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1-1. The present invention relates to the cloning and character 22) Filled: 28, 2005 (22) File Jan. 28, ization of a human Serine/threonine kinase (h-Sgk: Serum 
Related U.S. Application Data and glucocorticoid dependent kinase). The invention fur 

thermore relates to reagents for diagnosing conditions asso 
(62) Division of application No. 10/000,039, filed on Dec. ciated with a change in cell Volume and/or in "macromo 

4, 2001, now Pat. No. 6,855,520, which is a division lecular crowding in the body, Such as, for example, 
of application No. 09/031,295, filed on Feb. 26, 1998, hypernatremia, hyponatremia, diabetes. mellitus, renal fail 
now Pat. No. 6,326,181. ure, hypercatabolism, hepatic encephalopathy, inflammation 

and microbial or viral infections. The present invention 
(30) Foreign Application Priority Data additionally relates to pharmaceuticals comprising the 

Feb. 28, 1997 (DE)......................... 
h-Sgk, nucleic acids which code for the h-Sgk, or receptors, 

- - - - - - - - - - - - - - - 19708173.8 in particular antibodies, which specifically bind to the h-Sgk. 

CACGAGGGAG CGCTAACGTC TTTCTGTCTC CCCGCGGTGGTG. ATG ACG GTG AAA S4 
Met Thr Val Lys 

l 

ACT GAG GCT GCT. AAG GGC ACC CTC ACT TAC TCC AGG ATG AGG GGC ATG 102 
Thr Glu Ala Ala Lys Gly Thr Leu Thr Tyr Ser Arg Met Arg Gly Met 

S 10 S 20 

GTG GCA ATT CTC ATC GCT TTC ATG AAG CAG AGG AGG ATG GGT CTGAAC SO 
Val Ala Ile Leu. Ile Ala Phe Met Lys Glin Arg Arg Met Gly Leu Asn 

2S O 3S 

GAC TTT ATT CAG AAG Art GCC AAT AAC TCC TAT GCA TGC AAA CAC CCT 98 
Asp Phe Ile Gla Lys Ile Ala Asn. Asn Ser Tyr Ala Cys Llys His Pro 

40 45 SO 

GAA GTT CAG TCC ATc TTGAAG ATCTCC CAA CCT CAG GAG CCT GAG CIT 245 
Glu Val Glin Ser Ile Leu Lys Ile Ser Glin Pro Glin Glu Pro Glu Leu 

SS SO 6S 

ATG AAT GCC AAC ccT TCT CCT CCA CCA AGT CCT TCT CAG CAAATC AAC 294 
Met Asn Ala ASn Pro Ser Pro Pro Pro Ser Pro Ser Glin Gin Ile Asn 

70 TS O 

CTT GGC CCG TCG TCC AAT CCT CAT GOT AAA CCA TCT GAC TTT CAC TTC 342 
Leu Gly Pro Ser Ser Asn. Pro His Ala Lys Pro Ser Asp Phe His Phe 
8S 90 95 OO 
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CACGAGGGAG CGCTAACGTC TTTCTGTCTC CCCGCGGTGGTG. ATG ACG GTG AAA 54 
Met Thr Val Lys 

l 

ACT GAG GCT GCT AAG GGC ACC CTC ACT TACTCC AGG ATG AGG GGC ATG O 
Thr Glu, Ala Ala Lys Gly Thr Leu Thr Tyr Ser Arg Met Ars Gly Met 

5 O S 20 

GTG GCA ATT CC ATC GCT TTC ATG AAG CAG AGG AGG ATG GGT CTGAAC SO 
Val Ala Ile Leu. Ile Ala Phe Met Lys Glin Arg Arg Met Gly Leu Asn 

2S 30 3S 

GAC TTT Art CAG AAG Art GCC AAT AAC TCC TAT GCA TGC AAA CAC CCT S. 
Asp Phe Ile Gln Lys Ile Ala Asn. ASn Ser Tyr Ala Cys Lys His Pro 

40 45 SO 

GAA GTT CAG TCC ATC TTGAAG ATCTCC CAA CCT CAG GAG CCT GAG CIT 24s 
Glu Val Glin Ser Ile Leu Lys Ile Ser Glin Pro Glin Glu Pro Glu Leu 

SS SO 6S 

ATGAAt GCC AAC ccT TCT CCT CCA CCA AGT CCT TCT CAG CAAATC AAC 294, 
Met Asn Ala Asn. Pro Ser Pro Pro Pro Ser Pro Ser Glin Gin Ile Asn 

70 7S 80 

CTT GGC CCG TCG TCC AAT CCT CAT GCT AAA CCA TCT GAC TTT CAC TTC 342 
Leu Gly Pro Ser Ser Asn Pro His Ala Lys Pro Ser Asp Phe His Phe 
8S 90 95 . . OO 
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TTGAAA GTG ATCGGA AAG GGC AGT TTT GGA AAG GTT CTT CTA GCA AGA 390 
Leu Lys Val Ile Gly Lys Gly Ser Phe Gly Lys Val Leu Leu Ala Arg 

OS 10 15 

CAC AAG GCA GAA GAA GTG TTC TAT, GCA GTC AAA GT TA CAG AAG AAA 4.38 
His Lys Ala Glu Glu Val Phe Tyr Ala Val Lys Val Leu Gln Lys Lys 

20 l2S 30 

GCA ATC CTG AAA AAG AAA GAG GAG AAG CAT ATT ATG TCG GAG CGG AAT 486 
Ala Ile Leu Lys Lys Lys Glu Glu Lys His Ile Met Ser Glu Arg Asn 

135 l40 45 

GTT CTG TTGAAG AAT GTG AAG CAC CCT TTC CTG GTG GGC CTT CAC TTC S34 
Val Leu Leu Lys Asn Val Lys His Pro Phe Leu Val Gly Leu. His Phe 

SO SS 160 

TCT TTC CAG ACT GCT GAC AAA TTG TAC TTT GTC CTA GAC TAC ATT AAT S82 
Ser Phe Glin Thr Ala Asp Lys Leu Tyr Phe Wall Leu Asp Tyr Ile ASn 
55 70 1.75 80 

GGT GGA GAG T G TTC TAC CAT CTC CAG AGG GAA CGC TGC TTC CTG GAA 630 
Gly Gly Glu Leu Phe Tyr His Leu Glin Arg Glu Arg Cys Phe Leu Glu 

18S 90 SS 
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FIG. IC 
CCA CGG GCT CGT TTC TAT GC GCT GAA ATA GCC AGT GCCTTG GGCTAC 578 
Pro Arg Ala Arg Phe Tyr Ala Ala Glu Ile Ala Ser Ala Leu Gly Tyr 

200 205 210 

CTG CAT TCA CTGAAC ATC GTT TAT AGA GAC TTA AAA CCA GAG AAT ATT 726 
Leu. His Ser Leu Asn Ile Val Tyr Ars Asp Leu Lys Pro Glu Asn. Ile 

25 - 220 22S - 

TTG CTA GATTCA CAG GGA CAC ATT GTC CT ACT GAT Trc GGA CTC GC 774 
Leu Leu Asp Ser Glin Gly His Ile Val Leu Thr Asp Phe Gly Leu cys 

230 23S 240 

AAG GAG AAC AT GAA CAC AAC AGC ACA ACA TCC ACC TTC TGT GGC ACG 322 
Lys Glu Asn. Ile Glu. His Asn. Ser Thr Thr Ser Thr Phe Cys Gly. Thr 
24S 2SO 255 260. 

CCG GAG TA CTC GCA CCT GAG GIG CT CAT AAG CAG COT TAT GAC AGG 870. 
Pro Glu Tyr Leu Ala Pro Glu Val Leu. His Lys Glin Pro Tyr Asp Arg 

255 270 275 

ACT GTG GAC TGG TGG TGC CTG GGA GC GTC TTG TAT GAG ATG CTG TAT 918 
Thr Val Asp Trp Trp Cys Leu Gly Ala Val Leu Tyr Glu Met Leu Tyr 

280 285 290 

GGC CTG CCG CCTTTT TAT AGC CGA AAC ACA GC GAA ATG TAC GAC AAC 966 
Gly Leu Pro Pro Phe. Tyr Ser Arg Asn. Thir Ala Glu Met Tyr Asp Asn 

29S 300 30S 

ATT CTGAAC AAG CCT CTC CAG CTG AAA CCA AAT ATT ACA AAT TCC GCA 10.4 
Ile Leu Asn Lys Pro Leu Glin Leu Lys Pro ASn Ile Thr Asn. Ser Ala 

310 BLS 320 
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FG D 

AGA CAC CTC CTG GAG GGC CTC CTG CAG AAG GAC AGG ACA AAG CGG CTC 1062 
Arg His Leu Leu Glu Gly Leu Leu Gln Lys Asp Arg Thr Lys Arg Leu 
325 330 33S 340 

GGG GCC AAG GAT GAC TTC ATG GAG ATT. AAG AGT CAT GTC TTC TTC TCC ll.0 
Gly Ala Lys Asp Asp Phe Met Glu Ile Lys Ser His Val Phe Phe Ser 

45 350 3.SS 

TTA ATT AACTGG GAT GAT circ ATT AATAAG AAG ATT ACT CCC ccT TTT S8 
Leu. Ile Asn Trp Asp Asp Leu. Ile Asn Lys. Lys Ile Thr Pro Pro Phe 

360 36S 370 

AAC COA. AAT GTG. AG. GGG CCC AAC GAG CTA CGG CAC TTT GAC CCC GAG 12O6 
Asn Pro Asn Val Ser Gly Pro ASn Glu Lieu. Arg His Phe Asp Pro Glu 

375 380 38S 

TTT ACC GAA GAG CCT GTC CCC AAC TCC ATT GGC AAG TCC CCT GAC AGC 2S4 
Phe Thr Glu Glu Pro Val Pro Asn. Ser Ile Gly Lys Ser Pro Asp Ser 

390 395 400 

GTC CTC GTCACA GCC AGC GTC AAG GAA GCT GCC GAG GCT TTC CTA GGC 1302 
Wall Leu Val Thr Ala Ser Val Lys Glu Ala Ala Glu Ala Phe Leu Gly 
4OS 40 41S 420 

TTTTCC TAT GCGCCT CCC ACG GAC TCT TTC CTCTGAACCCTGT TAGGGCTTGG 35S 
Phe Ser Tyr Ala Pro Pro Thr Asp Ser Phe Leu 

42S 43 
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FG. E 

TTTTAAAGGA TTITATGTGT GTTTCCGAAT GTTTAGTTA GCCITTIGGT GGAGCCGCCA 1415 

GCTGACAGGA CATCTTACA GAGAATTGCACATCOGG AAGOAGCA ATCTATTGC 47S 

ACACTGTTCG CTGGAATTTTTTGAAGAGCA CATTCTCCTC AGGAGCTCATGAGGTTTTC S3S 

ATTTTTATTC TTCCTTCCAA CGIGGTGCTA TCTCTGAAAC GAGCGTTAGA GTGCCGCCTT 1595 

AGACGGAGGC AGGAGTTTCG TAGAAAGCG GACCTGTTCT AAAAAAGGTCTCCIGCAGAT 165s 
CIGICTGGGC TGIGATGACG ATAFTAIGA RAIGIGCCIT TCGAGAG ATTGTGITAG 1715 
CTCCAAAGCT TTTCCTATCG CAGTGTTTCA GTTCTTTATTTTCCCTTGTG GATATGCTGT lit 5 

GTGAACCGTC GTGIGAGTGT GGTAIGCCTG ATCACAGATG GATTTTGITA TAAGCATCAA 1835 

TGTGACACT GOAGGACACT ACAACGTGGG ACTIGEric TTCTCCAt ArtTGGAGA 1895 

TAAATTTATGTGTAGACTTTTTTGTAAGAT ACGGTTAATAACTAAAATTTATTGAAATGG 195S 

TCTTGOAATG ACTCGTATTC AGAGCCTAA AGAAAGCATT GCTGCTACAA ATATTTCTAT 2015 

TTTTAGAAAG GGTTTTTATG GACCAATGCC CCAGTGTCA GTCAGAGCCG TTGGGTTTT 2075 

TCATTGTTTA AAATGTCACC TGTAAAATGG GCATTATTTA TGTTTTTTTTTTTGATTCC 2135 
TGATAATTGT Arctrict TAAAGAACGT CGACATTG GGTTAAACA CAGAATT 21.95 

TAAACTTACA GGCTTATTG TAATGTAAAC CACCATTAATGACGTA ATAACATGG 22.SS 

TTATAATACG TACAATCCTT CCCTCATCCC ATCACACAAC TTTTTTGTG TGTGATAAAC 2315 

TGATTTTGGTTTGCAATAAA ACCTTGAAAAATAAAAAAAAAAAAAAAAAAAAAAA 2370 
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FG. 2A 

Met Thr Val Lys Thr Glu Ala Ala Lys Gly Thr Lieu. Thr Tyr Ser Arg 
l S O S 

Met Arg Gly Met Val Ala Ile Leu Ile Ala Phe Met Lys Glin Arg Arg 
20 2S O 

Met Gly Leu Asn Asp Phe Ile Glin Lys Ile Ala ASn Asn. Ser Tyr Ala 
3S 40 AS 

Cys Lys His Pro Glu Val Glin Ser Ile Leu Lys Ile Ser Gln Pro Glin 
50 SS 60 

Glu Pro Gu Leu Met Asn Ala ASn Pro Ser Pro Pro Pro Ser Pro Ser 
SS 70 75 80 

(Glin Glin Ile Asn. Leu Gly Pro Ser Ser ASn Pro His Ala Lys Pro Ser 
8S 90 95 

Asp Phe His Phe Leu Lys Val Ile Gly Lys Gly Ser Phe Gly Lys Val 
OO OS ll.0 

Leu Leu Ala Arg His Lys Ala Glu Glu Val Phe Tyr Ala Val Lys val 
LS 20 2S 

Leu Gln Lys Lys Ala Ile Leu Lys Lys Lys Glu Glu Lys His Ile Met 
30 3S l40 
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FG. 2B 

Ser Glu Arg Asn Val Leu Leu Lys Asn Val Lys His Pro. Phe Leu Val 
4S SO SS 60 

Gly Leu. His Phe Ser Phe Gln Thr Ala Asp Lys Leu Tyr Phe Val Leu 
55 170 7S 

Asp Tyr Ile Asn Gly Gly Glu. Leu Phe Tyr His Leu Glin Arg Glu Arg 
80 8S SO 

Cys Phe Leu Glu Pro Arg Ala Arg Phe Tyr Ala Ala Glu Ile Ala Ser 
SS - 200 2OS 

Ala Leu Gly Tyr Leu. His Ser Leu ASn Ile Val Tyr Arg Asp Leu Lys 
20 21S 220 

Pro Glu Asn. Ile Leu Leu. Asp Ser Glin Gly. His Ile Val Lieu. Thr Asp 
22S 230 23S 240 

Phe Gly Leu. Cys Lys Glu ASn Ile Glu. His Asn. Ser Thr Thr Ser Thr 
245 2SO 2SS 

Phe Cys Gly. Thr Pro Glu Tyr Leu Ala Pro Glu Val Leu. His Lys Glin 
260 26S 270 

Pro Tyr Asp Arg Thr Val Asp Trp Trp Cys Leu Gly Ala Val Leu Tyr 
27S 280 28S 
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FG. 2C 

Glu Met Leu Tyr Gly Leu Pro Pro Phe Tyr Ser Arg Asn Thr Ala Glu 
290 295 BOO 

Met Tyr Asp Asn Ile Leu Asn Llys Pro Leu Glin Leu Lys Pro Asn. Ile 
3OS 30 3S 320 

Thr Asn Ser Ala Arg His Leu Lleu. Glu Gly Leu Leu Glin Lys Asp Arg 
325 330 335 

Thr Lys Arg Leu Gly Ala Lys Asp Asp Phe Met Glu, Ile Lys Ser His 
340 345 350 

Val Phe Phe Ser Leu. Ile ASn Trp Asp Asp Leu. Ile Asn Lys Lys Ile 
355 360 36S 

Thr Pro Pro Phe ASn Pro Asn Val Ser Gly Pro Asn. Glu Leu Arg His 
370 375 380 

Phe Asp Pro Glu Phe Thr Glu Glu Pro Val Pro Asn. Ser Ile Gly Lys 
385 390 395 400 

Ser Pro Asp Ser Val Leu Val Thr Ala Ser Val Lys Glu Ala Ala Glu 
4 OS 40 .45 

Ala Phe Leu Gly Phe Ser Tyr Ala Pro Pro Thr Asp Ser Phe Leu 
420 425 430 
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CELL VOLUME-REGULATED HUMAN KINASE 
H-SGK 

0001. The present invention relates to the cloning and 
characterization of a human Serine/threonine kinase (h-Sgk: 
Serum and glucocorticoid dependent kinase). The invention 
furthermore relates to reagents for diagnosing conditions 
asSociated with a change in cell Volume and/or in "macro 
molecular crowding in the body, Such as, for example, 
hypernatremia, hyponatremia, diabetes mellitus, renal fail 
ure, hypercatabolism, hepatic encephalopathy, inflammation 
and microbial or viral infections. The present invention 
additionally relates to pharmaceuticals comprising the 
h-Sgk, nucleic acids which code for the h-Sgk, or receptors, 
in particular antibodies, which specifically bind to the h-Sgk. 
0002 Even when the extracellular osmolarity is constant, 
the constancy of the cell Volume is continuously challenged 
due to transport acroSS cell membranes and cellular metabo 
lism, i.e. production and breakdown of OSmotically active 
Substances. 

0.003 Cell Swelling and shrinkage disturb the intracellu 
lar environment by diluting and concentrating, respectively, 
cellular macromolecules which lead to extensive impair 
ment of cellular functions. This is why cells have developed 
a large number of cell Volume-regulating mechanisms. Cell 
Swelling leads, in most tissues, to cellular release of ions due 
to activation of ion channels and KCl cotransport. Cell 
Shrinkage conversely leads to cellular uptake of ions due to 
activation of NaCl/KCl cotransporter and Na/H"exchanger. 
0004 Furthermore, cell shrinkage stimulates cellular 
accumulation and cell Swelling Stimulates cellular release of 
oSmolytes, molecules which are Specifically used to generate 
intracellular osmolarity Burg, M. B., Am. J. Physiol. 268: 
F983-F996, 1995). 
0005 Finally, changes in the liver cell volume influence 
hepatocellular metabolism and gene expression Häussinger 
et al. (1994) Am. J. Physiol. 267, E343-E355). Cellswelling 
acts like an anabolic Signal which StimulateS protein and 
glycogen Synthesis and inhibits protein and glycogen break 
down. Conversely, cell Shrinkage acts as a catabolic Signal 
by promoting the breakdown of glycogen and proteins and 
inhibiting the Synthesis of proteins and glycogen Hauss 
inger et al. (1994) Am. J. Physiol. 267, E343-E355). 
0006 The cell volume has been recognized as a crucial 
element in the regulation of hepatocellular metabolism by 
hormones, cellular amino acid uptake and oxidative StreSS. 
0007. The signal mechanisms which couple cell function 
to the changes in the cellular hydration State are Substantially 
unknown. Changes in the cell Volume achieve their various 
effects on cell function partly by Stimulating or Suppressing 
the expression of particular genes, whose products then 
influence the expression or activity of a large number of cell 
components. In order to discover genes which are increas 
ingly expressed on cell Swelling, we carried out a differential 
mRNA fingerprinting assay on cDNAS from hepatocytes 
which had been exposed either to isotonic or to anisotonic 
extracellular fluid. This resulted in a plurality of bands 
which showed differential expression rates on use of differ 
ent primerS. 

0008. It has been found, Surprisingly, that the expression 
of one of these bands was stimulated under hypertonic 
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conditions and inhibited under hypotonic conditions. The 
cDNAsequence of this band, whose expression is influenced 
in a particular way by changes in cell Volume, has been 
analyzed in detail. It was found by Sequence comparison that 
there is no similarity with any previously known human 
gene. The gene which has been found, whose nucleotide 
Sequence is depicted in FIG. 1, Surprisingly codes for a 
kinase, a putative Serine/threonine kinase. Its Sequence is 
depicted in FIG. 2 as well as in FIG. 1. It is highly 
homologous with previously known rat Sgk (serum and 
glucocorticoid dependent kinase), a kinase whose expres 
Sion is increased by Serum and glucocorticoids. A depen 
dence of the rat Sgk on cell Volume has not previously been 
described, however. 

0009. The present invention accordingly relates to a 
human cell Volume-regulated kinase (h-Sgk) and to pro 
ceSSes for producing it by genetic manipulation. 
0010 Expression of the h-sgk is greatly dependent on the 
cell Volume. Cell Swelling inhibits expression of the h-Sgk, 
whereas cell shrinkage Stimulates expression of the h-Sgk. 
Furthermore, expression of the h-Sgk is inhibited by urea. 
Urea impairs, like changes in cell Volume, the Stability and 
thus the function of cellular proteins and the packing density 
of the cellular macromolecules, called macromolecular 
crowding Minton, A. P., Mol. Cell. Biochem. 55: 119-140, 
1983). h-sgk expression is therefore a measure of the cellular 
macromolecular crowding. Transcription of the h-Sgk is not, 
in contrast to rat Sgk, influenced either by corticoids or by 
fetal calf serum (FCS), however. 
0011. The h-sgk is expressed in a large number of human 
tissueS Such as liver, heart, pancreas, muscle, kidney, lung, 
placenta, lymphocytes and Several Structures in the brain 
(hippocampus, nucleus caudatus, corpus callosum, Substan 
tia nigra, nucleus Subthalamicus and thalamus). 
0012. It has emerged that the h-sgk has a considerable 
diagnostic potential for many diseases in which changes in 
cell Volume play a crucial pathophysiological part. Expres 
Sion of the h-Sgk can be demonstrated by detecting and/or 
quantifying the mRNA by using Suitable probes, for 
example in a Northern blot or by in situ hybridization, and 
the h-Sgk itself can be detected, for example, using Suitable 
antibodies in a Western blot or by immunohistochemistry. 
Suitable probes and antibodies have already been Success 
fully checked for utilizability. 

0013 The present invention therefore also relates to the 
diagnostic use of the h-Sgk, its fragments or the relevant 
nucleic acids coding therefor. The diagnostic techniques 
which can be used are known to the skilled worker. These 
may be all immunoassay formats known from the prior art, 
Such as, for example, Western blot or enzyme linked immu 
nosorbent assay (ELISA), but also homogeneous assay 
formats not bound to a Solid phase. Conceivable examples 
are competitive assay variants, but also indirect assays or 
designs on the Sandwich principle are also directly possible. 
It is likewise possible to employ the labeling techniques 
known to the skilled worker. All types of nucleic acid 
detection techniques can be used, Such as, for example, 
Southern blot, Northern blot and all variants of the hybrid 
ization techniques, including in Situ hybridization. 

0014. The h-sgk can be detected both in body fluids, for 
example, blood, plasma or Serum, and in Solid tissues, for 
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example biopsy material. Detection of the h-Sgk is indicated 
wherever changes in the cell Volume or in the macromo 
lecular crowding in the body occur, Such as in hypernatre 
mia, hyponatremia, diabetes mellitus, renal failure, hyper 
catabolism, hepatic encephalopathy, inflammation and 
infections. 

0.015 Furthermore, dysfunction of the h-sgk might lead 
to impaired regulation of hepatic metabolism. Detection of 
the h-Sgk would therefore be useful for diagnostic elucida 
tion of fructose intolerance and hyper- and hypoglycemic 
StateS. 

0016. Hypernatremia: This is a life-threatening distur 
bance which occurs, for example, when there is OSmotic 
diuresis and water diuresis due to central or nephrogenic 
diabetes insipidus. Central diabetes insipidus results from a 
genetic defect, craniocerebral trauma, damage to hypotha 
lamic neurons due to inflammations, hypoperfusion, tumors, 
consumption of alcohol, opiates and Some drugs. Nephro 
genic diabetes insipidus results from genetic defects, 
hypokalemia, hypercalcemia, protein deficiency, pyelone 
phritis, and treatment with various drugs etc. AS is shown in 
experiments on cultivated liver and kidney cells, an increase 
in the extracellular Na" concentration, which is always 
asSociated with an increase in the extracellular osmolarity 
too, results in increased expression of the h-Sgk. The kinase 
can thus be used as indicator of the extent of cell Shrinkage 
and be employed for monitoring the therapy. Surveillance of 
this type is important inasmuch as fatal cell Swelling may 
occur on occasion if the correction of hypernatremia is too 
rapid, despite extracellular hyperoSmolarity. 

0.017. Hyponatremia: Hyponatremia below 130 mmol/l is 
found in about 1-2% of all hospitalized patients. The causes 
of this life-threatening disturbance are diabetes mellitus, 
ketonuria, hepatic insufficiency, diuretics, opiates, various 
drugs, OSmotic diuresis, bicarbonaturia, adrenal insuffi 
ciency, Salt-loSS nephritis, nephrotic Syndrome, increased 
secretion of ADH and losses of isotonic fluid (for example 
diarrhea) with replacement only of water. If the hyponatre 
mia is the result of an increase in other OSmolytes in the 
blood, then the cell Volume and expression of the h-Sgk 
remain normal. However, if the hyponatremia reflects a 
hypooSmolarity with cell Swelling, then there is a reduction 
in h-Sgk expression. Thus, measurement of the h-Sgk pro 
vides information about the presence of cell Swelling and 
allows a rational decision to be made about the therapeutic 
procedure. The kinase can be employed to check progreSS 
during therapy. Correction of hyponatremia which is too 
rapid may result in cell Shrinkage, which is occasionally 
fatal. 

0.018 Diabetes mellitus: Hyperglycemia occurs in diabe 
tes mellitus and results in an increase in the extracellular 
oSmolarity and thus causes cell shrinkage. The glucose 
undergoing glomerular filtration exceeds the maximum 
renal transport rate and, in this way, forces osmotic diuresis, 
in which Na' and water are lost. This may result in devel 
opment of hyponatremia. The increased extracellular osmo 
larity and the OverSupply of glucose promote the cellular 
production of Sorbitol which, when the extracellular osmo 
larity falls, results in cell Swelling. The cell shrinkage and 
cell Swelling associated with diabetes mellitus are ascribed 
crucial importance in the pathophysiology McManus et al., 
New England J. Med. 333: 1260-1266, Dermadash et al., 
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Kidney intern. 50: 2032-2040, 1996). Measurement of the 
h-Sgkin a patient with diabetes mellitus permits the changes 
in cell Volume to be estimated and thus provides a Solid basis 
for compensating electrolyte disturbances. In this case too, 
observation of the progreSS can prevent excessive correc 
tions. 

0019 Renal failure: In renal failure there is a massive 
increase in the urea concentration to levels which have a 
destabilizing effect on proteins, cause cells to Shrink and 
bring about a decrease in h-Sgk expression. The destabilizing 
effect of urea is diminished by the formation of trimethy 
lamines. When the changes in the urea concentration are 
rapid, the accumulation of trimethylamines cannot keep up, 
and disturbances of cellular metabolism are to be expected 
owing to the changes in cell Volume. Determination of the 
h-Sgk may reveal an imbalance between destabilizing urea 
and Stabilizing trimethylamines. Therapeutic administration 
of trimethylamines would, where appropriate, be indicated if 
the h-Sgk is greatly depressed. 
0020 Hypercatabolism: In a number of catabolic states, 
Such as Sepsis, burns, acute pancreatitis, major operations, 
changes in the Volume of muscle cells correlating with the 
extent of hypercatabolism have been detected. Cell shrink 
age in fact leads to enhancement, and cell Swelling to 
inhibition, of proteolysis. Determination of the h-Sgk might 
justify in the individual case the use of therapeutic measures 
Suitable for counteracting cell shrinkage, Such as adminis 
tration of glutamine Häussinger et al., Lancet, 341: 1330 
1332, 1993) or of osmolytes Burg, M. B., J. Exp. Zool. 
268(2): 171-5, 1994). 
0021 Hepatic encephalopathy: There is compelling evi 
dence that hepatic encephalopathy is brought about by 
Swelling of glial cells Norenberg, M. D., Exp. Neurol. 
53(3): 213-220, 1994). It is in fact possible to detect, a 
decrease in the OSmolyte inositol in the brain in cases of liver 
disease Kreis et al., NMR Biomed. 4: 109-116, 1991). 
Complete disappearance coincides with the onset of 
encephalopathy. Development and use of Suitable Substrates 
for the h-Sgk might allow the h-Sgk activity in the brain to 
be measured and counter-regulated even before the encepha 
lopathy occurs. Where appropriate, h-Sgk expression in 
more readily accessible tissues might also be used as indi 
cator of Volume changes in glial cells. 
0022 Alzheimer disease: Recent evidence points to 
increase of peripheral cell Volume in Alzheimer disease. 
Moreover, the oSmolyte inositol is enhanced in patients with 
Alzheimer disease, but not in dementia of other causes. 
H-Sgk expression may contribute to diagnosis of Alzheimer 
disease. 

0023 Infections/Inflammation: Sepsis is associated with 
extensive cell Shrinkage Haussinger et al., Lancet 1993, 
341: 1330-1332 with the corresponding occurrence of 
hypercatabolism. In fact, the cell Volume plays an important 
part in the pathogen-host relationship. Expression of the 
h-Sgk might be a valuable parameter for assessing the 
pathophysiology of infections. In Situ hybridisation reveals 
marked increase of tissue levels of h-Sgk in inflammatory 
diseases, Such as hepatitis, pancreatitis, Morbus Crohn, or 
glomerulonephritis. Moreover, h-Sgk expression is enhanced 
by TGFB which has been implicated in progressive fibrosis 
Such as liver cirrhosis, lung fibrosis and progressive renal 
failure. H-Sgk expression has indeed been found enhanced in 
patients with chronic renal failure. 
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0024 Hyperglycemia/hypoglycemia/lactacidosis: 
Diminished or enhanced expression and/or function of the 
h-Sgk might result in disturbances of carbohydrate metabo 
lism as observed in association with cell Shrinkage and cell 
Swelling Lang et al., Pflügers Arch. 413: 209-216, 1989). A 
diminished function would result in the threat of hypogly 
cemia. Enhanced function might be followed, on the one 
hand, by hyperglycemia or, on the other hand, by lactaci 
dosis. Thus, in the diagnostic elucidation of hyperglycemia, 
hypoglycemia and lactacidoses of unclear origin, it would 
always also be expedient to investigate the expression and 
function of the h-Sgk. 
0.025 The present invention is additionally explained 
further by the following detailed description and, further 
more, described by the examples and the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026 Materials and Methods 
0027 Materials: Fetal calf serum and DMEM (Dulbec 
co's modified Eagle's medium) were purchased from 
GIBCO/BRL (Eggenstein, Germany), enzymes from 
STRATAGENE (Heidelberg, Germany) and BOE 
HRINGER MANNHEIM (Mannheim, Germany), C-S- 
dATP from ICN (Eschwege, Germany), Superscript(R) 
reverse transcriptase from GIBCO/BRL. PCR(R) (poly 
merase chain reactions) were carried out in a Crocodile(E) II 
thermocycler (APPLIGENE ONCOR, Heidelberg, Ger 
many) using Prime Zyme(R DNA polymerase and PCR 
buffer from BIOMETRA (Göttingen, Germany). RAP-PCR 
primers were purchased from STRATAGENE, and sequenc 
ing primers from MWG (Ebersberg, Germany). Manual 
Sequencing was carried out on an S2 Sequencer from 
GIBCO/BRL using the Fidelity(R DNA sequencing system 
(APPLIGENE ONCOR). 
0028 Cell culture: HepG2 human hepatoma cells were 
cultivated in Dulbecco's modified Eagle's medium 
(DMEM) with 5% CO., 5 mM glucose, pH 7.4, which was 
supplemented with 10% (vol/vol) fetal calf serum (FCS) at 
37 C. Before the RNA isolation, the cells were cultivated to 
90% confluence and kept in basal medium Eagle's (BME, 
GIBCO/BRL) without fetal calf serum for 12 hours. The 
extracellular osmolarity was varied by adding or removing 
defined amounts of Sodium chloride without changing the 
other components of the BME medium. In experiments to 
test the effects of amino acids, the cells were kept in an 
extracellular Solution free of amino acids for two hours 
before adding the amino acids. 
0029) RAP-PCR: RNA fingerprinting PCR (RAP-PCR) 
was carried out as described previously McClelland et al., 
1994, Nucleic Acids Res. 22, 4419-4431). After electro 
phoresis through a 4% acrylamide/7M urea polyacrylamide 
gel, the PCR products were visualized by silver staining 
Sanguinetti et al., Biotechniques 17, 914-921, 1994). All 
the bands which were visible only under one condition 
(hypertonic or hypotonic) were Subsequently confirmed by 
reverse transcription and PCR with RNA from new cultures. 
The RAP-PCR was carried out with four different primer 
pairs for the cDNA synthesis and PCR amplification. In 
addition, different temperatures between 30 C. and 40 C. 
were chosen in the first amplification round. Together with 
these modifications, a total of 64 PCR runs were carried out. 
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0030) Isolation of the bands: Bands which showed repro 
ducible differences were cut out under Sterile conditions. 
The amplicon was eluted in 100 ul of buffer. (50 mM KCl, 
10 mM TRIS-Cl pH 9.0, 0.1% Triton X 100) at 70° C. 
overnight. Reamplification by PCR was carried out with 3.0 
ul of eluate using suitable primers (250 nM), 200 uM dNTP, 
1x low-salt buffer (STRATAGENE) with 1.5 mM MgCl 
and 5 units of Taq+(R DNA polymerase (STRATAGENE) 
with the following temperature cycle profiles: one cycle at 
95° C. for 60 sec, 30 cycles at 95° C. (15 sec), 55° C. (15 
sec), 72°C. (60 sec) and finally at 72° C. for 5 minutes. After 
confirmation by PAGE that only one defined amplicon 
having the expected length had been produced, this ampli 
con was used directly for forming the probe. 

0031) Northern analysis: Digoxigenin (DIG)-coupled 
probes were produced by direct PCR labeling of the various 
amplicons using the Suitable primers and the conditions as 
described above apart from the fact that the following dNTP 
concentrations were used: 200 uM dATP, 200 uM dCTP, 200 
uM dGTP, 190 uM dTTP and 10 uM DIG-dUTP (BOE 
HRINGER). Northern blots were prepared using 20 tug of 
total RNA or 2 tug of poly(A)-RNA, which had been 
Separated by electrophoresis through 1% agarose gels in the 
presence of 2.2 M formaldehyde. Equivalent loading of 
probes in the investigation of poly(A)-RNA was checked by 
ethidium bromide staining of ribosomal RNA ands or by 
DIG-labeled antisense RNA probe using the human hetero 
geneous nuclear ribonucleoprotein Cl as internal standard. 
The size of the RNA was estimated using the DIG-labeled 
molecular weight marker I (BOEHRINGER). Vacuum blot 
ting (APPLIGENE ONCOR Trans DNA Express Vacuum 
Blotter) was used for transfer to positively charged nylon 
membranes (BOEHRINGER) which were then crosslinked 
by ultraviolet light (STRATAGENE UV Stratalinker(R) 
2400). Hybridization was carried out in DIG-Easy-Hyb(R) 
(BOEHRINGER) with a probe concentration of 25 ng/ml or 
100 ng/ml at 50° C. or 65° C. for DNA probes or RNA 
probes overnight. Probes which showed different expression 
were subcloned using the pCR-Script SK(+) cloning kit 
(STRATAGENE) and checked in Northern blots. The North 
ern blots which are shown hereinafter were derived from 
these Subclones. 

0032. Other methods: DNA sequencing of the pCR clone 
was carried out with the Fidelity(R DNA sequencing system 
(APPLIGENE ONCOR). Sequencing products were labeled 
with C-S-dATP and fractionated on a 6% polyacryla 
mide/8 M urea Sequencing gel. The GenBank data were 
Scanned for homologous Sequences using the FASTA com 
puter program Pearson, W. R. & Lipman, D.J. (1988) Proc. 
Natl. Acad. Sci. USA 85, 2444-2448). The sequence of the 
complete h-sgk cDNA was obtained with the aid of the 
I.M.A.G.E. consortium clone ID 42669 from the TIGR/ 
ATCC special collection of human cDNA clones. The gene 
data were examined with the aid of the European Molecular 
Biology Laboratory EMBL (Heidelberg), the BLAST net 
work service and-for the protein alignments-the BLITZ 
server on the newest edition of the SwissProt protein data 
base. 

0033 Nucleotide sequence accession number: The h-sgk 
cDNA sequence was entered into the GenBank database 
under accession number Y10032 and was inaccessible until 
Mar. 1, 1997. 
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0034) Results 
0.035 Differential gene expression in HepG2 cells in 
hypotonic, isotonic and hypertonic extracellular fluid: 
mRNA was isolated from HepG2 cells which had been 
pretreated for 1 or 2 hours with hypotonic (hypotonic I: 
minus 100 mosmol/l due to removal of 50 mM NaCl and 
hypotonic II: minus 50 mosmol/l due to removal of 25 mM 
NaCl compared with isotonic control medium), isotonic 
(with total osmolarity of 290 mosmol/l and an NaCl con 
centration of 114 mM) or hypertonic (plus 50 mosmol/l by 
addition of 50 mM raffinose) medium. The MRNA was used 
as template for the RAP-PCR with arbitrary primers. The 
products of the RAP-PCR were loaded onto denatured 
polyacrylamide gels and fractionated in parallel lanes for 
comparison. Several bands showed differential expression 
on use of several primers. Four differential bands from the 
RAP-PCR gels were analyzed further: two proved in the 
Subsequent Northern blot analysis to be false-positive, one 
band was enhanced by hypotonic and hypertonic conditions 
but its Sequence showed no similarity with any previously 
known cloned gene. One band of about 500 base pairs 
showed increasing expression with increasing extracellular 
oSmolarity (hypotonic I-hypotonic II-isotonic-hypertonic). 
This band was purified from the gel and reamplified using 
the primer RAP-A4. After PCR labeling with digoxigenin, 
Northern blots were made using this amplicon in order to 
confirm differential expression in various cell preparations. 
which had been pretreated for two hours with hypotonic I, 
isotonic and hypertonic medium. 
0036) A single transcript of about 2.6 kilobases was 
greatly influenced by the changes in the extracellular OSmo 
larity (FIG. 1). The amount of transcript was reduced when 
the OSmolarity decreased. and was enhanced when the 
oSmolarity increased. 
0037 Cloning and sequencing of the differentially regu 
lated h-sgk gene. The PCR product with a length of 500 base 
pairs was subcloned into the PCR II vector, and a new probe 
was produced with this construct in order to demonstrate 
identity between the original and the subcloned DNA frag 
ment. Rehybridization of a Northern blot using this probe 
led to identical results as with the original probe. In addition, 
a Southern blot analysis was carried out with the new 
construct and hybridized with the original construct. Strong 
hybridization after two high-stringency washes confirmed 
the identity of the Sequence. 
0.038 Sequence analyses in both directions showed the 
presence of the primers used on both sides of the amplicon. 
An amino acid Sequence translated by one reading frame of 
the nucleotide sequence showed 95% identity with the 
carboxyl-terminal amino acid sequence of the rat Sgk (serum 
and qlucocorticoid regulated protein kinase), a new member 
of the Serine/threonine protein kinase protein family which 
was cloned from a rat mammary gland tumor cell line 
Webster et al., Mol. Cell. Biol. 13, 2031-2040, 1993a). 
Because of the great Similarity, the name h-Sgk (human) was 
chosen for the new protein. 
0.039 The Genbank database was scanned for similar 
human Sequences using the FASTA computer program. 
Several EST (Expressed Sequence Tags) DNA sequences 
from the TIGR/ATCC special collection of human cDNA 
clones showed 100% sequence agreement with parts of the 
h-sgk cDNA fragments. After multiple alignments of 30 
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different TIGR/ATCC human cDNA clones with the rat Sgk 
cDNA sequence (Genbank accession number L01624) and 
with the h-sgk DNA fragment, it was assumed that the 
I.M.A.G.E. consortium construct with the clone ID 42669 
from a human infantile brain library has the complete coding 
Sequence of the h-Sgk. Sequence analysis of this construct 
with coinciding Sequences in the Sense and antisense direc 
tions revealed a cDNA sequence of about 2.4 kilobases. In 
order to demonstrate involvement of the complete h-Sgk, the 
5' end of the clone (nucleotides 1-285 of the coding 
Sequence) was Subcloned into the pCR II vector and hence 
a new probe was produced with this construct. Hybridization 
of a Northern blot with this probe resulted in identical results 
as with the original probes (FIG. 1). The longest reading 
frame in the clone investigated (1.3 kb) afforded a 431 
amino acid protein with an overall identity of 98% with the 
rat Sgk protein. Regulation of h-Sgk expression by changing 
the extracellular OSmolarity: In order to investigate the effect 
of changes in the extracellular oSmolarity on the amounts of 
h-Sgk transcript, HepG2 cells were incubated for various 
times in hypotonic (190 mol/l), isotonic (290 mosmol/l) and 
hypertonic (390 mosmol/l). BME medium without FCS. The 
h-Sgk -mRNA concentrations increased greatly within 60 
min in hypertonic Solution. The initial rise was evident 
within 30 minutes and reached a maximum within two 
hours. Induction of the h-sgk therefore directly follows the 
change in the OSmolarity. The transcript concentrations 
increased further over 4 to 8 hours in hypertonic extracel 
lular BME medium, and then gradually fell again over the 
course of the next 16 to 24 hours to the initial concentrations. 
On the other hand, the h-Sgk transcript concentrations 
decreased rapidly in hypotonic extracellular Solution, the 
decrease being evident after only 30 minutes and reaching a 
maximum within two hours. 

0040 Different osmolarities (140, 190, 240, 290, 340, 
390 and 440 mosmol/l) showed differences in the expression 
of the h-Sgk within two hours. A Steep correlation of h-Sgk 
expression with the extracellular osmolarity was detectible 
over the entire range. A 30% increase in OSmolarity was 
asSociated with an approximately tripling of kinase expres 
Sion. An increase in osmolarity from 290 to 340 mosmol/l, 
and a decrease in concentration from 290 to 240 mosmol/l, 
induced significant changes in h-Sgk expression. The tran 
Scriptional control mechanism thus evidently reacts very 
Sensitively to changes in OSmolarity. Induction of h-Sgk 
RNA was independent of de novo protein synthesis. The 
increase in the transcript concentration in hypertonic BME 
medium is greater in the presence of the protein Synthesis 
inhibitor cycloheximide (10 ug/ml) than in the absence of 
the inhibitor. 

0041. The rapid decrease in the h-sgk transcript concen 
trations immediately after reducing the extracellular OSmo 
larity Suggests that the h-Sgk mRNA has a Short half-life. In 
order to investigate the rate of decrease of the h-Sgk tran 
Script concentrations, HepG2 cells were treated with hyper 
tonic medium (390 mosmol/l) for two hours in order to 
obtain a maximum increase in the h-Sgk transcript concen 
trations. Then some of the cells were exposed to the RNA 
polymerase inhibitor actinomycin D (5 ug/ml), and the 
remaining cells to hypotonic medium (190 mosmol/l). After 
various times, RNA was prepared and the transcript con 
centrations of the two groups of cells were compared. 
Actinomycin D treatment resulted in a rapid decrease in the 
h-Sgk transcript concentrations with an estimated half-life of 
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about 30 minutes. Treatment of the cells with hypotonic 
extracellular medium resulted in an equally rapid decrease in 
the transcript concentrations. 
0.042 Regulation of h-sgk transcript concentrations by 
isotonic changes in cell Volume. In order to be able to 
distinguish between the effects of changes in the cell Vol 
ume, the ionic strength and the OSmolarity, the cell Volume 
was manipulated by two different methods while keeping the 
ionic strength and osmolarity the same. Within two hours of 
isotonic cell shrinkage due to inhibition of the NaCl/KCl 
cotransporter and of the Na/H" exchanger with bumetanide 
and 3-methylsulfonyl-4-(1-piperidino)benzoylguanidine 
(EP-0416 499) there was an increase in h-sgk expression, an 
effect which was further enhanced by additionally increasing 
the extracellular OSmolarity. Cell Swelling by offering Vari 
ous amino acids (amino acid mixture of 1x BME amino 
acids, GIBCO/BRL) conversely resulted within two hours in 
a decrease in h-Sgk transcript concentrations. It is thus the 
cell Volume, not the oSmolarity or the ionic Strength, which 
regulates h-Sgk expression. 
0043. In order to check whether expression of -h-sgk in 
HepG2 cells is, Similar to the rat Sgk in mammary gland 
tumor cells Webster, M. K. (1993) Mol. Cell. Biol. 13, 
2031-2040, regulated by glucocorticoids or fetal calf serum 
(FCS), HepG2 cells were incubated with dexamethasone (1 
uM) or with FCS (10%) for two to 12 hours. No effect of 
glucocorticoids or FCS on the h-Sgk transcript concentra 
tions in HepG2 cells could be found in Northern blots. 
0044) Regulation of Sgk transcript concentrations by the 
extracellular osmolarity in Madin Darby canine kidney 
(MDCK) cells. In order to check whether the observed 
dependence of h-Sgk expression on cell Volume is a pecu 
liarity of HepG2 cells, the canine kidney epithelial cells 
MDCK were exposed to hypotonic (190 mosmol/l) and 
hypertonic (390 mosmol/l). BME medium for two hours. It 
was possible to detect h-Sgk transcripts with a length of 
about 2.6 kilobases even after Several high-Stringency wash 
ing steps with 0.5x SSC (standard saline. citrate) at 65° C., 
indicating great homology of the Sgk gene Sequences 
between different Species. 
0.045 Changes in the extracellular osmolarity had a simi 
lar effect on the transcript concentrations in MDCK cells as 
in HepG2 cells. 
0.046 Tissue-specific expression of h-sgk. A premade 
Multiple Tissue Northern Blot (CLONTECH, Heidelberg, 
Germany) was investigated with the h-sgk DNA probe. 
Expression of h-Sgk shows a certain tissue specificity, with 
greatest expression in pancreas, liver and myocardium. 
Expression is Somewhat leSS in placenta, lung and skeletal 
muscle. There is low but detectable expression in brain and 
kidney. In human brain tissue, expression is greatest in the 
Substantia nigra and the corpus calloSum, average in the 
corpora amygdala, hippocampus, nucleus caudatus and 
nucleus Subthalamicus, and least in the thalamus. It is of 
interest that a Second transcript of 7 kilobases was found in 
almost all tissues, with greatest expression in the pancreas. 
This transcript is possibly another h-sgk mRNA due to 
alternative Splicing or a gene homologous to h-Sgk. The 7 
kilobase transcript had not been found in HepG2 Northern 
blots. 

0047 Regulation of h-sgk expression by urea. The pres 
ence of urea in the extracellular Space depresses h-Sgk 
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expression. The diminution in h-Sgk expression was mod 
erate at 50 mmol/l urea and extensive with 100 mmol/l urea. 

0048 Discussion 
0049. The human gene h-sgk, whose transcription is 
regulated by changes in the cell Volume, codes for a putative 
Serine/threonine protein kinase with great homology with 
the Sequence of rat Sgk, which has recently been described 
as Serum- and glucocorticoid-regulated gene from rat mam 
mary gland tumor cells, as lesion-induced gene after CNS 
lesions in the rat brain Imaizumi et al., Mol. Brain Res. 26, 
189-196, 1994 and as gene induced by testosterone and 
follicle Stimulating hormone in granulosa cells of the rat 
ovary Richards et al., Recent Prog. Horm. Res. 50, 223-254, 
1995). The 49 kD h-sgk protein shows approximately 98% 
homology with the rat Sgk protein with Substantially con 
servative amino acid exchanges. It exhibits about 50% 
homology in its catalytic domain with Several kinases of the 
Second messenger family, Such as rac protein kinase, protein 
kinase C, ribosomal protein S6 kinase, and cAMP-depen 
dent protein kinase Webster et al., (1993b) J. Biol. Chem. 
268, 11482-11485, Webster et al. (1993a) Mol. Cell. Biol. 
13, 2031-2040). 
0050. The level of expression of the 2.6 kilobase h-sgk 
transcript in HepG2 cells is greatly influenced by changes in 
the extracellular oSmolarity. Increased transcript concentra 
tions were found. within 30 minutes after the extracellular 
oSmolarity was increased. This induction was independent 
of de novo protein Synthesis. The transcript concentrations 
fall within 30 minutes after the extracellular osmolarity is 
reduced. The decrease was as rapid as the fall after inhibition 
of transcription by actinomycin D. 

0051 Changes in cell volume accordingly influence the 
h-Sgk transcription rate. The reduced h-Sgk transcription rate 
after OSmotic cell Swelling and the short half-life ensure 
rapid and efficient relation of h-Sgk RNA. transcript con 
centrations in HepG2 cells. 

0052) Isosmotic changes in the cell volume influence 
h-Sgk expression in the same way. Cell Shrinkage was 
achieved by inhibiting the essential ion transport mecha 
nisms of the Na/H" exchanger and NaCl/KCl cotransporter 
by their specific blockers 3-methylsulfonyl-4-(1-piperi 
dino)-benzoylguanidine (EP-0 416 499) and bumetanide. 
Cell Swelling was brought about by adding amino acids and 
the Subsequent hepatocellular accumulation of the amino 
acids via Na'-dependent amino acid transporters Such as, for 
example, System A, N, and ASC. The transcript concentra 
tions correlated with the cell volume, not with the osmolar 
ity. 

0053. After long-lasting osmotic cell shrinkage, the tran 
Script concentrations increased Steeply within the first half 
hour and then remained elevated for 8 hours before they 
gradually declined again. This long-lasting increase is appar 
ently contradictory to the rapidity of cell Volume regulation. 
Liver cells which have been shrunk or Swollen osmotically 
do not, however, regulate their cell Volume completely but 
Still remain moderately shrunken or Swollen after the rapid 
phase of Volume regulation Häussinger et al., (1994) Am. J. 
Physiol. 267, E343-E355). 
0054 The remaining changes in cell volume might be 
responsible for the altered h-Sgk expression. 
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0.055 Besides the cell volume itself, urea has a great 
effect on h-Sgk expression. Urea exerts a destabilizing action 
on proteins and, in this way, imitates the effect of cell 
Swelling. The h-Sgk would thus be a Sensor of protein 
Stability or of the packing density of the cellular macromol 
ecules. The destabilizing effect of urea is diminished by the 
formation of trimethylamines, whereby the destabilizing 
effect of urea is probably diminished in cases of renal failure. 
0056. The cellular effects of h-sgk are still uncertain. In 
particular, it is not yet possible at present to State with 
certainty whether the effects of h-sgk are involved in cell 
Volume regulation. However, the effect of h-Sgk is immate 
rial for use of h-Sgk as diagnostic aid. 
0057. Despite the evident homology with the rat Sgk 
Sequence, we were unable to find any parallels to the 
regulation of the rat Sgk. Neither Serum (FCS) nor gluco 
corticoids (dexamethasone), both of which had showed a 
Strong effect on Sgk transcription in rat mammary gland 
tumor cells, affected h-Sgk expression in HepG2 cells. It 
therefore appears that different h-Sgk promoter Sequences 
regulate expression of the protein in the various types of 
cells. Thus it is conceivable that h-Sgk expression is not 
regulated exclusively by the cell Volume or the packing 
density. We were also able to detect a dependence of h-Sgk 
expression on cell Volume in kidney epithelial cells 
(MDCK) and in macrophages. The dependence of h-sgk 
expression on cell Volume is thus not peculiar to HepG2 
cells. The h-Sgk 5'-flanking Sequences in the various cells 
might uncover the regulating elements responsible for dif 
ferences in Sgk transcript expression. Like the previously 
described glucocorticoid- and Serum-induced expression of 
Sgk in the rat, the cell Volume-induced expression of h-Sgk 
RNA takes only 30 minutes. The half-life of 30 minutes for 
the h-Sgk transcripts in HepG2 cells is just as Short as the Sgk 
half-life in rat mammary gland tumor cells, as shown by the 
experiments with the RNA polymerase inhibitor actinomy 
cin D. 

0.058. The h-sgk transcript is expressed in all human 
tissues investigated to date. Expression is particularly great 
in pancreas and liver, possibly because of the Specialized 
epithelial function of these tissues. 
0059 Protein phosphorylation is a rapid and reversible 
mechanism for converting Signals from the extracellular 
Space into alterations of a large number of cell functions. 
The h-Sgk protein kinase might induce, by phosphorylating 
Specific proteins, Some of the mechanisms regulating cell 
Volume and represent a previously unknown link between 
cellular hydration and cell function. 

EXAMPLES 

0060) 1. Procedure for Northern Hybridizations: 
0061 10-20 mg of complete RNA or 1-2 mg of poly(A)- 
RNA were fractionated by electrophoresis in a 1% agarose 
gel in the presence of 2.2 M formaldehyde. Transfer to a 
positively charged nylon membrane took place with the aid 
of a Vacuum Blotter with 10x SSC as transfer buffer for a 
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period of two hours. Subsequently, the RNA was cross 
linked covalently to the membrane by controlled-power UV 
irradiation. Hybridization of the specific probe (25 ng/ml) 
was carried out at 50 C. overnight in a buffer specially 
developed for the purpose of non-radioactive hybridization 
(DIG Easy Hyb, BOEHRINGER). The probe used in this 
case was amplified by means of the polymerase chain 
reaction from the 3' end of the coding Sequence of the 
relevant h-sgk (nucleotide 980-1480) and simultaneously 
labeled by including DIG-dUTP in the reaction buffer. After 
the blots had been washed twice in 2x SSC at room 

temperature and in 0.5x SSC at 65 C., the labeled probe was 
detected by an ELISA using an anti-digoxigenin antibody 
coupled to alkaline phosphatase which produced a chemolu 
minescence reaction in CDP-Star (BOEHRINGER) which 
was detected by autoradiography (average exposure time 
about two minutes). 
0062) 2. Western Blot Analysis: 

0063 Details of antibody production: The rabbits were 
immunized by using two peptides from the h-Sgkamino acid 
sequence: Pos.386-Pos.404 (DPEFTEEPVPNSIGKSPDS), 
Pos.416-Pos.431 (EAFLGFSYAPPTDSFL). The two pep 
tides were conjugated to KLH and to MAP, respectively, as 
carrier and injected intracutaneously with complete and 
incomplete, respectively, Freund's adjuvant. The injection 
and blood-Sampling protocol followed Standard procedures. 
The immune Sera were purified by affinity chromatography, 
and the antibody fractions were collected and used at a 
concentration of about 1 mg/ml. 

0064. Immunoblot analysis: About 60 mg of total cellular 
protein were fractionated by electrophoresis through an 
SDS/7.5% polyacrylamide gel and transferred to a nitro 
cellulose membrane. The membranes were blocked in 3% 
BSA/5% milk powder/0.06% Tween 20 in PBS overnight. 
Primary (affinity-purified anti-h-Sgk) and Secondary (horse 
radish peroxidase-conjugated goat anti-rabbit IgG, Bio-Rad) 
were each incubated in 3% BSA/0.06% Tween in PBS at 
room temperature for one hour. An enhanced chemolumi 
nescence kit (ECL, Amersham) was used for immunodetec 
tion. 

0065 3. In situ-hybridization: 

0066 15 mm frozen sections underwent counterfixation 
in 4% formaldehyde for 20 minutes, followed by two 
washing steps in 100 mM phosphate buffer pH 7.2 for 5 
minutes each time. Proteinase K treatment (1 mg/100 ml) 
was followed by incubation in 0.1 M triethanolamine/ 
0.225% acetic acid for 10 minutes. After renewed washing 
with 100 mM phosphate buffer, the sections were dehy 
drated in an ascending alcohol Series. Prehybridization took 
place in hybridization buffer at 50 C., and the hybridization 
was carried out overnight. The probe used corresponds to the 
probe described for the Northern blots. Detection took place 
by enzymatic cleavage of an X-phosphate Solution catalyzed 
by an alkaline phosphatase coupled to anti-digoxigenin 
antibodies. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 4 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2370 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 
(A) NAME/KEY: CDS 
(B) LOCATION: 43. . 1335 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

CACGAGGGAG CGCTAACGTC TTTCTGTCTC CCCGCGGTGG TG ATG ACG. GTG AAA 

Met Thr Val Lys 

ACT GAG GCT, GCT. AAG GGC ACC CTC ACT TAC 

Thr Glu Ala Ala Lys Gly. Thir Leu Thr Tyr 

GTG GCA ATT CTC ATC GCT, TTC ATG AAG CAG 

Val Ala Ile Leu Ile Ala Phe Met Lys Glin 
25 30 

GAC TTT ATT CAG AAG ATT GCC AAT AAC. TCC 

Asp Phe Ile Glin Lys Ile Ala Asn. Asn. Ser 
40 45 

GAA GTT CAG TCC ATC TTG AAG ATC. TCC CAA 

Glu Val Glin Ser Ile Leu Lys Ile Ser Glin 
55 60 

ATG AAT GCC AAC CCT TCT CCT CCA CCA AGT 
Met Asn Ala Asn. Pro Ser Pro Pro Pro Ser 

70 75 

CTT GGC CCG TCG TCC AAT CCT CAT GCT. AAA 

Leu Gly Pro Ser Ser Asn Pro His Ala Lys 
85 90 

TTG AAA GTG ATC GGA. AAG GGC AGT, TTT GGA 

Leu Lys Val Ile Gly Lys Gly Ser Phe Gly 
105 110 

CAC AAG GCA GAA GAA. GTG TTC TAT, GCA GTC 

His Lys Ala Glu Glu Val Phe Tyr Ala Val 
120 125 

GCA ATC. CTG AAA AAG AAA GAG GAG AAG CAT 

Ala Ile Leu Lys Lys Lys Glu Glu Lys His 
135 14 O 

GTT CTG TTG AAG AAT GTG AAG CAC CCT TTC 

Val Lieu Lleu Lys Asn. Wall Lys His Pro Phe 
15 O 155 

TCT, TTC CAG ACT GCT GAC AAA TG TAC TTT 

Ser Phe Glin Thr Ala Asp Lys Leu Tyr Phe 
1.65 170 

GGT GGA GAG TTG TTC TAC CAT CTC CAG AGG 

Gly Gly Glu Lieu Phe Tyr His Leu Glin Arg 
185 190 

TCC 
Ser 
15 

AGG 
Arg 

ATT 
Ile 

CTG 
Teu 

GTC 
Wall 
175 

GAA 
Glu 

AGG 
Arg 

AGG 
Arg 

GCA 
Ala 

CAG 
Glin 

TCT 
Ser 
8O 

TCT 
Ser 

GTT 
Wall 

GTT 
Wall 

ATG 
Met 

GTG 
Wall 
160 

CTA 
Teu 

CGC 
Arg 

1 

ATG 
Met 

ATG 
Met 

GAG 
Glu 
65 

CAG 
Glin 

GAC 
Asp 

CTT 
Teu 

TTA 
Teu 

TCG 
Ser 
145 

GGC 
Gly 

GAC 
Asp 

AGG 
Arg 

GGT 
Gly 

Lys 
5 O 

CC 
Pro 

CAA 
Glin 

TT 
Phe 

CTA 
Telu 

CAG 
Glin 
13 O 

GAG 
Glu 

CT 
Telu 

TAC 

TTC 
Phe 

GGC ATG 

Gly Met 
2O 

CTG AAC 
Lieu. Asn 
35 

CAC CCT 
His Pro 

GAG CTT 
Glu Lieu 

ATC AAC 
Ile Asn 

CAC TTC 
His Phe 

100 

GCA AGA 

Ala Arg 
115 

AAG AAA 

CGG AAT 

Arg Asn 

CAC TTC 
His Phe 

ATT AAT 
Ile Asn 

18O 

CTG GAA 
Leu Glu 
195 

54 

102 

15 O 

198 

246 

2.94 

342 

39 O. 

4.38 

486 

534 

582 

630 
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-continued 

TGTGACACTT GCAGGACACT ACAACGTGGG ACATTGTTTG TTTCTTCCAT, ATTTGGAAGA 1895 

TAAATTTATG TGTAGACTTT TTTGTAAGAT ACGGTTAATA ACTAAAATTT ATTGAAATGG 1955 

TCTTGCAATG ACTCGTATTC. AGATGCCTAA AGAAAGCATT GCTGCTACAA ATATTTCTAT 2015 

TTTTAGAAAG GGTTTTTATG GACCAATGCC CCAGTTGTCA GTCAGAGCCG TTGGTGTTTT 2O75 

TCATTGTTTA AAATGTCACC TGTAAAATGG GCATTATTTA GTTTTTTTT TTTGCATTCC 2135 

TGATAATTGT ATGTATTGTA TAAAGAACGT CTGTACATTG GGTTATAACA CTAGTATATT 21.95 

TAAACTTACA GGCTTATTTG TAATGTAAAC CACCATTTTA ATGTACTGTA ATTAACATGG 2255 

TATAATACG TACAATCCTT CCCTCATCCC ATCACACAAC TTTTTTTGTG. GTGATAAAC 2315 

TGATTTTGGT TTGCAATAAA ACCTTGAAAA. ATAAAAAAAA AAAAAAAAAA AAAAA 2370 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 431 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Thr Val Lys Thr Glu Ala Ala Lys Gly Thr Leu Thr Tyr Ser Arg 
1 5 10 15 

Met Arg Gly Met Val Ala Ile Lieu. Ile Ala Phe Met Lys Glin Arg Arg 
2O 25 3O 

Met Gly Lieu. Asn Asp Phe Ile Glin Lys Ile Ala Asn. Asn. Ser Tyr Ala 
35 40 45 

Cys Lys His Pro Glu Val Glin Ser Ile Leu Lys Ile Ser Glin Pro Glin 
5 O 55 60 

Glu Pro Glu Lieu Met Asn Ala Asn Pro Ser Pro Pro Pro Ser Pro Ser 
65 70 75 8O 

Glin Glin Ile Asn Lieu Gly Pro Ser Ser Asn Pro His Ala Lys Pro Ser 
85 90 95 

Asp Phe His Phe Leu Lys Val Ile Gly Lys Gly Ser Phe Gly Lys Val 
100 105 110 

Leu Lieu Ala Arg His Lys Ala Glu Glu Val Phe Tyr Ala Wall Lys Wal 
115 120 125 

Leu Gln Lys Lys Ala Ile Leu Lys Lys Lys Glu Glu Lys His Ile Met 
130 135 1 4 0 

Ser Glu Arg Asn Val Lieu Lleu Lys Asn. Wall Lys His Pro Phe Lieu Val 
145 15 O 155 160 

Gly Leu. His Phe Ser Phe Gln Thr Ala Asp Llys Leu Tyr Phe Val Leu 
1.65 170 175 

Asp Tyr Ile Asn Gly Gly Glu Lieu Phe Tyr His Leu Glin Arg Glu Arg 
18O 185 19 O 

Cys Phe Leu Glu Pro Arg Ala Arg Phe Tyr Ala Ala Glu Ile Ala Ser 
195 200 2O5 

Ala Leu Gly Tyr Lieu. His Ser Lieu. Asn. Ile Val Tyr Arg Asp Lieu Lys 
210 215 220 
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-continued 

Pro Glu Asn. Ile Leu Lieu. Asp Ser Glin Gly His Ile Val Lieu. Thir Asp 
225 230 235 240 

Phe Gly Leu Cys Lys Glu Asn Ile Glu His Asn Ser Thr Thr Ser Thr 
245 250 255 

Phe Cys Gly Thr Pro Glu Tyr Leu Ala Pro Glu Val Leu. His Lys Glin 
260 265 27 O 

Pro Tyr Asp Arg Thr Val Asp Trp Trp Cys Lieu Gly Ala Wall Leu Tyr 
275 280 285 

Glu Met Leu Tyr Gly Leu Pro Pro Phe Tyr Ser Arg Asn Thr Ala Glu 
29 O 295 3OO 

Met Tyr Asp Asn. Ile Lieu. Asn Lys Pro Leu Glin Leu Lys Pro Asn. Ile 
305 310 315 320 

Thr Asn. Ser Ala Arg His Leu Lieu Glu Gly Lieu Lleu Gln Lys Asp Arg 
325 330 335 

Thr Lys Arg Lieu Gly Ala Lys Asp Asp Phe Met Glu Ile Lys Ser His 
340 345 35 O 

Val Phe Phe Ser Lieu. Ile Asn Trp Asp Asp Lieu. Ile Asn Lys Lys Ile 
355 360 365 

Thr Pro Pro Phe Asn Pro Asn Val Ser Gly Pro Asn Glu Leu Arg His 
370 375 38O 

Phe Asp Pro Glu Phe Thr Glu Glu Pro Val Pro Asn Ser Ile Gly Lys 
385 390 395 400 

Ser Pro Asp Ser Val Leu Val Thr Ala Ser Val Lys Glu Ala Ala Glu 
405 410 415 

Ala Phe Leu Gly Phe Ser Tyr Ala Pro Pro Thr Asp Ser Phe Leu 
420 425 43 O 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: <Unknown> 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Asp Pro Glu Phe Thr Glu Glu Pro Val Pro Asn Ser Ile Gly Lys Ser 
1 5 10 15 

Pro Asp Ser 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: <Unknown> 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Glu Ala Phe Leu Gly Phe Ser Tyr Ala Pro Pro Thr Asp Ser Phe Leu 
1 5 10 15 
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1-20. (canceled) 
21. A receptor which binds specifically to the human cell 

Volume-regulated kinase h-Sgk. 
22. The receptor according to claim 21, wherein the 

receptor is an antibody. 
23. The receptor according to claim 21, wherein the 

receptor is a monoclonal or polyclonal antibody. 
24. The receptor according to claim 21, wherein the 

receptor binds to at least one of the peptides Selected from 
the group consisting of: 

DPEFTEEPVPNSIGKSPDS; (1) 
and 

EAFLGFSYAPPTDSFL (2) 

25. A method for preparing antibodies for immunizing an 
animal, which comprises using at least one of the peptides 
Selected from the group consisting of: 

DPEFTEEPVPNSIGKSPDS; (1) 
and 

EAFLGFSYAPPTDSFL (2) 

26. A method of detecting in a Sample a receptor which 
binds to the human cell Volume-regulated kinase h-Sgk 
comprising: 

(a) contacting the kinase h-sgk with a sample Suspected of 
containing Said receptor under conditions Sufficient to 
allow binding of the h-Sgk to Said receptor, and 

(b) determining the extent of the binding. 
27. A method of detecting in a Sample a human cell 

Volume-regulated kinase h-Sgk or a fragment thereof, com 
prising: 

(a) contacting a receptor as claimed in claim 21 with a 
Sample Suspected of containing the kinase h-Sgk or a 
fragment thereof under conditions Sufficient to allow 
binding of Said receptor to the kinase h-Sgk, and 

(b) determining the extent of the binding. 
28. The method according to claim 27, wherein the 

method is an immunochemical method. 
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29. The method according to claim 27, wherein the 
receptor is an antibody. 

30. The method according to claim 27, wherein the 
receptor is a polyclonal or monoclonal antibody. 

31. The method according to claim 27, wherein the 
receptor binds to at least one of the peptides Selected from 
the group consisting of: 

DPEFTEEPVPNSIGKSPDS; (1) 
and 

EAFLGFSYAPPTDSFL (2) 

32. The method according to claim 27, wherein the 
receptor is an antibody which binds to at least one of the 
peptides Selected from the group consisting of: 

DPEFTEEPVPNSIGKSPDS; (1) 
and 

EAFLGFSYAPPTDSFL (2) 

33. A method of detecting cell Swelling or cell Shrinkage, 
comprising 

(a) obtaining a body fluid or Solid tissue sample, 

(b) contacting said sample with a receptor as claimed in 
claim 21, under conditions Sufficient to allow binding 
of Said receptor to the kinase h-Sgk, and 

(c) determining the extent of the binding. 
34. The method according to claim 33, wherein the 

receptor is an antibody. 
35. The method according to claim 33, wherein the 

Sample is obtained from a patient Suffering from a condition 
Selected from the group consisting of hypernatremia, 
hyponatremia, diabetes mellitus, renal failure, hypercatabo 
lism, hepatic encephalopathy, impaired regulation of hepatic 
metabolism, inflammation, and infection. 


