
short-lived cultures from ~ ~ r e n c h y m a l  fr:ig- 
tnents of mouse mammary glarid released hy 
exposure to collagenase. The present studies 
employed glucose-potassium chloride-sodium 
chloride solution as diluen t for collagenase 
rather than Hanks' or other such phosphate- 
buffered solutions. becau.st~ the enzyme ha5 
heen rep  Irted unstable in  I)hosphate buffer 
( 11 ) . I'resent experience indicates that the 
commercial enzyme in stock solution is stored 
better a t  5-C' than frozen. and that best re- 
siilt. are obtained when enzyme solutions in 
GKK are prepared shortly before use. i l l -  
though Ijrior digestion of lung tissue with 

in often was advantaymus to red ucc 
erythrocyte contamination, n ~ l l  dispersed cell 
s us p en si on s were 1 1 re pa red w i t h c ol 1 a g e n a se 
alone. The purified bacterial enzyme as corn- 
niercially prepared may include sufficient 111-0- 

teolytic enzyme. i n  addition to collsgenase, to 
y x i r a t e  cells released from collali.en-cont~iiii- 
ing stroma. I-se of collayenase( 1 2 )  to re- 
leaie cells in  quantity from tic.suc Imrenchynia 
extensively interlaced with connective tissue 
can be expected to make available new cell 
types for diagnosis of viral infection. for wider 
stud!. of virus-host cell relationships. and for 
new sources of virus vaccine. ITse of the en- 
zyme makes available a convenient system for 
stud\, of swine influenza virus. in particular. 

.since Imrcine fetal lung together with a sup- 
lily of serum can be obtained from local abat- 
toirs, 

SZMZPZQTJ. Primary monolayer cultures of 
human. rabbit and porcine fetal and adult 
1 ung were prepared conveniently by dispersion 
of tissue with commercially available collage- 
nase in phosphate-free salt solution. 
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Maininalian Cell Cul tures  f o r  S tudy  of  Influenza Virus. 11, Virus 
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Cells easily dispersed from continuous cul- 
tures or from particular tissue sources such as 
kidney and amnion are the mainstay of cell 

* Aided by Grants from Fredrrica Beard Memorial 
Grant ior Cancer Research, Anl.  Cancer SOC., Nat 
Cancer Lnst., N.I.H., and The National Foundation 

t Predoctoral fcllow of Nat .  ('ancer Inst.. x.I.tr., 
I'.H.S. 

$ This work was done in partial fulfillment of re- 
quirements for Ph.D. degree in Bacteriology and 
Tnmunology, TJniv. of Minnesota. 

culture procedures for detection and assay of 
viruses and antibodies. For specific study of 
host-cell relationships, however, i t  is desirable 
to work with primary and/or continuous cul- 
tures of cell types known to be affected in 
zlioo. This  paper describes susceptibility to 
hiiman and swine influenza viruses of primary 
cultures of cells released from lung paren- 
chyma by treatment with collagenase. 

Materials und methods. Cultures of hu- 
man. rabbit and porcine lung, and whole por- 
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cine kidney for comparison, were prepared as 
previously described (paper 1 1. Virus SOUYCPS 

included 14th egg-passage Asian A influenza 
virus obtained from Dr. Marvin Field, Pfizer 
Laboratories, Terre Haute, Ind.; the PR-8 
strain of influenza A (T. Francis, Jr., pas- 
saged in ferrets 34x, mice 593x, eggs 1 6 . 5 ~ ) ~  
and Lee strain of influenza B, (both by pur- 
chase from the American Type Culture Cob 
lection, Washington, U.C.) passed 6 times in 
eggs before use; and swine influenza virus 
(#1976) kindly supplied by Dr. Morris 
Schaeff er, Communicable Disease Center, 
&!I on tgom ery , Ala . Virus s toclt s rep resented 
1 : 10 dilutions of lyophilized material (stored 
a t  -70°C') in Hanks' solution supplemented 
with 5% horse serum. Virus assays with cell 
cultures were performed by inoculation of .5 
culture tubes per 16-fold serial dilution and 
calculation of cytopathogenic 50% endpoints 
by the method of Reed and Muenchi 1 1 . For 
similar calculations of eyg infectivity titers 
( EID5,, j , allantoic sacs of 10-day ernbry- 
onated egqs were inoculated with 0.1 ml doses 
of virus dilutions; esqs were incubated at. 
35°C until infectivity was apparent or for a 
period not exceeding 96 hours. Hemagglu- 
tinatiiig potency of virus material was deter- 
mined by standard procedure (2). Propagated 
influenza viruses were identified by use of 
hyperimniune ferret serum (kindly supplied 
by Dr .  Morris Schaeffer) in the Salk(3) 
hemagglutination-inhibition pattern test. 

Results. T o  test susceptibility of primary 
human, rabbit arid porcine lung cultures, con- 
fluent monolayers were washed free of nutri- 
ent medium with Hanks' solu tion, and re-cov- 
ered with 0.9 ml of maintenance solution (4,s 1 
containing 5 % inactivated serum (homolo- 
gous for culture species and free of influenza 
virus antibody j and penicillin and streptomy- 
cin to final concentrations of 260 pg per ml. 
Prepared tube cultures were inoculated with 
0.1 ml of virus of known titer and incubated 
slanted and stationary a t  37°C. For serial 
virus passage, inoculated culture tubes were 
frozen and thawed consecutively 3 titnes by 
immersion in alcohol-dry ice mixture, and in- 
oculated into new cultures. Inoculated cul- 
t iires were passed when cytopathogenic dam- 

age affected 70-80F of each monolayer, or 
after 6-7 days of incubation i f  cell destruction 
was minor. Human lung cultures unequivo- 
cally propagated A and I3 human influenza 
viruses and virus hemagglutinins despite cu- 
mulative dilution of original inoculum to in- 
significance (Table I> .  All 3 human influenza 
viruses retained egg infectivity after 15 pas- 
sages in cell cultures. Contrariwise, infectious 
and hemagglutinating activity of swine influ- 
enza virus was lost rapidIy with control serial 
passage. C'ytopathogenic effect of the human 
influenza viruses on the human lung cells was 
minimal : peripheral rounding of monolayer 
cells, usually first observed 48-72 hours after 
virus inoculation, progressed for an additional 
48-72 hours, but no further (Fig. 1 ) .  Iden- 
tity of propagated human viruses was con- 
firmed by hemagglutination-inhi bition titers 
with specific antiserum (Table J ) . 

Yorcz'm udult and Jetul lung cultures propa- 
gated swine influenza virus and hemagglutinin 
to high titer through 20 serial passages (Table 
I)  despite theoretical extinction of original in- 
oculum. Although only low cytopathogenic 
titers and no hemagglutinins were recorded for 
4 strains of human influenza virus serially 
passed in pxcine lung cultures, evidence of 
propagation was substantiated by final har- 
vest of low-titer egg infectious virus. Results 
with influenza B virus were equivocal: mini- 
mal cytopathogenic effect persisted despite 
high cumulative dilution of original inoculum, 
but hemagglutinating activity was not. found 
after 15 passages and egg infectious virus was 
not detectable. In contrast to behavior of 
viruses in human lung cultures, cytopatho- 
genic effect of swine virus in swine lung cuI- 
tures was marked after 48 hours incubation 
a t  37°C (Fig. 2), and almost complete de- 
struction was seen after 72-96 hours. 

Rabbit l f m g  and p o ~ i n e  kidney cultures 
were uniformly unresponsive to blind passage 
of human influenza viruses. Porcine kidney 
cultures, prepared from nixed cortical and 
medullary tissue, propagated swine virus he- 
ma-gglutinin and yielded egg infectious virus 
after 1 5 passayes, although cytopathogenic 
effects were not seen. 

I)isru.ssinn. Far both epidemiologic and 
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fundamental studies of host-cell Lrirus rela- heterologou,s relationship (7,8,9), In these 
tionships. cultures of cells normallj. the target studies. hurnan and swine influenza viruses 
of in Z ~ Z W  infection are desirable. Although clearly multiplied in and were useftilly syto- 
poliovirus notably has been studied success- pathogenic for primary cultures of human and 
fully with cells not susceptible in vizio ( h )  ~ porcine lung, respectively. These findings 
other viruses including influenza viruses have emphasized the value of collagenase treatment 
not been i jo  easily propagable in culture5 of for dispersal of tissues held together hy 
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FIG. 1. Porcine lmig cells of priiiiary eiiltnre of coll~genase-dispersed tissue, 48 h+ after hi-  

FIG.  3. Hunian lung cells of primary culture of eollagcn;lst:-disperseil tissue, 96 h r  after jii- 

FIG.  3 .  Rabbit lung cells of primary cnltiire of collagenase-aispcrsed tissue, 6 days after iii- 

oculntioii of swine influenza virus. x 200. 

o(wla tioii of liiimm influenza virus. Peripheral cells are typically rounded. x 120. 

ociilation of swine influenza virus. X 120. 

fibrous stroma. Interestingly, specific host- ing antiserum. The relative susceptibility to 
cell virus relationships were disclosed. Swine influenza viruses of human and porcine lung 
influenza virus, for example, was propagated cultures, and presence of morphologicalIy 
readily in swine lung cells but not swine kid- recognizable epithelial elements, suggest that 
ney or human lung cells. The human Asian, collagenase-dispersal released parenchymal 
PR-8 and Lee viruses multiplied in human cells in large numbers. Although the same re- 
lung cultures, and appeared to multiply also sult might be expected for rabbit lung, it is 
in porcine lung cultures, although cytopatho- 
genic titers did not increase with serial pas- 
sage and hemagglutinins were lost finally. Al- 
though propagation of human viruses in por- 
cine lung cultures was of lesser magnitude 
(or equivocal in the case of Lee virus), it  was 
sufficient to merit further investigation. If 
human strains could be adapted to better 
growth in swine cells without loss of antigenic 
character, a non-primate cell culture source of 
virus for human vaccine might be made avail- 
able. Initial results with swine virus and por- 
cine lung; cultures are adequate to indicate 
that adult or fetal collagenase-dispersed lung 
should be useful for detection and propaga- 
tion of this virus. The system appeared sus- 
ceptible to quantitation because plaque forma- 

not apparent whether the complete insuscepti- 
bility of collagenase-dispersed rabbit lung cul- 
tures to influenza viruses (Fig. 3 )  should be 
attributed to species or cell type. 

Szmzmary. Collagenase-dispersed human 
and porcine lung cells in primary culture un- 
equivocally propagated human strains A and 
B, and swine influenza viruses, respectively. 
Swine lung cells also propagated human in- 
fluenza A viruses to some extent. Swine virus 
infection destroyed, and human virus infection 
less severely damaged porcine and human 
lung cells respectively. Rabbit lung cells were 
insusceptible to human and swine influenza 
viruses. Swine kidney cells propagated egg- 
infectious swine influenza virus and hemagglu- 
tinin without cytopathogenic effect. 

tion was seen in infected monolayers, even 
without agar overlay. Although cytopatho- 
genic effect of human influenza viruses on hu- 
man liing cells was much less severe than that 
of swine virus on swine lung cells, the former 
as well as the later was neutralized speci- 
fically by diaznostic hemagglutination-inhibit- 
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Metabolisiii of Acid ~Iucopolysacchat-ides of Rabbits with Serum Sickness.* 
24820 1 

The clinical tlescril)tion of serum sickties 
by \*on T'iryuet antl Schick ( 1 ) , aroused con- 
siderable interest. Alore recently, Gregcqr 
and liich(2 ) demonstrated that serum sic.1;- 
ness can lie produced readily in ra1)hits ancl 
can Ferve as a useful e.rl)eriniental model to  
i.tudy phenomena of hypersensitivity. In 
itudiei; with rabbitsq lesion\ of connecti\re ti+ 
sue structures are observed. similar to thow 
associated with the grou!, of diffuse tliseawh 
of human connective tissue. as lesions ass( )- 
ciated with polyarteritis nodosa. One factor 
that seeins common to the hunian diseases. e\- 
perimental serum bit. kne+. ant1 related hylwr- 
sensitivity states is the siiiiilar pathologic i n -  
volvement of matrix o r  ground substance c1E 

connective tissue. This similarity is the basis 
for considering an etiologic relation between 
hypersen<itivity and tliseaw of connecti\y 
tissue. A\lthough such relation remains to tw 
established, the inflammatory response ( I f  
components of connective tissue to disease clue 
to hypersensitivity is provocative. For pur- 
poses of studying this inflammatory response, 
biochemical technics were used to investigate 
components of the matrix of connective tissue, 
The effect of serum sickness on acid muco- 
polysaccharides (MPS) of skin and cartilage 
of rabbits was observed. 

Methods crnd muterials. Six groups of 4 to 
6 rabbits, each of approsimately 2.6 kg 
weight, were studied. The rabbits were o i -  
Fered water and laboratorj- chow freely. Se- 
rum sickness was induced in one-half or niurt-x 
of each group by 2 intravenous injections of 

*Supported by grants from Am. Heart Assn. and 
~ _ - ~  _____I_-._p__ ~ ~~ ~- 

h a t .  Heart Inst. 

horse serum (10 ml kgj given 2 weeks apart 
( 3 ) .  From each group 2 rabbits were se- 
lected: one demonstrating most clinical evi- 
dence of serum sickness, judged by sedimenta- 
tion rates and changes in weight, was matched 
;tlq,rosimately by weight- with a normal rab- 
] ) i t .  Rabbits were sacrificed 6 days after sec- 
ond injection of horse serum, when maximal 
lesions from seruni sickness are expected (3 1 . 
I.;xamination of gross and histologic sectionsf 
confirmed the presence of pathologic lesions 
of serum sickness. During period of observa- 
tion after second injection of horse serum to 
sick animals, the pair selected from each group 
(one  aninial with serum sickness and its con- 
t rol)  received subcutaneous injections (50 
pc) of c ' I 4  carboxyl-labeled sodium acetate$ 
i n  0.15 M solution 3 times a day. One series 
of 3 pairs received the isotope for 3 days (450 
p c )  antl another 3 pairs for 5 days (750 pc) 
I d o r e  sacrifice. Timing of administration of 
labeled acetate was chosen for comparison 
with other observations in normal animals(4). 
hWS, hyaluronic acid and chondroitin sulfate, 
were isolated from skins of rabbits by methods 
previously described ( 5)  and chondroitin sul- 
fate was isolated from cartilage( 6) obtained 
from various sites of body, such as ears, tra- 
chea and sternal cartilages. The amount of 
IMPS isolated was determined by weighing or 
estimated from solutions by w o n k  acid deter- 

+ The author appreciates these examinations by 
l j r .  E.  P. Henditt, ITniv. of Chicago and Dr. H. C, 
McGill, Louisiana State Univ. School of Med. 
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