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Fig. 2. Frequency distribution diagram of human type and mouse type chromosomes 
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per cell is therefore considerably 
higher than in the hybrids described 

previously (2, 4); but because of the 
duplication of the 3T3 complement, an 
unusual feature of this combination, the 
ratio of human to mouse genetic mate- 
rial is still only about 1:4. A karyotype 
of HLE-cl-C is shown in Fig. 1C; 38 
chromosomes have been classified as 
human, and among them are members 
of every group. 

The hybrid cells were very large. 
Growth was very slow at first, but with- 
in 2 months growth rates of the hybrids 
were of the same order as those of the 

parent lines, or slightly lower. On serial 
culture in standard medium, there was 
a slight tendency toward further loss of 
human chromsomes; clone C decreased 
in modal human chromosome number 
from 38 to 17 over the course of 100 
cell generations. There was no concur- 
rent loss of mouse chromosomes. Pref- 
erential loss of human chromosomes 
therefore occurs as in the human- 
mouse hybrids reported earlier (2, 4), 
but considerably more slowly. 

In an attempt to introduce a greater 
number of human chromosomes, a hy- 
brid line was rehybridized in the fol- 

lowing manner. A clone of HLE-C was 
transferred into medium containing 
BUDR at a concentration of 30 [ug/ml. 
This selectively eliminates cells with the 
human chromosome bearing the thymi- 
dine kinase gene (2, 3). Approximately 
1 percent of the cells survived and grew 
into TK- colonies. One subline origi- 
nating in this way had an average of 11 
human chromosomes per cell and an 
undiminished number of 3T3 chromo- 
somes. This population was mixed with 
D98/AH2 and the hybridization car- 
ried out in the usual manner, with the 
use of HAT to eliminate the parent cell 
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types. Four clones of hybrid cells were 
isolated. All possessed from 15 to 45 
human chromosomes, clone AB2 hav- 

ing the highest mode of 34 chromo- 
somes. The number of chromosomes 

per cell was therefore not higher than 
that obtained after a single hybridiza- 
tion (HLE-C had a modal human chro- 
mosome number of 35). 

Thus the selective elimination of hu- 
man chromosomes occurring in human- 
mouse somatic cell hybrids reflects fun- 
damental properties relative to the two 

species, while the culture history of the 

parent lines plays only a small part. To 
date the highest numbers of human 
chromosomes per hybrid cell occur in 
the HLE hybrids. Since (i) chromosome 
loss appears random, (ii) the average 
number of human chromosomes in 
some clones considerably exceeds 23, 
the number of haploid human chromo- 
somes, and since most parent cell func- 
tions are expressed in somatic cell hy- 
brids, most human gene products found 
in the human parent cell may be ex- 

pected to be present in the HLE hy- 
brids. For example, in contrast to the 
human-mouse hybrids reported earlier 
(2), which lack human gene products 
necessary for polio virus infection, the 
HILE hybrids are susceptible to this 
virus and may be used to identify hu- 
man chromosomes bearing cellular 
genes necessary for the infectious proc- 
ess. In addition, study of these hybrids 
has revealed an interesting problem 
with respect to the control of ribosomal 
RNA synthesis, which will be reported 
elsewhere. 
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and acid-labile o,-globulin which com- 

References and Notes 

1. B. Ephrussi, in Phenotypic Expression, M. N. 
Goldstein, Ed. (Williams and Wilkins, Balti- 
more, 1967), pp. 40-45. 

2. M. Weiss and H. Green, Proc. Nat. Acad. 
Sci. U.S. 58, 1104 (1967). 

3. Y. Matsuya, H. Green, C. Basilico, Nature 
220, 1199 (1968). 

4. M. Weiss, B. Ephrussi, L. J. Scaletta, Proc. 
Nat. Acad. Sci. U.S. 59, 1132 (1968). 

5. W. R. Earle, J. Nat. Cancer Isst. 4, 165 
(1943). 

6. G. J. Todaro and H. Green, J. Cell Biol. 17, 
299 (1963). 

7. S. Kit, D. R. Dubbs, L. J. Piekarski, T. C. 
Hsu, Exp. Cell Res. 31, 297 (1963). 

8. W. Szybalski, E. H. Szybalska, G. Ragni, in 
Analytical Cell Culture (Nat. Cancer Inst. 
Monogr. 7, 1962), pp. 75-87. 

9. J. W. Littlefield, Science 145, 709 (1964). 
10. K. H. Rothfels, E. B. Kupelwieser, R. C. 

Parker, in Canadian Cancer Conference: 
Proceedings (5th meeting at Honey Harbour) 
(Academic Press, New York, 1963), vol. 5, 
pp. 191-223. 

11. S. M. Gartler, in Decennial Review Confer- 
ence on Cell, Tissue, and Organ Culture (Nat. 
Cancer Inst. Monogr. 26, 1967), pp. 167-181. 

12. Supported by grant CA 06793 from the Na- 
tional Cancer Institute. 

*Present address: Research Institute for 
Tuberculosis, Leprosy, and Cancer, Tohoku 
University, Sendai, Japan. 

7 November 1968 

Human Serum Inhibitor of 
C'1 Esterase: Identity with 

a9-Neuraminoglycoprotein 
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purified C'] esterase inhibitor from hu- 
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tein from human plasma by immuno- 
futsion, immunoelectrophoresis, and 
discgel electrophoresis showed them to 
be antigenically identical. 

The esterase activity (C'1 esterase) 
associated with the first component of 
human complement can be blocked by 
a protein inhibitor in normal human 
serum (1). This inhibitor (EI) is a heat- 
and acid-labile o,-globulin which com- 

Fig. 1. Ouchterlony double diffusion ex- 
periment. Wells, cut in 0.5 percent (weight 
to volume) agarose, contained: top, C'1 
esterase inhibitor; bottom, a2-neuramino- 
glycoprotein; right, antiserum to C'1 ester- 
ase inhibitor; left, antiserum to whole 
human serum. Photographed after 26 
hours of diffusion at room temperature. 
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bines rapidly and stoichiometrically with 

purified C'1 esterase (2, 3). The highly 
purified EI contains about 12 percent 
hexose and 17 percent N-acetylneura- 
minic acid (4). These properties, togeth- 
er with its sedimentation constant and 

absorbancy (El'0c,n) were strikingly 
similar to those of a2-neuraminoglyco- 
protein (a2NGP) isolated by Schultze et 
al. from human plasma (5). This report 
presents immunologic and electropho- 
retic data which indicate that this inhib- 
itor and the glycoprotein are identical. 

The esterase inhibitor was isolated 
from serum in highly purified form (6), 
and a2NGP was purified from human 

plasma (5). The a,NGP preparation 
was 90 to 95 percent pure and con- 
tained a small amount of orosomucoid. 
Each protein was dissolved (4 mg/ml) 
in 0.005M sodium phosphate buffer, 
pH 6.7. Rabbit antiserum to EI was 

prepared by repeated injections of puri- 
fied EI into rabbits; the antiserum was 
made monospecific by absorption with 
serum from a patient with hereditary 
angioneurotic edema, a disease in which 
there is little or no circulating El (7). 
Horse antiserum to whole human serum 
was obtained from a commercial source. 

The esterase inhibitor and a2NGP 
reacted with rabbit antiserum to El to 
form a line of complete identity (Fig. 
1). A line of identity was also found 
with the horse antiserum to human 
serum. In addition, a second line was 
formed between a,NGP and horse anti- 
serum to human serum, indicating a 
small amount of impurity (orosomu- 
coid) in the former. 

Immunoelectrophoresis (8) of El 
and a,NGP against rabbit antiserum to 
El and horse antiserum to whole serum 
is shown in Fig. 2. Both El and a2NGP 
produced a single arc in the a2 position 
against monospecific rabbit antiserum 
to EI (Fig. 2a) and horse antiserum 
to whole human serum (Fig. 2b); 
further, a mixture of equal volumes of 
El and a,NGP also produced a single, 
somewhat less symmetrical arc in the 
same position (Fig. 2c). The EI con- 
centration in normal serum is probably 
too low to form a precipitate arc against 
the antiserum used (Fig. 2a). 

A comparison of the two protein 
preparations by analytical disc-gel elec- 
trophoresis (9) showed that, in 10 per- 
cent acrylamide gel, both El and a2GNP 
produced a similar broad band rela- 
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tively close to the top of the separating 
gel; the presence of a trace amount of 
orosomucoid in the a2NGP prepara- 
tion was demonstrable as a faint, more 
anodic band. The broadness of the ma- 
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Fig. 2. Tmmunoelectrophoresis. (a) Top 
well, C'l esterase inhibitor; center well, 
normal human serum; bottom well, a2- 

neuraminoglycoprotein. Troughs contain 
rabbit antiserum to C'l esterase inhibitor. 
(b) Top well, C'1 esterase inhibitor; center 
well, normal human serum; bottom well, 
a2-neuraminoglycoprotein. Troughs contain 
horse antiserum to normal human serum. 
(c) Top well, C'l esterase inhibitor; bottom 
well, a2-neuraminoglycoprotein; center 
well, mixture of equal volumes of samples 
used in top and bottom wells. Troughs 
contain rabbit antiserum to C'I esterase 
inhibitor. The anode is to the left. 

jor bands increased in gels of lower 
acrylamide concentration. 

Although a more rigorous chemical 
comparison is lacking, it appears from 
the immunochemical evidence that El 
and a,NGP are the same protein. The 
preparation of a2NGP was inactive in 

inhibiting C'1 esterase because of the 
acid conditions used in its isolation; the 

ability of El to inhibit C'1 esterase is 
also irreversibly destroyed below pH 
5.5 (2). 
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Cleveland, Ohio 44106 
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Mechanism and Prevention of Fixed 

High Vascular Resistance in 

Autografted and Allografted Lungs 

Abstract. The fixed vascular resist- 
ance observed in transplanted lungs and 
attributed to denervation can be avoided 
by angioplastic widening of the pul- 
monary artery anastomosis. With dis- 
tensible arterial anastomoses, auto- 
grafted and allografted lungs vasodilate 
normally with increased flow and can 
sustain dogs whose contralateral pul- 
monary artery is ligated immediately 
after lung transplantation. 

Transplantation of a lung with simul- 
taneous ligation of the opposite pul- 
monary artery has caused death of the 

recipient animal within a few days (1). 
Death has been attributed to fixed, in- 
creased intrinsic vascular resistance in 
the transplanted lung regarded as conse- 

quent to its denervation (1, 2). Forcing 
the transplant to accept the entire pul- 
monary blood flow has been thought 
to cause either fatal right heart fail- 
ure or pulmonary insufficiency second- 

ary to damage to the pulmonary micro- 
vasculature. In view of the fact that hu- 
man recipients of lung transplants will 
have vascular disease in the remaining 
lung, the ability of laboratory animals 
to survive transplantation of one lung 
and simultaneous ligation of the op- 
posite pulmonary artery is important in 

determining the feasibility of therapeu- 
tic lung transplantation. 

We studied five groups of six dogs 
each, before and after the right pul- 
monary artery (RPA) was ligated 
through a left thoracotomy. Group 1 

comprised normal control animals. In 
animals of group 2, a snug-fitting but 
not constricting cloth band was placed 
around the left pulmonary artery 
(LPA) before ligation of the RPA. In 
animals of group 3, the LPA, the left 
mainstem bronchus, and a cuff of the 
left atrium containing the left pulmo- 
nary veins were transected. The lung 
was then removed from the chest, per- 
fused with 300 ml of cold (4?C) Ring- 
er's lactate solution (U.S.P.) at a pres- 
sure of 25 cm-H20, and replaced in 
the chest. Vascular and bronchial con- 

tinuity was restored with fine, continu- 
ous, braided dacron sutures. Then the 
RPA was ligated. Lungs were ischemic 
for 50 to 70 minutes. In animals of 
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nary veins were transected. The lung 
was then removed from the chest, per- 
fused with 300 ml of cold (4?C) Ring- 
er's lactate solution (U.S.P.) at a pres- 
sure of 25 cm-H20, and replaced in 
the chest. Vascular and bronchial con- 

tinuity was restored with fine, continu- 
ous, braided dacron sutures. Then the 
RPA was ligated. Lungs were ischemic 
for 50 to 70 minutes. In animals of 

group 4, the left lungs were removed 
and replaced like those in group 3 ex- 

cept that the diameter of the pulmonary 
artery at the site of suture was in- 
creased by a patch of jugular vein 
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