
and the selectable marker Ew~pt .  The meta- 
static potential of these lines requires further 
examination in the presence of E la  expres- 
sion. 

Another exdanation for the difference in 
metastatic potential observed between one- 
and two-gene transformants is that different 
populations of rat embryo cells are trans- 
formed by the rm gene alone, unlike the 
situation when rm is cotransfected with Ela. 
It is possible that only a small subset of the 
heterogeneous mixture of rat embryo cells is 
susceptible to transformation by the rm onco- 
gene alone. This subset of cells may also be 
predisposed toward the metastatic phenotype. 
Single gene-transformed cell lines show nor- 
mal diploid karyotypes (20), suggesting that 
gross chromosomal abnormalities or rear- 
rangements are not a feature of cell types that 
are susceptible to transformation by the rm 
oncogen; alone. When two cooperating on- 
cogenes are cotransfected, the increase in the 
frequency of morphological transformation 
could be the result of transformation of a 
broader spectrum of embryo cell types. Cell 
types predisposed to metastasis should be 
present in the population of cells transformed 
by rm and Ela, but the percentage of such 
cells would be low (21 ) . 

NIH3T3 cells transformed by the rm onco- 
gene are metastatic in nude mice (22). We 
have demonstrated that the rm oncogene can 
transform early passage rat embryo cells into 
tumorigenic cells that are hlghly metastatic in 
an immunodeficient animal. Thus, normal 
cells with a limited potential for growth in 
culture have become established have been 
transformed, and have acquired metastatic 
potential apparently through the action of a 
single oncogene. Although the rm oncogene 
can induce morphological transformation, we 
do not yet know whether rm confers or 
induces ;he properties of establishment and 
metastasis or whether they are present in the 
recipient cell. 

- - - 
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Diverse Gene Expression for Isotypes of Murine Serum 
Amyloid A Protein During Acute Phase Reaction 

Serum amyloid A protein (SAA) is a precursor for a major component of amyloid 
fibrils, which, upon deposition, cause secondary amyloidosis in diseases such as 
rheumatoid arthritis. In mice, SAA is encoded by at least three genes, which show 
diverse expression during inflammation. Furthermore, in amyloidosis-resistant SJL 
mice, the gene expression for one SAA isotype, SAA2, is defective, although SAA2 
gene expression is normal in amyloidosis-susceptible BALBlc mice. Because only 
SAA2-derived products deposit in mouse amyloid tissues, the resistance of SJL mice to 
amyloidosis seems to be due to defective SAA2 gene expression. Thus, the study 
emphasizes the importance of SAA gene structure in determining susceptibility to 
amyloidosis. 

S ECONDARY AMYLOIDOSIS, A SERIOUS 

complication of chronic inflammatory 
diseases such as rheumatoid arthritis, 

juvenile arthritis, and ankylosing spondyli- 
tis, is caused by the formation in tissues of 
amyloid fibrils. The major component of 
amyloid fibrils is derived from serum amy- 
loid A protein (SAA). SAA is the most 
prominent acute phase reactant, and high 
SAA concentrations are frequently found in 
various inflammatory diseases, thus predis- 
posing the patient to amyloid deposition 
(1). However, the normal physiological 
function of SAA is not known, although 
SAA may bind to a lipopolysaccharide por- 
tion of bacterial cell walls and may function 
in clearance of bacteria (2). We have recently 
isolated and characterized complementary 
DNA (cDNA) clones encoding two major 
SAA isotypes of BALBtc mice-SAAl 
[11.75 kilodalton (kD)] and SAA2 (11.65 
kD)-which show a 95 percent homology 
in their cDNA sequences (3). We report 
here that the mouse genome contains at least 
three SAA genes and that, while the SAAl 
and SAA2 genes are expressed at high levels 
during acute phase reactions, the gene for 
the third SAA isotype (SAA3) is expressed 
only at a very low level. We further show 

that the SAA2 gene expression is meager in 
SJL mice. Since only the SAA2-derived 
product is deposited in mouse amyloid tis- 
sues (4), the resistance of SJL mice to 
azocasein-induced amyloidosis is probably 
due to defective SAA2 gene expression. 

Mouse SAA2 cDNA was used to screen 
the BALBIc mouse Hae I11 genomic library 
in phage Charon 4A (5) ,  and four positive 
phage clones were isolated. On the basis of 
their hybridization with the SAA2- and 
SAAl-specific synthetic oligonucleotide 
probes (Fig. lA), the two clones h5-12 and 
h39-2 were identified as carrying the SAA2 
and SAAl genes, respectively (Fig. 2). In 
addition, while the A5-12 clone contained a 
Xho I site 250 base pairs (bp) downstream 
of the Eco RI site within the SAA2 coding 
region, the h39-2 clone contained a Stu I 
site near the Eco RI site in the SAAl coding 
region: these restriction sites are unique to 
the SAA2 and SAAl cDNA's, respectively 
(3). To  define a possible linkage of the 
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Fig. 1. (A) Base sequences A 
of synthetic oligonucleotide 
probes. SAA probcs 1, 2, S A A  rnRNA 

and 3 are complementary to 

mRNA (3). Base differences 
are underlined. (B) Norrh- 

.5 3q 

SAA1, SAA2, and SAA3 S A A  probe 1  ~ ' - A G T A A A C A A G T G C T C C G A - ~ '  

em blot analysis with syn- S A A  probe 2  ~ ' - A G T A A A ~ A A ~ ~ ~ C T C C O A - ~ '  
thetic oligonucleotide 
probcs specific for SAA1, S A A  Probe 3  3'-0f 5 A A E I A  GI T I C  T I C  G A - 5 '  
SAM, and SAA3 mRNA. 
Polyadenylated RNA was 
prepared from liver of nor- 1 2 3 4 6 9  1 2 3 4 6 6  1 2 3 4 6 9  
ma1 mice or mice given an intraperito- - - 
neal injection of LI'S (50 kg) 24 hours * 
before RNA preparation (15). Samplcs 
(7.5 pg) nerc sixd on a denaturing 1 . 
percent agarose gel, blotted onto a 
nitrocellulose filter ( l b ) ,  and hybrid- 
i x d  with radioactive synthetic probes .) . . , . 
at 50°C for 16 hours. The filters were 
u.ashed twice at room temperature and 
once at 50°C for 5 minutes with 
6 x  SSC, and autoradiographed at 
-70°C. RNA samples are from normal 
RALBIc (lane l),  SJL (lane 3), and 
Swiss (lane 5) mice and from LPS- 
stimulated RALRIc (lane 21, SJL (lane S A A  probe 1  S A A  probe 2  S A A  p r o b e  3  
4), and Swiss (lane 6) mice. 

SAAl and SAA2 genes, a 300-bp probe 
(probe C in Fig. 2) was prepared tiom the 
5' end of the AS-12 clone and was used in 
hybridization with the A39-2 clone. The 5' 
end of the AS-12 clone hybridized to the 3' 
end of the A39-2 clone, thus establishing 
that the SAAl and SAA2 genes are directly 
adjacent in divergent transcriptional orienta- 
tion (Fig. l) .  The other two overlapping 
clones, A1-7 and A42-12, hybridized with an 
SAA2 cDNA probe only under conditions 
of low stringency, but were effectively hy- 
bridized with the SAA3 specific synthetic 
oligonucleotide probe (Fig. 1A). The SAA3 
cDNA done was originally isolated by Mor- 
row et al. (6) and has a 70 to 72 percent 
nucleotide sequence homology with SAAl 
and SAA2 cDNA in the coding regions (3, 
7). The corresponding genomic clone was 
also isolated and characterized: in Southern 
blot analysis with an SAA3 cDNA probe the 

clone gave single hybridizing fragments 
upon being digested with Eco RI (7.1 kb), 
Hind I11 (8.2 kb), Bam HI (2.9 kb), Xba I 
(1.1 kb), and Bgl I1 (4.4 kb), respectively 
(7). Comparison of these data with the 
restriction map (Fig. 2) constructed from 
the inserts of the Al-7 and and A42-12 
clones confirms that these two clones con- 
tain the SAA3 gene. 

To study further the organization of the 
SAA gene in the mouse chromosomal DNA, 
we carried out Southern blot analysis of liver 
DNA from BALB/c mice with a 3.4-kb Xba 
I fragment from the SAA2 genomic clone 
(probe A in Fig. 2) and a 1.1-kb Xba I 
fragment from the SAA3 genomic done 
(probe B in Fig. 2) as hybridization probes. 
As shown in Fig. 3, lane A, probe A hybrid- 
ized to two genomic fragments in Southern 
blots made with four different restriction 
enzymes (Eco RI, Bam HI, Bgl 11, Sac I): 

two bands were also observed in Southern 
blots of Bcl I and Kpn I digested DNA. In 
each case, one of two fragments hybridized 
with probe A (3-kb Eco RI, 6.1-kb Bam- 
HI, 3.9-kb Bgl 11, and 7.8-kb Sac I frag- 
ments) had the fragment length characteris- 
tic of the SAA2 gene; the other fragments 
(6.2-kb Eco RI, 10.5-kb Bam HI, 8.8-kb 
Bgl 11, and 4.2-kb Sac I fragments) were 
thought to be derived from the SAAl gene 
(Fig. 2) (Bgl I1 sites are not shown). The 
hybridization signals were removed by boil- 
ing the nitrocellulose filter for 5 minutes in 
10 nM ms-1 rnM EDTA (pH 8.0), and the 
filter was rehybridized with probe B. The 
resulting autoradiogram (Fig. 3, lane B) 
showed that only single fragments were 
visible in blots made with several restriction 
enzymes: the size of these fragments were as 
expected from the restriction map for the 
SAA3 genes (Fig. 2). (Weak hybridization 
of probe B to the SAAl or SAA2 genomic 
fragments was observed in some blots.) We 
have also analyzed the SJL mouse genomic 
DNA and found that probe A hybridized to 
two genomic fragments in Southern blots 
and probe B to single fragments, though the 
length of the restriction fragment is poly- 
morphous (8). Southern blot hybridization 
was also carried out in low-stringency condi- 
tions [standard saline citrate (SSC) at 50°C] 
to examine the possibility that other distant- 
ly related SAA genes might be present: an 
identical hybridization pattern was obtained 
except that very weak hybridization of both 
probes to a 4.6-kb fragment was observed in 
some blots made with Eco RI (9). A similar 
hybridization pattern was reported by Tay- 
lor and Row (8) who used SAA3 cDNA (6) 
as a probe. Thus, these results indicate that 
the mouse SAA is encoded by at least three 
genes speufic for SAA1, SAA2, and SAA3. 

In screening about 16,000 recombinants 
fiom a liver cDNA library of lipopolysaccha- 
ride (LPS)-stimulated BALBIc mice with a 
540-bp Bgl 11-Xho I fragment from mouse 

Fig. 2. Resmction maps of - 1 kb  

the mouse gnomic clones 
containing SAA1, SAA2, Probe C Probe A  - 
andSAA3 genes. The tenta- B  S  E  E S H  HS E  E  H  8 B  ESIS E  B E  B  H  E S I S H S I H E  H'B 
tive 5' and 3' ends (i) for the -4 SAA2 
SAAl and SAA2 eenes were C 

determined f h ~ % ~ b r i d i z a -  X ~ Q - 2  I 

tion with a full-length SAA2 8 x 5 - 1 2  4 

cDNA (3) and detailed re- 
striction mapping and (ii) 
for the SAA3 gene, from 
hybridization with SAA2 
cDNA and the results by Stearman ct ul. 
(7). Orientation of gene transcription indi- Probe 8 
wed by arrows was determined by hybrid- - 
ization with cDNA probes specific for 5' BSE B E  B  B  B H S  E  HSIB EIH SB B  
and 3' ends. The regions covered by the 

I I I I1 

probes arc indicated by bars. Restriction - 
e m y ~ ~ ~ e s :  E, ECO M; B, B m  HI; H, Hind I a 4 2 - 1 2  I 

IU; and S, Sac I. XI-? 8 
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Fig. 3. Southern blot anal- 
ysis of BALBk mouse ge- 
nomic DNA with the 
SAA2 (probe A in Fig. 2) 
and SAA3 (probe B in 
Fig. 2) genomic probes. 
BALBlc mouse liver DNA 
(2 I L ~ )  (lqr) , digested 
to compleuon wth restric- 
tion enzymes, sized on 0.8 
F a t  agarosc g e h  
transferred to a nitrocellu- 
lose filter (19), and hy- 
bridized with radioactive 
probes (labeled by nick 
translation). The filters 
were washed two times at 
room temperature with 
0 . W  NaCl and 0.03M so- 
dium citrate (2 x SSC) and t .  times at 65°C fbr 20 minutes with 0.1 x SSC and 0.1 percent sodium 
dodecyl sulfate (SDS) and subjected to autoradiography at -70°C. Blotr hybridized with probes A and 
B arc indicated by A and B. 

SAA2 cDNA used as a probe, we could 
identify 8 SAAl and 25 SAA2 D N A  
clones, but no SAA3 D N A  done. (Colony 
hybridization was performed under condi- 
tions of low stringency.) The SAA3 gene 
thus seems to be expressed only at a low 
level during acute phase reaction. To further 
study the degree of expression of the genes 
for SAA1, SAA2, and SAA3, we have syn- 
thesized 18 b l o n g  oligonucleotide 
probes (10) complementary to the region 
where the SAA1, SAA2, and SAA3 cDNA 
sequences diverge (Fig. 1A) (3). The oligo- 
nucleotide probes were labeled at the 5' end 
with T4 polynucleotide kinase in the pres- 
ence of adeno~ine-[~-~~P] aiphosphate (1 1) 
and used as lybridization probes in North- 
em blotting experiments: The specificity of 
these probes was established in Southern 
blots analysis of DNA's from SAAl DNA, 
SAA2 cDNA, and SAA3 genomic clones. 
The SAA1- and SAA2-specific probes 
strongly hybridized to liver RNA fiom LPS- 
stimulated BALBIc mice, though none of 
these probes hybridized si@cantly to 
RNA fkom normal mouse (Fig. 3B). By 
contrast, the SAA3-specific probe hybrid- 
ized only weakly to RNA from LPS-stimu- 
l a d  mouse. Essentially the same pattern of 
RNA hybridization was observed in blots of 
RNA fiom LPS-stimulated Swiss mice. 
However, in SJL mice, the SAA2-s@c 
probe showed only weak hybridization to 
LPS-induced RNA, though the SAAl-spe- 
cific probe hybridized to LPS-induced RNA 
of SJL mice as strongly as to those of 
BALBIc and Swiss mice. These results were 
M e r  confirmed by the results of in vitro 
translation of liver messenger R N A  
(rnRNA) from LPS-stimulated mice (Fig. 
4). As reported prrviously (3), mRNA from 
LPS-stimulated BALBlc and Swiss mice di- 
rected the synthesis of large quantities of 
two polypeptides with molecular weights of 
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12.8 and 12.5 kD comsponding to pre- 
SAAl and pre-SAA2, respectively. Al- 
though the SAA2 band seems lo be more 
intense than the SAAl band, pre-SAA2 and 
pre-SMl contain four and three methio- 
nine residues, respectively (3). By contrast, 
in translation of mRNA fiom LPS-stimulat- 
ed SJL mice, the intensity of the SAA2 band 
reduced substantially, though the intensity 
of the S M l  band was comparable to those 
in BALBlc and Swiss mice. These results 
indicate that during acute phase reaction 
both the SAAl and SAA2 genes are ex- 
pressed at high levels in BALBlc and Swiss 
mice (though SAA3 gene expression is bare- 
ly detectable) and that in SJL mice SAA2 
gene expression is very low. One implication 
of these findings fbr amyloidogenesis is that 
the d d  expression of the SAA2 gene 

Fig. 4. SDS-polyaaylamide gel clecaophoretic 
analysis of d-free translation products of liver 
mRNA from normal (-) and LPS-stimulated (+) 
mice. Polyadenylated RNA was translated in a 
wheat germ system (Bethesda Rcsearch Labon- 
tories) in the presence of [35S]mcthionine, and 
translation products were analyzed on 13 percent 
slab gels containing 6M urea (1 7). 

in SJL mice is related to the resistance of 
these mice to azocasein-induced amyloidosis 
(12), since only SAA2-derived products are 
fbund in amyloid tissues (4). However, the 
possibility that the resistance to amyloidosis 
is due to dotypic substimtions in the SAA2 
coding sequence cannot be completely ruled 
out in the absence of data on the SAA2 
cDNA sequence in SJL mice. 

The presence of more than one form of 
SAA has also been recognized in other 
mammals including humans (2, 13). Fur- 
thermore, there is evidence for the diverse 
expression of SAA isotypes in individual 
rabbits during acute phase reaction (2). 
Therefore, it is of interest to examine wheth- 
er the expression of human SAA isotypes 
also shows individual variation in various 
disease states. Such variation would play a 
critical role in amyloidogenesis, though it is 
not known whether one human SAA iso- 
type is more amyloidogenic (I) than others 
as in mouse isotypes. Smdy of the recently 
isolated cDNA and genomic clones fbr hu- 
man SAA (14) would shed light on these 
problems. 
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