 8-week-old
SCID mice reconstituted as neonates with 107 fetal liver cells, 106 neonatal spleen cells, or 106 adult bone marrow cells. The
percentage of each subset of the whole is shown. Cells were stained with anti-CD4-phycoerythrin + anti-CD8-fluorescein
isothiocyanate. Results are typical of those obtained for five to seven individual mice per reconstitution regime. Data are plotted
on a 4-log decade scale.

subsets, particularly in mice that received neonatal spleen or

adult bone marrow. Some reduction in Vy4+ cells was evident
in all organs examined. In addition, adult bone marrow seems

to have little capacity to produce liver V64' cells although
significant numbers of V64 + cells were present in other organs.
It should be remembered that the total number of liver y6 cells
in the mice reconstituted with newborn spleen or adult bone
marrow was much less than in normal mice. Therefore even

those subsets found to be present in normal or elevated
proportions were frequently decreased in number.

The female reproductive tract is another anatomical site at
which a significant proportion of T cells express the yb TCR.
Immunoperoxidase staining of uterine sections showed normal
numbers of TCR A4 and TCR y6 cells in mice reconstituted

1997 Blackwell Science Ltd. Immunology, 91, 65-72

with fetal liver or neonatal spleen. Mice reconstituted with
adult bone marrow had significantly fewer yb cells per section
than normal mice, and therefore a lower a4:yb ratio (data not
shown). Overall, reconstitution of neonatal SCID mice with
yb T cells was surprisingly normal with some qualitative and
quantitative variation depending on the reconstitution regime.

DISCUSSION

A number of studies have shown that the lymphoid compart-
ment of SCID mice can be reconstituted to significant levels
after neonatal transfer of haemopoietic precursors.15"16 These
studies assessed functional reconstitution, but did not investi-
gate reconstitution of different lymphocyte subsets in detail.
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Table 3. Percentage of Vy4+, Vy5+, Vy7+, V54+ and V66+ cells among total y3 cells in thymus, lymph nodes, spleen, liver and i-IEL of normal
mice and SCID mice reconstituted with 107 fetal liver cells, 106 neonatal spleen cells and 106 adult bone marrow cells. Seven separate samples
(for thymus, lymph nodes and spleen these were depleted of CD4' and CD8+, while immunoglobulin-positive cells also depleted from the latter
two populations) were stained for each organ/reconstitution with the following biotinylated antibodies: anti-y6, anti-Vy4, anti-Vy5, anti-Vy7,
anti-V54, anti-V66, or no antibody. After washing, the cells were incubated with PEAV. Results are from three to five independent experiments

per reconstitution regime each involving four to eight mice

Reconstitution Organ Vy4 Vy5 Vy7 V64 V66

Normal thymus 47+3 0 16+2 19+1 12+2
Fetal liver 42+2 0 17+3 24+3 14+4
Neonatal spleen 22+3 0 16+2 11+1 15+3
Adult bone marrow 20+3 0 11 +2 8 +1 18 +2

Normal lymph node 48 + 5 0 8 +1 20+1 3 +1
Fetal liver 29+3 0 8+5 19+5 4+1
Neonatal spleen 21+0 0 14+8 17 +3 9 + 3
Adult bone marrow 15+6 0 9+4 23+9 10+4

Normal spleen 31+4 0 12+2 13+2 4+2
Fetal liver 20+2 0 13 +6 9+4 6+1
Neonatal spleen 16+2 0 14+1 16+9 7+2
Adultbonemarrow 11+1 0 12+2 12+2 ND

Normal liver 30+6 1+0 40+1 17+7 17+9
Fetal liver 28+7 2+1 38+11 10+3 29+16
Neonatal spleen 20+10 1+0 21+3 5+0 25+4
Adult bone marrow 15+ 1 2+1 25+7 2+1 37+ 19

Normal i-TEL 11+2 0 64+6 20+1 18 +3
Fetal liver 8+2 0 69+4 20+4 19+3
Neonatal spleen 3+3 0 67+3 17+4 28+5
Adult bone marrow 6+6 0 55+9 16+7 19+3

Our results show that donor-derived CD4+ and CD8+ cells
exist in normal proportions in reconstituted mice although a
gradation of the absolute number of cells generated was seen,
with fetal liver cells generating closest to normal numbers of
cells, and mice receiving adult bone marrow being the least
well reconstituted. These differences could not be fully over-
come by increasing the inoculum 10-fold, indicating inherent
differences in the ability of haemopoietic precursors from
different sources to reconstitute the lymphoid compartments
of a SCID mouse. One possible explanation for the different
reconstitution potential of fetal liver, neonatal spleen and
adult bone marrow, stems from the work of Lemischka et al.41,
who found that upon reconstitution, haemopoietic stem cells
can persist for long periods in a quiescent state that seems to
be at least partially under the control of other stem cells. One
could hypothesize that perhaps adult bone marrow-derived
precursors are more susceptible to a quiescent state induced
by host stem cells, while fetal liver precursors are least suscep-
tible. A less involved but related explanation would be that
ontogenically older precursors have an inherent diminished
capacity to expand and differentiate.

The adult bone marrow and neonatal spleen cells used as
a source of precursors contain a small number of mature
T cells and B cells. It is therefore conceivable that these mature
cells could repopulate the SCID mice. While other investigators
have been able to establish conditions under which adoptively
transferred mature T cells will survive in SCID mice, mature
cells do not reconstitute SCID mice very well under the
conditions we have used. When we transferred mature T cells

into syngeneic SCID mice, only 5% of the initial innoculum
could be recovered 8 weeks post-transfer (data not shown).
While it is possible that some T cells in the reconstituted SCID
may have been transferred as mature cells, the vast majority
of T cells would have to have been produced post-transfer.

We found that, overall y3 T cells were reconstituted as well
as 4? cells. This was not the case in the liver, and is consistent
with the hypothesis that many liver y6 cells are of fetal or

early neonatal origin. Data from Ellis-Roark et al.12 showing
that many of the TCR Vy junctional sequences of liver-derived
hybridomas are simple and therefore fetal-like, are also consist-
ent with a fetal/perinatal origin of a proportion of liver y6
cells. Our observation that some hepatic y6 cells are reconsti-
tuted after transfer of haemopoietic precursor cells into neo-

natal mice, combined with the finding that y3 cells emigrate
from the adult thymus to the liver (K.A.K., unpublished
observations), indicate that the fetal/neonatal thymus is not
the sole source of hepatic y5 cells and that some subsets of
hepatic yb cells are produced by the postnatal thymus.

Studies by Ikuta et al.10 have shown that the development
of Vy5+ dendritic epidermal cells requires both a fetal source

of precursor cells and a fetal thymic microenvironment. While
it is clear that cells expressing the y6 form of the TCR are the
first to appear in the thymus in ontogeny, y6 cells are also
produced by the adult thymus.42 The relative contribution of
the adult, fetal and neonatal thymus to the peripheral y6 T-cell
pool has been speculative to date. Our results show some

interesting and hitherto unknown patterns of reconstitution
of y5 cells by different sources of precursors. In particular,
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Vy4+ cells were not reconstituted to normal levels. This
observation was true in all organs examined for all three
precursor sources, being most pronounced in mice reconsti-
tuted with adult bone marrow, and least severe in mice
reconstituted with fetal liver cells. This suggests that in normal
mice a subset of Vy4' cells are produced early in life and
persist. An explanation for the partial reconstitution of Vy4'
cells may lie in the order they are found on the chromosome.
The two most 3' V-regions, Vy5 and Vy6 cease to be utilized
around the time of birth. The next most 3' V-region is Vy4
which seems to be somewhat decreased in use in the adult.
There is no evidence to suggest that the most 5' of V-regions,
Vy7, is suppressed in the adult. The Vyl and Vy2 gene segments
are not contiguous with these Vy segments. They are to be
found 3' of JylCyl, and presumably are not a target for a
Vy5/6/4 'suppressor element'. Some correlation between V54
cell production and precursor source was also observed. In
particular, hepatic V54' cells were poorly reconstituted in
mice that received neonatal spleen or adult bone marrow,
suggesting liver V54' cells are a separate/non-overlapping
population of cells to those in other peripheral lymphoid sites.
The relationship between V5-gene usage and relative position
on the chromosome has not been studied.

While T cells were reconstituted differentially and to vary-
ing degrees, it is clear that they were reconstituted to a greater
degree than B cells. Reconstitution of different B-cell subsets,
such as the CD5-type B cells versus so-called conventional B
cells was not investigated. Data from Hayakawa et al.43 would
suggest that CD5-type B cells are of fetal and neonatal origin,
and therefore donor-derived cells of this type would be pre-
dicted to be absent in our reconstituted animals.

Clearly the production of lymphoid cells is the result of a
highly regulated process dependent upon a complex interplay
between various factors including the ontogenic age of the
precursor cell, thymic/bone marrow microenvironment and
perhaps also the status of peripheral lymphoid tissues.
Consequently, lymphocyte production through all phases of
ontogeny is required to generate a lymphoid pool of normal
composition. The mechanisms that control this process remain
to be fully elucidated. In addition to expanding our knowledge
of y6 T-cell production, these studies, in combination with
previous studies, provide useful information on how one might
generate mice that lack certain components of the lymphoid
compartment, and may be utilized in the investigation of
various immune responses.

ACKNOWLEDGMENTS

Dr Katherine A. Kelly was a recipient of the Lucille P. Markey
Charitable Trust Postdoctoral Fellowship. This work was supported
by NIHRO0A127903 to W.B.

REFERENCES

I. PARDOLL D.M., FOWLKES, .J., BLUESTONE J.A. et al. (1987)
Differential expression of two distinct T-cell receptors during
thymocyte development. Nature 326, 79.

2. GARMAN R.D., DoHERTY P.J. & RAULET D.H. (1986) Diversity,
rearrangement and expression of murine T cell gamma genes. Cell
45, 733.

3. CHmIN, Y.-H., IwAsmMA M., WErrsiN D.A et al. (1987) T-cell

receptor ( gene rearrangements in early thymocytes..Nature 330,
722.

4. ELLIOT J.F., ROCK E.P., PATTEN P.A., DAVIS M.M. & CHIEN,
Y-H. (1988) The adult T cell receptor b-chain is diverse and
distinct from that of fetal thymocytes. Nature 331, 627.

5. HAVRAN W.L. & ALLISON J.P. (1988) Developmentally ordered
appearance of thymocytes expressing different T-cell antigen
receptors. Nature 335, 443.

6. KuziEL W.A., TAKASHIMA A., BONYHADI M. et al. (1987)
Regulation of T-cell receptor a-chain RNA expression in murine
Thy-I + dendritic epidermal cells. Nature 328, 263.

7. ASARNOW D.M., KUZIEL W.A., BONYHADI M., TIGELAAR R.E.,
TuCKER P.W. & ALLISON J.P. (1988) Limited diversity of yc
antigen receptor genes of Thy-I + dendritic epidermal cells. Cell
55, 837.

8. HAvRAN W.L. & ALLISON J.P. (1990) Origin of Thy-I + dendritic
epidermal cells of adult mice from fetal thymic precursors. Nature
344, 68.

9. HAvRAN W.L., GRELL S., DuwE G. et al. (1989) Limited diversity
of T-cell receptor y-chain expression of murine Thy-I + dendritic
epidermal cells revealed by Vy-specific monoclonal antibody. Proc
Natl Acad Sci USA 86, 4185.

10. IKUTA K., KINA T., MACNEIL I. et al. (1990) A developmental
switch in thymic lymphocyte maturation potential occurs at the
level of hematopoietic stem cells. Cell 62, 863.

11. ITO K., BONNEVILLE M., TAKAGAKI Y. et al. (1989) Different y3
T-cell receptors are expressed on thymocytes at different stages of
development. Proc Natl Acad Sci USA 86, 631.

12. ELLIS-ROARK C., VOLLMER M.K., CRANFILL R.L., CARDING S.R.,
BORN W.K. & O'BRIEN R.L. (1993) Livery3 T cells. TCR junc-
tions reveal differences in heat shock protein-60-reactive cells in
liver and spleen. J Immunol 150, 4867.

13. ITOHARA S., FARR A.G., LAFAILLE J.J. et al. (1990) Homing of
a y6 thymocyte subset with homogeneous T-cell receptors to
mucosal epithelia. Nature 343, 754.

14. FuLoP G.M. & PHILLIPS R.A. (1986) Full reconstitution of the
immune deficiency in scid mice with normal stem cells requires
low-dose irradiation of the recipients. J Immunol 136, 4438.

15. BosMA G.C., GIBSON D.M., CusTER R.P. & BosMA M.J. (1989)
Reconstitution of scid mice by injection of varying numbers of
normal fetal liver cells into scid neonates. In: Current Topics in
Microbiology and Immunology, (eds M.J. Bosma, R.A. Phillips &
W. Schuler), Vol. 152, p. 151. Springer-Verlag, Berlin-Heidelberg.

16. COWING C. & GILMORE G.L. (1992) Allogeneic chimerism in scid
mice after neonatal transfer of bone marrow. J Immunol 148, 1072.

17. PEnuMN, J.H.-J., CAROLL A.M. & BosMA M.J. (1990) T-cell
receptor gene rearrangements in functional T-cell clones from
severe combined immune deficient (scid) mice: reversion of the
scid phenotype in individual lymphocyte progenitors. Proc Natl
Acad Sci USA 87, 345.

18. SHORTMAN K., WILLIAMS N. & ADAMs P. (1972) The separation
of different cell classes from different lymphoid organs. V. Simple
procedures for the removal of cell debris, damaged cells and
erythroid cells from lymphoid cell suspensions. J Immunol Methods
1, 273.

19. VON BoEHmER H. & SHORTMAN K. (1973) The separation of
different cell classes from lymphoid organs. IX. A simple and
rapid method for removal of damaged cells from lymphoid cell
suspensions. J Immunol Methods 2, 293.

20. SCOLLAY R. & SHoxRmAN K. (1983) Thymocyte subpopulations:
an experimental review, including flow cytometric cross-
correlations between the major murine thymocyte markers.
Thymus 5, 245.

21. SCHRADER J.W., SCOLLAY R. & BATTYE F. (1983) Intramucosal
lymphocytes of the gut: Lyt-2 and Thy-i phenotype of the
granulated cells and evidence for the presence of both T cells and
mast cell precursors. T Immunol 130, 558.

C 1997 Blackwell Science Ltd, Immunology, 91, 65-72



72 K A. Kelly et al.

22. CEREDIG R., LOWENTHAL J.W., NABHOLZ M. & MACDONALD H.R.
(1985) Expression of interleukin-2 receptors as a differentiation
marker of intrathymic stem cells. Nature 314, 98.

23. FAZEKAS DE ST. GROTH B., GALLAGHER P. & MILLER J.F.A.P.
(1986) Involvement of Lyt-2 and L3T4 in activation of haptan
specific Lyt-2' L3T4' T-cell clones. Proc Natl Acad Sci USA
83, 2594.

24. DIALYNAS D.P., WILDE D.B., MARRACK P. et al. (1983)
Characterization of the murine antigenic determinant, designated
L3T4a, recognized by monoclonal antibody GK1.5: expression of
L3T4a by functional T cell clones appears to correlate primarily
with class II MHC antigenic reactivity. Immunol Rev 74, 29.

25. LEDBETTER J.A. & HERZENBERG L.A. (1979) Xenogeneic mono-

clonal antibodies to mouse lymphoid differentiation antigens.
Immunol Rev 47, 63.

26. TOMONARI K. (1988) A rat antibody against a structure func-
tionally related to a mouse T-cell receptor/T3 complex.
Immunogenetics 28, 455.

27. GOODMAN T. & LEFRANcOIS L. (1989) Intraepithelial lymphocytes:
anatomical site, not T cell receptor form, dictates phenotype and
function. J Exp Med 170, 1569.

28. DENT A.L., MATIs L.A., HOOSHMAND F., WIDACKI S.M.,
BLUESTONE J.A. & HEDRICK S.M. (1990) Self-reactive y6 T cells
are eliminated in the thymus. Nature 343, 714.

29. KALATARADI H., EYSTER C.L., FRY A., et al. (1994) Allelic
differences in TCR y-chains alter yb T cell antigen reactivity.
J Immunol 153, 1455.

30. HOUSTON L.L., NowINSKI R. & BERNSTEIN I. (1980) Specific in
vivo localization on monoclonal antibodies directed against the
Thyl l antigen. J Immunol 125, 837.

31. BANDEIRA A., ITOHARA S., BONNEVILLE M. et al. (1991)
Extrathymic origin of intestinal intraepithelial lymphocytes bear-
ing T-cell antigen receptor y6. Proc Natl Acad Sci USA 88, 43.

32. DE GEUs B., VAN DEN ENDEN M., COOLEN C., NAGELKERKEN L.,
VAN DER HEIJDEN P. & ROZING J. (1990) Phenotype of intraepi-
thelial lymphocytes in euthymic and athymic mice: implications
for differentiation of cells bearing a CD3-associated y6 T cell
receptor. Eur J Immunol 20, 291.

33. KLEIN J.R. (1986) Ontogeny of the Thy-1-, Lyt-2' murine
intestinal intraepithelial lymphocyte: characterization of a unique
population of thymus-independent cytotoxic effector cells in the
intestinal mucosa. J Exp Med 164, 309.

34. VINEY J.L., MACDONALD T.T. & KILSHAW P.J. (1989) T-cell
receptor expression in intestinal intra-epithelial lymphocyte sub-
populations of normal and athymic mice. Immunology 66, 583.

35. DORSHKIND K., KELLER G.M., PHILLIPS R.A. et al. (1984)
Functional status of cells from lymphoid and myeloid tissues in
mice with severe combined immunodeficiency disease. J Immunol
132, 1804.

36. SHORES E.W., SHARROW S.O., UPPENKAMP I. & SINGER A. (1990)
T cell receptor-negative thymocytes from SCID mice can be
induced to enter the CD4/CD8 differentiation pathway. Eur
J Immunol 20, 69.

37. LYNCH F. & SHEVACH E.M. (1993) y6 T cells promote CD4 and
CD8 expression by SCID thymocytes. Int Immunol 5, 991.

38. REIMANN J., RUDOLPHI A. & CLAESSON M.H. (1991) CD3' T-cells
in severe combined immunodeficiency (scid) mice III. Transferred
congenic, self reactive CD4+ T cell clones rescue IgM-producing,
scid-derived B cells. Int Immunol 3, 657.

39. RIGGS J.E., STOWERS R.S. & MOSIER D.E. (1991) Adopotive
transfer of neonatal T lymphocytes rescues immunoglobulin pro-
duction in mice with severe combined immunodeficiency. J Exp
Med 173, 265.

40. HILBERT D.M., HOLMES K.L., ANDERSON A.G. & RUDIKOFF S.
(1993) Long-term thymic reconstitution by peripheral CD4 and
CD8 single-positive lymphocytes Eur J Immunol 23, 2412.

41. LEMISCHKA I.R., RAULET D.H. & MULLIGAN R.C. (1986)
Developmental potential and dynamic behavior of hematopoietic
stem cells. Cell 45, 917.

42. KELLY K.A., PEARSE M., LEFRANCOIS L. & SCOLLAY R. (1993)
Emigration of selected subsets of y5 + T cells from the adult murine
thymus. Int Immunol 5, 331.

43. HAYAKAWA K., HARDY R.R., HERZENBERG L.A. & HERZENBERG
L.A. (1985) Progenitors for Ly-1 B cells are distinct from progeni-
tors for other B cells. J Exp Med 161, 1554.

C 1997 Blackwell Science Ltd, Immunology, 91, 65-72


