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The recent availability in culture of embryo-derived pluripotential
cells which exhibit both a normal karyotype and a high differentia-
tive ability'™ has encouraged us to assess the potential of these
cells to form functional germ cells following their incorporation
into chimaeric mice. We report here the results of blastocyst
injection studies using three independently isolated XY embryo-
derived cell lines (EK.CP1, EK.CC1.1 and EKCC1.2) which pro-
duce a very high proportion (>50%) of live-born animals that are
overtly chimaeric. Seven chimaeric male mice, derived from these
three lines, have, so far, proved to be functional germ-line
chimaeras. '

Although teratocarcinoma-derived embryonal carcinoma
(EC) cells have been used to construct chimaeras, they have
rarely realized the developmental potential demonstrated b}/
embryonic inner cell mass cells used in a similar combination”.
Indeed, when introduced into the early embryo many EC cell
lines show a low rate of colonization and/or a restricted pattern
of differentiation®, and many chimaeras develop tumours both
pre- and postnatally®.

We have recently demonstrated that over 15 of our fertilized -
and parthenogenetically activated® embryo-derived (EK) cell
lines of both XX and XY sex chromosome constitutions form
normal chimaeras with high efficiency (in preparation). In this
study we decided to use fertilized embryo-derived pluripotential
XY cell lines, which, unlike most of their tumour-derived EC
cell counterparts, readily differentiate in vitro and possess a
normal euploid karyotype®, an essential prerequisite for the
formation of viable gametes. We now present data which clearly
demonstrate that such cell lines are capable of forming func-
tional germ-line chimaeras. :

Table I gives the results of the blastocyst injection experiments
and Table 2 the results of the test breeding studies. Figure 1
shows six of the phenotypically male chimaeras which transmit-
ted functional spermatozoa derived from the introduced cells.

It would obviously be desirable to incorporate specific func-
tional genes into the mouse genome. While direct transformation

Table 1 Rates of construction of chimaeras
) No. No. No. Chimaeras Males No. of germ-line
Cell line injected born (%) chimaeric (%) Male Female ND Set up Bred chimaeras
EK.CPI 254 167 (66) 74 (44) 40 27 7 23 20 4
EK.CCl.1 69 S2(75) 31 (60) 21 10 0 i3 8 1
EK.CC1.2 160 111 (70) 63 (57) 50 13 0 21 7 2
: Total: 111 50 35 7(20%)

The EK.CP1, EK.CC1.1 and EK.CC1.2 cell lines were isolated from delayed blastocysts'. All of these lines are characterized by the possession
of black and agouti coat colour markers. The EK.CPI cell line was derived from a 129/8v//Ev strain mouse and is homozygous for the GPI-1°
allele at the GPI-I (glucose phosphate isomerase-1) locus. EK.CCI.1 and [EK.CC1.2 were derived from a substrain of 129/Sv//Ev which is
homozygous for the GPI-I¢ allele at the GPI-I locus. All three of these lin& possess a normal euploid XY chromosome constitution and have
been maintained entirely in vitro on feeder layers of inactivated fibroblasts. The breeding data available for some males are incomplete; these might
yetprove to have a low-level culture-derived germ-line component. There is a very evident distortion of the sex ratio in the live-born chimaeras—this
deviation in favour of males is highly significant (x%, P <0.001) and probably reflects the conversion of a number of ‘host® female embryos to male

chimaeras. ND, not determined.
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of the zygote has recently shown much promise’'?, an alterna-
tive approach is the construction of individuals between
‘modified’ pluripotential cells and normal embryos. This second
approach has the advantage that cultured cells are accessible
for genetic manipulation, characterization and selection before
their incorporation in vivo. Several EC cell lines have been
selected in vitro to carry specific mutations or additional intact
‘foreign’ chromosomes, and have subsequently been incorpor-
ated into chimaeric individuals'*"". It is, however, a necessary
prerequisite to demonstrate that germ-line chimaerism can be
reliably achieved. Published rates of construction of germ-line
chimaeras using EC cell lines have been disappointingly
poor'®'. There has been a report of a single XX cell line,
maintained completely in vitro, from which two germ-line
females have been obtained. In addition to a low rate of chimaera
formation (13%), these females produced only four progeny
having an EC-derived component®®?'.

Table 2 Breeding data from the seven functional germ-line chimaeras

Male No. of No. of No. No. black
chimaera litters offspring albino agouti
CP1.3 10 78 0 78
CP1.5 16 170 163 7
CPL.11 2 23 22 |
CP1.34 1 5 0 5
CCl1.1.3 1 12 0 12
CCl1.2.6 1 13 0 13
CC1.2.8 1 11 0 11

Phenotypically male chimaeras were caged with successive virgin
CFLP females homozygous for the GPI-1° allele and the albino locus.
Resulting litters were scored for the dominant black and agouti
phenotypes. GPI analysis of blood samples taken from all the black
agouti offspring has shown the predicted GPI-1°1® (EK.CP1) or GPI-
1°1°(EK.CC1.1 and EK.CC! .2) genotype, thus verifying the inheritance
of these culture-maintained lines. The chimaeras which appear to be
breeding from their XY culture-derived component alone are probably
sexual mosaics, although phenotypically they are normal males, as any
XX germ cells would not be capable of forming functional spermatozoa.
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Fig. 1 Six of the seven germ-line
chimaeras described in Tables 1
and 2. a, CPL3; b, CPLS; ¢
CP1.11; 4, CC1.1.3; ¢, CC1.2.6; f,
CC1.2.8. Between 8 and 12 embryo-
derived cells were introduced into
the blastocoelic cavity of host-
fertilized blastocysts homozygous
for the recessive albino locus. The
blastocysts were then allowed to
re-expand and were subsequently
transferred to the uterine lumen of
recipients on the third day of
pseudopregnancy. All the concep-
tuses were allowed to develop to
term, and live-born animals were
scored for the presence of eye and
coat pigmentation at or shortly
after birth.

Clearly, embryo-derived stem cells seem to be particularly
efficient at recolonizing the early embryo. This feature, together
with the availability of XY lines such as those described here,
now allows the routine construction of chimaeric males which
are capable of transmitting culture-derived genomes to a poten-
tially limitless number of offspring, and confirms our previous
contention of the normality of the genome in these stem cell
lines?2. '
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Note added in proof: A further four males described in Table 1
have proved to be germ-line chimaeras (three from the CC1.2
and one from the CCl1.1 cell lines).

Received 23 Januvary; accepted 20 March 1984.

1. Evans, M. J. & Kaufman, M. H. Nature 292, 154-156 (1981).
2. Martin, G. R. Proc. natn. Acad. Sci. U.S.A. 78, 7634-7638 (1981).
3. Robertson, E. J., Kaufman, M. H., Bradley, A. & Evans, M. J. in Cold Spring Harb. Conf.
Cell Proliferation 10, 647-663 (1983).
4. Papaioannou, V. E. & Rossant, J. Cancer Surv. 2, 165-183 (1983).
5. Papaioannou, V. E., Evans, E. P.,, Gardner, R. L. & Graham, C. F. J. Embryol. exp. Morph.
54, 277-295 (1979).
6. Kaufman, M. H,, Robertson, E. J., Handyside, A. H. & Evans, M. ). J. Embryol. exp. Morph.
73, 249-261 (1983).
7. Gordon, J. W., Scangos, G. A,, Plotkin, D. J,, Barbosa, J. A. & Ruddle, F. H. Proc. nain.
Acad. Sci. U.S.A. 77, 7380-7384 (1980).
8. Brinster, R. L. er al Cell 27, 223-231 (1981).
9. Constantini, F. & Lacy, E. Nature 294, 92-94 (1981).
10. Wagner, T. E. ef al Proc. nam. Acad. Sci. U.5.A. 78, 6376~6380 (1981).
t1. Jihner, D. & Jaenisch, R. Narure 287, 456-458 (1980).
12. Palmiter, R. D. e al. Nature 300, 611-615 (1982).
13. Palmiter, R. D., Norstedt, G., Gelinas, R. E., Hammer, R. E. & Brinster, R. L. Science 222,
809 (1983).
14. Dewey, M. )., Martin, D. W. Jr, Martin, G. R. & Mintz, B. Proc. natn. Acad. Sci. U.S.A.
74, 5564-5568 (1977).
15. 1limensee, K., Hoppe, P. C. & Croce, C. M. Proc. natn. Acad. Sci. U.S.A. 75, 19141918
(1978).
16. Watanabe, T., Dewey, M. J. & Mintz, B. Proc. nam. Acad. Sci US.A. 75, 5113-5117
(1978).
17. Iltmensee, K. & Croce, C. M. Proc. nain. Acad. Sci. U.S.A. 76, 879-883 (1979).
8. Mintz; B. & Hlimensee, K. Proc. natn. Acad. Sci. U.S.A. 72, 3585-3589 (1975).
19. Tmensee, K. in Genetic Mosaics and Chimaeras in Mammals (ed. Russell, L. B.) 3-25
(Plenum, New York, 1978).
20. Stewart, T. A. & Mintz, B. Proc. nain. Acad. Sci. U.SA. 78, 6314-6318 (1981).
21. Stewart, T. A. & Mintz, B. J. exp. Zool. 224, 465-496 (1982).
22. Evans, M. J. & Kaufman, M. H. Cancer Surv. 2, 185-207 (1983).



