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We have previously ident i f ied peripheral subcutaneous t issue as a bonafide site of pr imary 
renin expression in the mouse fetus by virtue of oncogene mediated tumor igenesis in transgenic 
mice. In this report  we demonstrate that the murine renin genes are dif ferential ly expressed in 
this tissue. Through selective breeding and differential pr imer extension we demonstrate that 
Ren-1 d and Ren-1 c transcripts were several fold more abundant than Ren-2. Renin transcripts 
were also ident i f ied in fetal subcutaneous tissues of Spontaneously Hypertensive (SHR) and Wistar 
Kyoto (WKY) rats. We conclude from these studies that expression of renin dur ing fetal 
development  may be widespread in rodents wi th its temporal  and spatial localization consistent 
wi th a role in fetal development.  © 1990 Academic Press, Inc. 

The renin genes of inbred mice are commonly identi f ied by the nomenclature Ren-1 c, for 

the Ren-1 allele in strains of mice containing a single renin gene, and Ren-1 d and Ren-2, for the 

Ren-1 allele and the dupl icated locus, respectively, in strains of mice containing two renin genes. 

Although each gene contr ibutes equally to transcripts present in the kidney (1), the classical site 

of renin synthesis, each gene exhibits a compl icated pattern of dif ferential expression at a number 

of extra-renal sites (1-4). 

We have previously descr ibed the construction of transgenic mice containing a transgene 

consist ing of a renin regulatory region fused to the SV40 T antigen oncogene (5,6). Expression 

of the transgene mRNA and the resultant oncoprotein was shown to be expressed in a tissue- and 

cel l-specif ic manner appropriate for a renin gene (6). These transgenic mice developed 

neoplasms in the subcutaneous tissue, the RNA from which was shown to contain renin mRNA (5). 

Furthermore, renin transcripts were shown by northern hybridization in fetal subcutaneous tissue 

from non-transgenic mice identi fying this tissue as a site of pr imary renin expression during 

normal mouse development.  

The differential expression of the mouse renin genes in many extra-renal t issues (1-4) 

prompted us to examine the relative contr ibut ion of each of the mouse renin genes in 

subcutaneous tissue. We also examined whether this expression pattern was unique to mouse 

or was also present in rat. Herein we demonstrate the differential expression of the murine renin 

genes in subcutaneous t issue and the presence of renin transcripts in subcutaneous t issue of fetal 

rats. 
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MATERIALS & METHODS 

Product ion and Analysis of Transgenic mice: Construction of the renin promoter-T antigen 
transgene and product ion of transgenic mice has been previously descr ibed (5,6). Transgenic 
mice were constructed on a genet ic background containing the Ren-1 c gene. In order  to obtain 
transgenic mice on a genet ic background containing Ren-1 d and Ren-2, the Ren-1 c transgenic 
mice were bred to DBA/2J mice for two successive generations. The genet ic consti tut ion at the 
renin locus of the resultant mice was examined by Southern blot analysis. A Pvull restr ict ion 
f ragment length polymorphism (RFLP) was used to dif ferentiate between the three genes as 
previously descr ibed (7). DNA was isolated f rom tail biopsies and Southern blots were per formed 
as previously descr ibed (8,9). A Ren-2 cDNA clone (10) which detects all three renin genes was 
used as a probe. 

RNA was pur i f ied from tumor  t issues as descr ibed (11). Differential pr imer  extension 
reactions were per formed to dif ferentiate between Ren-1 and Ren-2 transcripts as previously 
descr ibed (1,5). 
Analysis of Renin mRNA in Fetal Rats: Staged pregnant SHR and WKY rats were obtained from 
Harlan Sprague-Dawley. Pregnancies were terminated at 15.5 and 18.5 days post coitum. 
Individual fetuses were decapitated, complete ly eviscerated and washed to remove contaminating 
viscera. RNA was puri f ied f rom the resultant carcasses as previously descr ibed (5). Northern 
blots containing 100 ~ g  of total RNA were probed with a human renin cDNA which hybridizes to 
mouse, rat and human renin mRNAs (data not shown). Correctly sized messages were ident i f ied 
by co-migrat ion wi th kidney RNA from a CD-1 rat. 

RESULTS 

In order to determine if the mouse renin genes are dif ferential ly expressed in 

subcutaneous tissue, transgenic mice containing only the Ren-1 c gene were bred for two 

successive generat ions to DBA/2Ros mice containing the Ren-ld and Ren-2 genes. The mice from 

the first generation were all F1 wi th respect to the renin loci on chromosome 1. However, these 

chromosomes randomly assorted in the second backcross result ing in two populat ions of mice 

wi th respect to chromosome 1, those containing either all three genes each in a single copy 

(which were not examined since our pr imer  extension assay could not dif ferentiate between the 

Ren-1 alleles), or containing only the DBA renin genes each in two copies (Table 1). 

TABLE 1 
SUMMARY OF MICE USED IN THIS STUDY 

RENIN SUBCUTANEOUS ~ 
MOUSE Tg GENOTYPE TUMORS EXAMINED 

Tg(BCF) X BCF 

820/1 + Ren-1 ¢ Tumor E 

1641/1 

Tg(BCF) x DBA/2ROS (FIRST BACKCROSS) 

+ Ren-lC,Ren-lU,Ren-2 N/A 

1641/1 X DBA/2ROS (SECOND BACKCROSS) 
1836/1 + Ren-lC,Ren-ld,Ren-2 
1836/2 Ren-lC.Ren-ld,Ren-2 
1848/1 + Ren-ld,Ren-2 
1848/2 + Ren-lC,Ren-l~,Ren-2 
1848/3 Ren-lC,Ren-l~,Ren-2 
1849/1 + Ren-ld,Ren-2 
1849/2 Ren-ld,Ren-2 

N/A 
NO TUMORS 

Tumors A,B,C 
N/A 

NO TUMORS 
Tumor D 

NO TUMORS 

~<same tumor nomenclature is used in Figure 2. 
N/A, tumors were not assayed, incorrect genotype. 
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Mice f rom the second backcross were  examined for thei r  renin gene const i tut ion by 

Southern blot  analysis of DNA isolated f rom tail biopsies. Figure 1 shows the results of this 

analysis. The ident i ty  of the speci f ic bands are given and can be compared to the control  lanes 

conta in ing only  Ren-1 c (B), both Ren-1 d and Ren-2 (D) or all three genes (F1). The parental F 1 

mouse f rom the f irst generat ion backcross (P) contains all three renin genes as expected.  Four 

of fspr ing f rom the second backcross are shown in Figure 1. Since the t ransgene is in tegrated into 

a single chromosomal  site per  d ip lo id  genome only 50% of the of fspr ing wi l l  be t ransgenic.  The 

presence of the t ransgene was assayed separately by dot  blot  hybr id izat ion using the t ransgene 

as a probe (data not shown). In addit ion, the probabi l i ty  of achiev ing a genet ic  const i tut ion 

homozygous for the DBA renin al leles in the second backcross is 50%. Therefore,  since the 

t ransgene is not in tegrated into chromosome 1, the overal l  f requency  of obta in ing t ransgenic mice 

on the des i red genet ic  background is 25%. As summar ized in Table 1, two  t ransgenic mice 

conta in ing Ren-1 d and Ren-2 but  not Ren-1 c (1848/1 and 1849/1) were  obta ined f rom a total of 

seven second backcross mice. 

The level of renin mRNA in eviscerated fetuses is be low the threshold of detec t ion by our 

pr imer  extension assay making a d i rect  assessment of the ratio of Ren-1 to Ren-2 transcr ipts 

dif f icult.  Therefore,  we chose to examine the T ant igen- induced subcutaneous tumors  which 

arose in adul t  mice. These tumors are c lonal ly  der ived and therefore typ i fy  the express ion pattern 

of a single cell. Four subcutaneous tumors (A-D) were  recovered f rom two  t ransgenic mice 

+ + - -I- P B D F t 

Tg + Tg + 

Ren- [  d + RRn-2 Ren- f  c 

A B C D E F~ DBA 

Q ® 
Figure 1. Southern blot analysis of backcrossed transgenic mice. 
DNA was isolated from tail biopsies, digested with Pvull and electrophoresed through 0.8% 
agarose. The blot was probed with a Ren-2 cDNA. Different renin genes and Ren-1 alleles were 
identified on the basis of size as previously described (7). +, transgenics; -, negative littermates; 
P, parental F 1 transgenic; B, C57BL/6 which contains only Ren-lC; D, DBA/2Ros which contains 
Ren-1 d and Ren-2; F 1, C57BL/6 X DBA/2Ros mice. Transgenic mice were identified by dot blot 
hybridization using the transgene as a probe (data not shown). 

Rgure 2. Primer extension of subcutaneous tumor RNA from backcrossed transcjenic mice. 
RNA was isolated from subcutaneous tumors and subjected to differential primer extension to 
assess the relative contribution of Ren-1 and Ren-2 transcripts. A-D, four independent 
subcutaneous tumors from transgenic mice (see Table 1). E, subcutaneous tumor from a 
transgenic mice containing only Ren-1 c (see Table 1). DBA, DBA/2Ros kidney RNA; F1, kidney RNA 
from C57BL/6 X DBA/2Ros F 1 mice. 
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containing the DBA/2Ros renin alleles (Table 1) all of which expressed renin and contained 

correct ly processed ful l  length renin transcripts (data not shown). Our breeding scheme al lowed 

us to f ix the Ren-1 d allele (and the Ren-2 gene) so that differential pr imer  extension could be 

appl ied to examine the relative contr ibut ion of the renin loci to the renin transcripts within the 

tumor samples. Figure 2 shows the results of this pr imer  extension analysis. The control kidney 

sample f rom DBA mice or F 1 mice contains both species of renin transcripts. As expected the 

relative proport ion of Ren-2 transcripts is less in the F1 mice since all three renin genes are 

equally expressed in the kidney and the Ren-1 band is a mixture of both Ren-1 alleles. The RNA 

from the subcutaneous tumor (tumor E) arising in mice containing only the Ren-1 c gene (820/1, 

Table 1) contained only the Ren-1 band demonstrat ing the f idel i ty of our assay. An analysis of 

subcutaneous tumors A-D (Table 1) revealed the presence of both Ren-1 and Ren-2 transcripts. 

However, the level of Ren-1 transcripts was in great excess (10 fold) over Ren-2 transcripts in 3 

of the 4 samples. In the other sample, the Ren-1 transcripts were approximately 3-fold over 

represented as compared to the Ren-2 transcripts. These results suggest that Ren-1 d is 

expressed from 3- to 10-fold greater than Ren-2 in subcutaneous tissue. That one tumor  sample 

contained relatively higher Ren-2 levels suggests some heterogeneity in the populat ion of renin 

expressing cells in subcutaneous tissue. The level of total renin transcripts in tumors from mice 

containing Ren-1 d and Ren-2 was roughly equal to tumors containing only Ren-1 c (Figure 2, and 

data not shown) suggest ing that both Ren-1 d and Ren-1 c are equivalent ly expressed. 

With the identi f icat ion of renin transcripts in fetal subcutaneous t issue it became important 

to address whether  this f inding was unique to the mouse. Therefore, fetal rats were obtained from 

t imed pregnancies and were sacrif iced at 15.5 and 18.5 days post coitum. SHR and WKY fetal rats 

were obtained at both stages of development  and eviscerated as previously descr ibed (5). RNA 

was pur i f ied f rom the resultant carcasses and was analyzed by northern blot hybridization. As 

shown in Figure 3, renin transcripts were easily detected in the control k idney samples but not 

in 100 ~Lg of l iver or submandibular gland RNA consistent wi th the t ropism of the rat renin gene 

and demonstrat ing the accuracy of our northern blots. Renin transcripts as ident i f ied by co- 

CD-I 
15.5 45.5 ;8.5 (8.5 
SHR WKY SHR WKY KID. 

i i , I I L S  2 0 5  I I I  I I |  | 

- Renin 

Figure 3. Renin mRNA in fetal rat subcutaneous tissue. 
100 ~g of RNA from eviscerated rat fetuses at two developmental stages was assayed for renin 
expression as described in Materials and Methods. L 100 L£g rat liver RNA; S, 100 ~g rat 
submandibular gland RNA. Kid., rat kidney RHA in the indicated amounts (20 and 5 ~g). Fetal 
tissues were obtained from SHR and WKY rats, and adult tissues were obtained from a CD-1 rat. 
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migrat ion wi th the control k idney transcripts were clearly visible in the 15.5 days post coi tum 

carcasses but not in the 18.5 days post coitum carcasses. This result conf i rms our previous 

observation of renin mRNA in fetal mouse carcasses. However, it appears that the mouse and rat 

renin genes may fo l low sl ightly di f ferent temporal  expression patterns since transcripts were stil l 

detected in carcasses of newborn mice (5). 

DISCUSSION 

The presence of renin transcripts in the subcutaneous t issues of the mouse has recently 

become evident through specif ical ly targeted oncogene mediated tumor igenesis in transgenic 

mice (5). Mice containing a transgene consist ing of 4.6 Kb of the Ren-2 5' f lanking region, which 

acts as a t issue and cel l-specif ic regulatory e lement (6), fused to SV40 T antigen develop tumors 

der ived from subcutaneous tissue. Since these tumors contained renin transcripts it was 

suggested that they arose from a populat ion of renin expressing cells in that t issue (5). Here we 

report  that l ike many other extra-renal tissues, the mouse renin genes are dif ferential ly expressed 

in subcutaneous tissue. 

The temporal  and spatial expression of renin in fetal mouse and rat subcutaneous t issue 

is similar to the appearance of angiotensin II receptors in this t issue (12,13). Both renin mRNA 

and the concentrat ion of angiotensin II receptors markedly decrease near or just after birth. In 

addit ion, angiotensinogen mRNA has been identi f ied in brown fat and mesentery (14) suggesting 

that several components of the renin angiotensin system may be closely physically localized. It 

wi l l  be interest ing to determine whether the tumor cells themselves or the cel ls f rom which they 

derive contain angiotensin II receptors. 

Our abil i ty to detect  renin mRNA in the subcutaneous tumors in adult transgenics by 

oncogene mediated tumorigenesis suggests that a small populat ion of renin expressing cells may 

stil l be present in the mature tissue. Accordingly, it is possible that the decrease in renin mRNA 

levels observed after birth in the mouse and between 15.5 and 18.5 days post coi tum in the rat 

reflects a decrease in the proport ion of renin expressing cells due to growth of the surrounding 

t issue as opposed to a decrease in renin transcript ion on a per cell basis. However, we cannot 

rule out the possibi l i ty that the tumors formed in these mice as a result of re-expression of renin 

(and the transgene) in a cell l ineage which expressed renin earl ier in deve lopment  but has 

temporal ly  inactivated its transcript ion. This could occur as a result of some somatic mutation, 

the nature of which is unclear. If the latter interpretat ion is correct, then such a mutation should 

not exhert its effects in cis, since mult ip le renin genes from independent  loci can be expressed 

in a single tumor  sample (Figure 2 and ref. 5). Therefore, the mutational inactivation of a 

repressor molecule or activation of a posit ive transcript ion factor may be l ikely candidates. 

Although our results strongly suggest that renin is expressed (at least in fetal development)  

in the subcutaneous t issues of the mouse and rat, there are heretofore no reports demonstrat ing 

direct evidence for the same expression profi le in humans. Nevertheless, there are at least two 

reports in which renin secret ing "ectopic" tumors have been ident i f ied in subcutaneous t issue or 

in other soft t issues (15,16). The former was identi f ied when a patient presented hypertension 

222 



Vol. 173, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

which was treated by surgical excision of the tumor tissue. It remains possible that these tumors 

were derived from cells in which renin expression is a normal or potential occurrence and not 

strictly ectopic. 

It should be noted that additional tissues have recently been reported and added to the 

repertoire of renin expressing tissues, including the mouse anterior prostate (3), subcutaneous 

tissue (5), and the mouse and rat liver, brain, hypothalamus, spleen, thymus, and lung (2). 

Nevertheless, any further consideration of renin and the renin-angiotensin system in development 

or the normal functioning of subcutaneous tissue wil l  require further experimentation. 

ACKNOWLEDGMENTS 

We would like to thank Chuanzen Wu and Mary K. EIIsworth for their excellent technical 
assistance. This work was funded by NIH grant Nos. HL35792 and GM30248. This project was 
supported in part by BRSG S07 RR-05648-23 awarded by the Biomedical Research Support Grant 
Program, Division of Research Resources, National Institutes of Health. C.D.S. is the recipient of 
NIH fellowship HL07963. 

REFERENCES 

1) Field, L.J. and Gross, K.W. (1985) Proc. Natl. Acad. Sci. USA. 82, 6196-6200. 
2) Ekker, M., Tronik, D., and Rougeon, F. (1989) Proc. Natl. Acad. Sci. USA. 86,5155-5158. 
3) Fabian, J., Field, L.J., McGowan, R., Mullins, J.J., Sigmund, C.D., and Gross, K.W. (1989) J. 

Biol. Chem. 264,17589-17594. 
4) Miller, C.C.J., Carter, A.T., Brooks, J.l., LovelI-Badge, R.H. and Brammer, W.J. (1989) Nucleic 

Acids Res. 17,3117-3128. 
5) Sigmund, C.D., Jones, C.A., Mullins, J.J., Kim, U. and Gross, K.W. (1990) Proc. Natl. Acad. 

Sci. USA 87, 7993-7997. 
6) Sigmund, C.D., Jones, C.A., Fabian, J.R., Mullins, J.J. and Gross, K.W. (1990) Biochem. 

Biophys. Res. Comm. 170, 344-350. 
7) Piccini, N., Knopf, J.L. and Gross, K.W. (1982) Cell 30, 205-213. 
8) Hogan, B., Costantini, F. and Lacy, E. (1986) Manipulating the mouse embryo. Cold Spring 

Harbor Laboratory, Cold Spring Harbor, NY. 
9) Southern, E.M. (1978) J. Mol. Biol. 98, 503-517. 
10) Field, L.J., McGowan, R.A., Dickenson, D.P. & Gross, K.W. (1984) Hypertension 6, 597-603. 
11) Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Smith, J.A., Seidman, J.G. and Struhl, 

K. (1987) Current Protocols in Molecular Biology. Wiley & Sons. 
12) Millan, M.A., Carvallo, P., Izumi, S-I., Zemel, S., Catt, K. & Aguilera, G. (1989) Science 244, 

1340-1342. 
13) Zemel, S., Millan, M.A. & Aguilera, G. (1989) Endo. 124,1774-1780. 
14) Campbell, D.J. & Habener, J.F. (1986) J. Clin. Inv. 78" 31-39. 
15) Fernandez, L.A., Olsen, T.G., Barwick, K.W., Sanders, M., Kaliszewski, C. & Inagami, T. 

(1986) Arch. Pathol. Lab. Med. 110:1131-1135. 
16) DeSchryver-Kasskemeti, K., Kraus, F.T., Engleman, W. and Lacy, P.E. (1982) Am. J. Surg. 

Pathol. 6, 5-18. 

223 


