in the activation of the substrate.
Sphingomyelin and phosphatidylethano-
lamine” were not studied. None of the
other serum nonlipoprotein compo-
nents (albumin, eq-glycoprotein, y-glo-
bulin) or whole serum from which lipo-
proteins were removed by ultracentrif-
ugal flotation at density greater than
1.21 (Spinco Model L, 114,000g, 24
hours, 16°C) were active either alone
or after mixing with sols of HDL phos-
pholipids. Modification of the substrate
by ionic surfactants (sodium octyl to
hexadecyl sulphate and benzyldimethyl-
octyl to nonadecyl ammonium chlo-
ride) in the presence or absence of apo-
protein, was also ineffective in eliciting
enzyme activity.

All of the enzyme preparations used
produced comparable and reproduci-
ble results. As observed by Korn (6)
they were inactivated by NaCl and
showed a decline in activity upon pro-
longed storage at 4°C.

The results indicate that partial struc-
tural restoration of HDL apoprotein
by addition of phospholipids is accom-

panied by restitution of function. This
observation may prove useful in stud-
ies of the structure of HDL and in
the analysis of its mode of formation.
The mechanism of substrate activation
by HDL must await isolation of lipo-
protein lipase in pure form.

A. ScaNuU
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Chicago, Illinois

References and Notes

1. A. Scanu, L. A. Lewis, M. Bumpus, Arch.
Biochem. Biophys. 74, 390 (1958); A. Scanu,
J. Lipid Res. 7, 295 (1966).

2. B. Shore and V. Shore, Biochem. Biophys.
Res. Commun., 9, 455 (1962).

3. A. Scanu and W. L. Hughes, J. Biol. Chem.
235, 2876 (1960).

. A. Scanu, Circulation 32 (Suppl. 2), 30 (1965);

, in preparation.

. Ediol, Schenley Laboratories, Inc., New York.

E. D. Korn, J. Biol. Chem. 237, 3423 (1962).

, ibid. 236, 1638 (1961).

. J. Avigan, ibid. 226, 957 (1957).

. Supported by grants PHS HE-08727, Life In-
surance Medical Research Fund G-64-42, and
Chicago and Illinois Heart Associations C65-1.
I am the recipient of a career development
award HE-24,867 from PHS. The technical
assistance of Mrs. Celina Edelstein and Miss
Renny Pudussery is acknowledged.

23 June 1966 -

=X RN »

Immunoglobulin M Allotypes of the Rabbit:
Identification of a Second Specificity

Abstract. Rabbit antiserums, originally prepared to react specifically with
rabbit immunoglobulin allotypes Ab5 and Ab6, also react with some normal
rabbit serums that clearly do not contain Ab5 or Ab6 allotypes. This reaction
is due to antigenic specificity present on rabbit immunoglobulin M (IgM) and not
on rabbit immunoglobulin G. Serums that contain this IgM allotype do not react
with an antiserum that reacts with the known rabbit IgM allotype, Msl. This
specificity may therefore be identified as a second rabbit IgM allotype, Ms2.

Rabbit immunoglobulin allotypes are
genetically controlled antigenic specifi-
cities which may differ from one indi-
vidual to another. Immunization of a
rabbit not having a given allotypic spe-
cificity with the serum (or immunoglob-
ulin) of another rabbit bearing the given
allotypic specificity results in the for-
mation of antibodies in the serum of
the immunized rabbit which react with
the given allotypic specificity (I). To
date, six different allotypic antigenic
specificities have been well defined. Al-
lotypes Aal, Aa2, and Aa3 are con-
trolled by one chromosomal locus “a,”
and are located on the H-chain of rab-
bit immunoglobulin G (IgG); allotypes
Ab4, Ab5, and Ab6 are controlled sep-
arately by a second chromosomal locus
“b” and are generally thought to be lo-
cated on the L-chain of rabbit IgG
(2). The determinants controlled by
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both loci are present on serum IgG and
immunglobulin M (IgM) and on immu-
noglobulin A (IgA) and IgG in colos-
trum (3).

An allotypic determinant present on
rabbit IgM and not on rabbit IgG has
been identified and has been named Msl
(4). The hypothetical allele or alleles for
the IgM allotype Ms1 controlled by the
gene locus Ms, or any other allotypic
determinant of IgM, has not previously
been reported. I now report preliminary
identification of a second allotypic anti-
genic determinant on rabbit IgM.

The allotypic specificities of the im-
munoglobulins of a given rabbit are de-
termined in this laboratory by “double-
diffusion-in-agar” precipitin reactions
between the appropriate specific anti-
serums to an allotype and the serum
obtained from the rabbit being tested.
During the course of allotyping the

serums of rabbits with antiserums to
the six well-characterized immunoglobu-
lin allotypes Aal, Aa2, Aa3, Ab4,
ADbS, and Ab6 (), faint precipitin bands
with antiserums directed against AbS5
and Ab6 appeared 2 to 3 days after the
major precipitin bands (Fig. 1) ap-
peared.

With one Ab4,5 serum two lines
were observed with the antiserum to
Ab5. One was the result of a reaction
with the ADbS antigenic determinant,
whereas the second faint line was prob-
ably the result of a different group of
molecules as the line passed through the

- precipitin line formed by the reaction

of antiserum to Ab5 with AbS (Fig. 1).
Thus an intraspecies antigenic difference
present on a serum protein other than
IgG was tentatively identified. Accord-
ing to current terminology this anti-
genic determinant could be called an
allotype.

The next step was to ascertain on
which serum protein this allotypic de-
terminant was located. The late ap-
pearance of the precipitin band, the lo-
cation close to the antigen well, and the
tendency of the lateral margins of the
band to curve toward the antigen well
(Fig. 1) indicated a protein in low con-
centration with a diffusion constant less
than that of the reacting antibody. All
of these observations seemed most con-
sistent with serum IgM. Accordingly in-
dividual serums containing the antigen
were separated on Sephadex G-200. The
antigenic determinant of interest was
located only in the first peak, that is,
the high-molecular-weight area contain-
ing IgM (Fig. 2). Treatment of individ-
ual serums containing this antigenic
specificity with 2-mercaptoethanol de-
stroyed the capacity of these serums to
form a precipitin band when they were
reacted with the appropriate antiserums,
but the a and b loci reactivities were not
affected. Similarly mercaptoethanol also
destroyed the reactivity of Msl-contain-
ing serums when they were reacted
with antiserums to Msl. To define the
macroglobulin on which the determin-
ant was located immunoelectrophoresis
was performed (Fig. 3). These analyses
indicated that the allotype identified was
indeed an allotypic determinant present
on rabbit IgM.

To determine whether this IgM allo-
type represented a previously unre-
ported determinant or was only a redis-
covery of the previously reported IgM
allotype Msl, normal serums that were
not Ab6 or AbS5S but contained the
[gM allotype under investigation and
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Fig. 1. Rabbit serums 53 through 58 with
rabbit antiserums against allotypes Ab4
(Ad4), Ab5 (A5), and Ab6 (A6) tested
by double diffusion in agar (dried and
stained with Ponceau S). All serums re-
act strongly with the antiserum to Ab4
(A4) and two serums, 53 and 54, also
react strongly with the antiserum to AbS
(AS5). In addition, each serum also pro-
duces a weak precipitin band with the anti-
serums to Ab6 (A6), and all serums but
54 also produce weak bands with anti-
serum to AbS. Faint bands produced with
the antiserum to Ab4 (A4), and by the
serums 53 and 58 actually cross the strong
band, suggesting that a different molecular
species is responsible. The weak lines are
located near the antigen (serum) wells and
tend to curve toward the antigen wells,
suggesting that the size of the antigen is
greater than the size of the antibody. Lines
formed by reaction of the antiserum to
AbS5 (AS5) with AbS allotype present in
the antiserum to Ab4 (A4), and by the
reaction of the antiserum to Ab6 (A6)
serum with the Ab6 allotype present in the
antissrum to Ab5 (AS5), are omitted
from the line drawing.

normal serum containing Msl were
tested with the appropriate antiserum to
Ab5 or Ab6 and with an antiserum di-
rected against Msl (5), and a repre-
sentative pattern is shown in Fig. 2.
The results indicate that the IgM allo-
type under investigation is antigenically
distinct from the known IgM allotype
Msl. In accordance with previous termi-
nology this allotype was named Ms2.

The serums of 114 rabbits were tested
for Ms1 and Ms2 determinants. Only
one serum, obtained from Professor
P. G. H. Gell and known to have Msl
specificity, reacted with the antiserum
to Ms1. This serum did not contain Ms2
specificity. Of the other 113 rabbit
serums tested, 19 serums reacted with
antiserums to Ms2. Breeding experi-
ments are now planned to determine
the genetic relationship between Msl
and Ms2; and the relationship, if any,
between these IgM determinants and
the “a” and “b” locus determinants (6).
Most of the rabbit serums tested did not
apparently contain either Msl or Ms2.
It is possible (i) that there are other
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Fig. 2. Reactions (double diffusion in agar)
of antiserums to Ab5 (A5) and to Ab6
(A6) with rabbit serum 53 (allotype 1, 3,
4, 5) and the first (1), the second (2), the
ascending (3A), and the descending (3D)
portions of the third peak obtained by
fractionation on Sephadex G-200 of serum
from rabbit 53. In addition, the reactions
of A5 and an antiserum against the known
IgM allotype Msl (AM) with a serum
known to contain Msl (M) and with se-
rum 53 are shown. Antiserum A5 reacts
strongly with serum 53 and the second
peak obtained after Sephadex fractionation
of serum 53 because of allotype AbS
in the IgG of serum 53. The reaction of
A5 with the first peak obtained by Sep-
hadex fractionation of serum 53 is most
likely due to allotype AbS on IgM, where-
as the reaction with 3A is most likely due
to contamination with IgG. Antiserum A5
also produces a weak second line with se-
rum 53, but does not react with serum M.
Antiserum A6 only reacts with serum
53 and the first fraction obtained from the
Sephadex fractionation of rabbit serum
53, indicating that this reaction is specific
for a macroglobulin. The antiserum to
Msl (AM) only reacts with serum M,
and does not react with serum 53 or the
first Sephadex fraction of serum 53. The
precipitin line omitted from the line draw-
ing is the result of reactions of the anti-
serum to Ab6 with Ab6 allotype present
in the AS serum and in serum M.

alleles at the Ms locus, (ii) that more
than one locus may be operative, or (iii)
that false negative results may be ob-
tained when rabbits are tested for IgM
determinants because of the low concen-
tration of IgM in rabbit serum. The
third possibility may be especially per-
tinent in the case of heterozygote rab-
bits since less than 50 percent of the
IgM might be expected to be of one
IgM allotype and would explain the ab-
sence of any Msl,2 rabbits in the pop-
ulation tested.

The identification of an antibody re-
acting specifically with IgM in antiser-
ums originally prepared to react with
an allotype of IgG is explained by the
method of immunization. To obtain an

Fig. 3. Composite immunoelectrophoretic
patterns demonstrating that rabbit IgM is
the antigen responsible for the weak re-
action with the antiserum to AbS. The
wells were filled with: (1) serum from rab-
bit 58; (2) the concentrated first Sephadex
peak of rabbit serum 58; and (3) rabbit
IgA isolated from the colostrum of an
Asl,4 rabbit. The top pattern is the re-
sult of the reaction of a polyvalent sheep
antiserum to rabbit whole serum and illus-
trates the position of rabbit serum proteins
after electrophoresis. The antiserum to
Ab4 reacts with the serum IgG and IgM
owing to the presence of Ab4 specificity
on these proteins. The antiserum to AbS
does not react with the IgG of serum 58
because rabbit 58 is allotype 1,4. How-
ever the antibody to Ab5 does react with
IgM from serum 58 because of determi-
nants present on IgM that are different
from the “a” and “b” locus allotypic
determinants. The antiserum to Aal re-
acts with the serum IgM and colostral
IgA due to the presence of “a” locus
determinants (H-chain) on these immuno-
globulins. The horizontal lines in the two
middle patterns are due to reactions of the
antiserums to allotype with allotypic de-
terminants present on the serums placed
in the opposite trough.

antiserum specific for Ab6 an allotype
1,6 rabbit is immunized with killed
Proteus vulgaris. When a good titer of
antiserum to Proteus is obtained, a sec-
ond rabbit allotype 1,4,5 is immunized
with complexes of the allotype 1,6 anti-
body and P. vulgaris. Although the anti-
body in such immunizing complexes is
mostly IgG, it is not unlikely that some
of the antibody is IgM. If there are dif-
ferences in the allotypic determinants
of IgM between the donor of the anti-
serum to Proteus and the recipient of
the Proteus-antibody complexes that
are not also present on IgG, then anti-
bodies specific for this IgM determinant
could be produced.

STEWART SELL
Department of Pathology, University
of Pittsburgh, School of Medicine,
Pittsburgh, Pennsylvania 15213

References and Notes

1. J. Oudin, Compt. Rend. 202, 2489 (1956); S.
Dray and G. O. Young, J. Immunology 81,
142 (1958); S. Dubiski, Z. Dudziak, D.
Skalba, Immunology 2, 84 (1959).

2. S. Dray, S. Dubiski, A. Kelus, E. S. Lennox,

SCIENCE, VOL. 153



J. Oudin, Nature 195, 785 (1962); A. Fein-
stein, P. G. H. Gell, A. S. Kelus, ibid. 200,
653 (1963); G. W. Stemke, Science 145, 403
(1964).

3. A. Feinstein, Nature 199, 1197 (1963); C. W.
Todd, Biochem. Biophys. Res. Commun. 11,
170 (1963); G. W. Stemke, Science 150, 1298
(1965). Observations in this laboratory re-
veal that the determinants controlled by both
loci are present in serum IgG and IgM and
also in the IgG and IgA of the colostrum of
a given rabbit; there appears to be little or no
IgM in colostrum and very little IgA in
serum.

4, A. S. Kelus and P. G. H. Gell, Nature 206,
313 (1965).

5. I thank Professor P. G. H. 'Gell and Dr. A. S.

Kelus, Dept. of Experimental Pathology, Uni-
versity of Birmingham Medical School, Bir-
mingham, England, for providing not only the
antiserums to the ‘“a” and “b” locus deter-
minants, but also the antiserum to Msl
serum.

6. It is also possible that the colostral IgA of
rabbits having IgM specificity Msl or Ms2
may also carry these determinants. Accord-
ingly, when does with a known IgM specificity
are bred the colostral IgA of these rabbits
will be tested for the presence of Msl or Ms2
determinants.

7. Supported by PHS career development award
1-K3-Al1-23,308-01 and by research grant award
Al-07125-01 .from NIH.

12 May 1966 ]

Hemopoietic Colony-Forming Units in Regenerating Mouse

Liver: Suppression by Anticoagulants

Abstract. After hepatic injury induced by carbon tetrachloride, mitotically
active hematopoietic cells of nonhepatic origin localize in the liver as judged by
an increase in colony-forming nodules in the spleens of lethally irradiated recipient
mice on intravenous injection of cells from these livers. The administration of
warfarin suppresses the localization of colony-forming units in the regenerating
liver by inhibiting the coagulation mechanism of the donor animals.

While fibrin formation in hemostatic
and inflammatory processes has been
investigated for decades, the signifi-
cance of fibrin formation in the growth
of primary tumors and in the fixation
and extension of metastases has only
recently become apparent. Hiramoto
(I) has shown that extravascular fibrin
deposits are found in various spontane-
ous human tumors. O’Meara (2)
showed that fibrin forms lattice work
on which tumor cells grow and spread.
Bale, Spar, and Goodland. (3) used
antibody to fibrin to localize I'31 in
tumor tissue, producing permanent re-
gression of a transplantable rat rumor,
and demonstrating the localization of
I'31-labeled antibody to fibrinogen in
spontaneous human tumors (4).

Grossi, Agostino, and Cliffton (5)
have shown that activation of the
fibrinolytic system reduced the pul-
monary metastases resulting from intra-
venously administered tumor cells in
rats. Anticoagulant therapy as well as
fibrinolysis reduces the incidence of
pulmonary metastases resulting from in-
travenous injection of tumor cells or
from massaged intact tumors (6). Con-
versely, agents which increase clotting
or inhibit fibrinolysis increase metastases
(7). Alexander and Altemeier (8) noted
a striking increase in the number of
metastases to injured tissues, which
Agostino and Cliffton (9) attributed to
fibrin formation resulting from the in-
flammatory reaction. These metastases
could be greatly reduced by anticoagu-
lant therapy or fibrinolysin. Metastases
were produced in liver tissue after car-
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bon tetrachloride feeding, while intra-
venous injection of tumor cells re-
sulted only in pulmonary metastases in
control animals (10).

It is our hypothesis that fibrin
formed in injured tissues traps normal
mitotically active cells which usually are
not localized in uninjured tissue and
apparently do not play a role in the
inflammatory response or subsequent
repair processes. One such cell type
is the hemopoietic colony-forming cell.

Till and McCulloch (11) devised a
test system in which cells from bone
marrow with the characteristics of stem
cells are injected intravenously into
lethally irradiated host animals. Gross
nodules of proliferating cells, which can
be counted macroscopically, are pro-
duced in the spleens of the host ani-
mals. The spleen colony technique ap-
pears to satisfy the requirements of
an assay for stem cells, since it detects
a cell type which has the capacity to
proliferate extensively and to give rise
to progeny containing differentiated cells
(12). Single cells, which have been giv-
en the operational name of colony-
forming cells (/3), produce colonies
which contain, within a single colony,
erythrocytic, granulocytic, and mcga-
karyocytic cells (I4). The number of
colonies in the spleens of irradiated re-

cipients is, over a wide range, propor- -

tional to the number of cells or colony-
forming units intravenously injected
5).

Our work shows that (i) after car-
bon tetrachloride~induced hepatic in-
jury, colony-forming units, presum-

ably circulating peripheral blood leuko-
cytes, localize in the liver and are
trapped in the network of fibrin. Hemo-
poietic stem-cell elements are found
in peripheral blood leukocytes with a
frequency 1/30 to 1/50 that in bone
marrow cells (/6). Karyotype studies
(17) have shown that mitotically ac-
tive myeloid cells, presumably of bone
marrow origin, are present in livers
after injection of carbon tetrachloride.
(i) Anticoagulant therapy with war-
farin of sufficient dosage to increase
the normal prothrombin time 3.4 to
4.5 times inhibits the localization of
colony-forming units in the regenerat-
ing liver. (iii) Warfarin has no direct
effect on colony-forming units; it
affects only their localization in
the regenerating liver by inhibiting
the coagulation mechanism. This inhi-
bition can be reversed by the adminis-
tration of vitamin K. When bone mar-
row cells from warfarin-treated mice
are intravenously injected into lethally
irradiated host mice, spleen nodule
counts are the same as those of recipi-
ents injected with bone marrow cells
from control mice.

The donor and recipient mice used
were 12- to 16-week-old genetically
homogeneous female F; hybrids
(C57L X A/He)F;. All warfarin-
treated mice were injected intraperi-
toneally with the following dosage of
warfarin sodium: day 1, 4.8 mg; day
2, 3.36 mg; day 3, 1.92 mg; day 4,
1.20 mg.

All carbon tetrachloride—treated mice
were injected subcutaneously on day
2 with 0.2 ml of 40 percent CCl, in
olive oil. All mice treated with vita-
min K (Mephyton) were injected in-
traperitoneally at the same times as
mice treated with warfarin. The dos-
age (milligrams) of Mephyton was the
same as for warfarin. All donor mice
were killed on day 5, liver slices were
removed, weighed, and homogenized by
hand in a glass homogenizer, and the
homogenates were suspended in cold
TC-199 culture medium to a cell di-
lution of 10 percent by volume. Re-
cipient mice, which had received 900
rad of whole-body x-irradiation, 250 kv
(peak), within the previous 3 hours,
were injected intravenously in the tail
vein with 0.20 ml of suspended cells
containing 20 mg of liver tissue. Ap-
proximately 15 minutes before the in-
travenous injection of liver cells, 10
mg of heparin was injected intraperi-
toneally in the recipient mice to re-
duce the mortality from intravascular
coagulation produced by the liver-
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