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Coupling of the RAS-MAPK Pathway to Gene 
Activation by RSK2, a Growth Factor-Regulated 

CREB Kinase 
Jun Xing," David D. Ginty," Michael E. Greenberg? 

A signaling pathway has been elucidated whereby growth factors activate the tran- 
scription factor cyclic adenosine monophosphate response element-binding protein 
(CREB), a critical regulator of immediate early gene transcription. Growth factor-stimu- 
lated CREB phosphorylation at serine-133 is mediated by the RAS-mitogen-activated 
protein kinase (MAPK) pathway. MAPK activates CREB kinase, which in turn phospho- 
rylates and activates CREB. Purification, sequencing, and biochemical characterization 
of CREB kinase revealed that it is identical to a member of the pp90RSK family, RSK2. 
RSK2 was shown to mediate growth factor induction of CREB serine-133 phosphoryl- 
ation both in vitro and in vivo. These findings identify a cellular function for RSK2 and 
define a mechanism whereby growth factor signals mediated by RAS and MAPK are 
transmitted to the nucleus to activate gene expression. 

Growth factors transmit signals from the 
plasma membrane to the nucleus to activate 
programs of immediate early gene (IEG) 
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transcription that are critical for cell prolif- 
eration and differentiation (1 ). Growth fac- 
tor binding to receptor tyrosine kinases pro- 
duces stimulation of a RAS-dependent ki- 
nase cascade that includes the sequential 
phosphorylation and activation of RAF, 
MEK (MAPK or extracellular signal-regu- 
lated kinase kinase), mitogen-activated pro- 
tein kinase (MAPK), and ribosomal protein 
S6 kinase (pp90Ek or RSK) (2).  Once acti- 
vated, MAPK translocates to the nucleus 
where it phosphorylates and activates the 
transcription factor ELK-1. ELK-1 binds, 
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together with the serum response factor, to 
the serum response element (SRE) within 
IEG promoters and functions in the activa- 
tion of IEGs in response to many growth 
factors (3). Like the MAPKs, members of 
the pp90RSK family translocate to the nu- 
cleus and phosphorylate several transcrip- 
tion factors in vitro (4-7). However, the in 
vivo function of RSKs in growth factor- 
stimulated cells remains unclear. 

The interaction of the ELK-1SRF com- 
plex with the SRE and the phosphorylation 
of ELK-1 in response to growth factors are 
crucial for the activation of the immediate 
early gene c-fos. However, these events are 
not sufficient to stimulate transcription of 
c-fos (8-1 0). Under some circumstances the 
SRE-binding proteins appear to mediate 
growth factor induction of c-fos transcrip- 
tion by cooperating with another transcrip- 
tion factor, the cyclic adenosine monophos- 
phate response element-binding protein 
(CREB), which can bind to three distinct 
sequence elements within the c-fos promot- 
er (8, 9,  11 ). Although CREB was first 
identified as a mediator of gene expression 
that occurs in response to increased concen- 
trations of CAMP, CREB also regulates the 
cellular response to growth factor stimula- 
tion (8, 9). Growth factors activate CREB's 
transcriptional activation potential by stim- 
ulating CREB phosphorylation at a specific 
amino acid, Ser'33. Phospho~~lation of 
CREB at Ser'33 is critical for growth factor 
induction of c-fos transcription (8). The ki- 
nase that catalyzes CREB Ser'33 phospho- 
rylation in growth factor-stimulated PC12 
cells, termed CREB kinase, is a RAS-depen- 
dent enzyme distinct from RAF, MEK, 
MAPK, and the well-characterized member 
of the RSK family, RSKl (8). 

Fig. 1. Purification of a A 
growth factor-inducible CREBtide 
CREB kinase. (A) Coo- -- - .+* 

massie blue staining of 
purified CREB kinase 125- 

D 
protein. CREB kinase pu- g851 
rified from TPA-treated 56- 
K562 cells (-1 kg) was ' 38- 1 2  
subjected to SDS-PAGE. 
(B) Phosphorylation of CREBtide (8), a peptide cor- 
responding to amino acids 123 to 136 of CREB, by 
purified CREB kinase. Purified CREB kinase was 
resolved by SDS-PAGE on gels prepared without 
(lane 1) or with (lane 2) CREBtide in the gel and 
subjected to an in-gel kinase assay (8). The low 
amount of phosphate incorporation into the 95-kD 
band in the absence of CREBtide is the result of 
autophosphorylation of CREB kinase on threonine 
residues (12). Because the purified CREB kinase 
used in this assay was electroeluted from gel slices 
containing only the 95-kD CREB kinase, the band 
detected at around 58 kD likely resulted from a 
small amount of degradation of the 95-kD CREB 
kinase that occurred during its isolation. 

CREB kinase activity is induced in vari- 
ous cell types in response to a wide range of 
growth factors (1 2). In the pheochromocy- 
toma cell line PC12, treatment with nerve 
growth factor (NGF), epidermal growth fac- 
tor (EGF), or the phorbol ester 12-0-tetra- 
decanoylphorbol 13-acetate (TPA) acti- 
vates CREB kinase, as does TPA treatment 
of HeLa cells and the human erythroleuke- 
mia cell line K562. CREB kinase was puri- 
fied to homogeneity from TPA-treated 
K562 cells (Table 1) (1 3). The purified en- 
zyme had an apparent molecular size of 
about 95 kD (Fig. 1A) and possessed both 
a~to~hosphorylation and CREB kinase ac- 

tivity (Fig. 1B). In a BLAST search, peptide 
sequences from purified CREB kinase (14) 
showed 100% identity to a single protein, 
the protein kinase RSKZ (15-17), as well as 
similarities to the other RSK family mem- 
bers RSKl (15, 16, 18, 19) and RSK3 (7, 
16). 

To  confirm that the major CREB kinase 
present in extracts of growth factor-treated 
cells is RSKZ, we fractionated extracts from 
control or NGF-stimulated PC12 cells on a 
Mono Q anion-exchange column and test- 
ed column fractions for CREB kinase activ- 
ity and RSKZ immunoreactivity (Fig. 2, A 
and B). Treatment with NGF resulted in 

Table 1. Purification of CREB kinase. Table of purification is from one typical preparation. Samples from 
several of such preps were pooled and subjected to preparative SDS-PAGE. A single band of CREB 
kinase identified by in-gel kinase assay was electroeluted. Estimated final purification was >20,000-fold. 

Step Procedure 

1 Homogenate 
2 100,000g supernatant 
3 S-Sepharose 
4 Phenyl-Sepharose 
5 Affi-Gel blue 
6 Mono Q 
7 Mono S 

Protein 
mass 

7.0 g 
2.2 g 
0.4 g 

73 mg 
30 mg 
2.2 mg 
0.4 mg 

Total activity 
(nmol min-') 

290 
120 
140 
56 
75 
24 
18 

Specific activity Purification Yield 
(nmol min-' g-') (fold) (%) 

Control 
NGF 1 

- , c u  

Fraction 3 s 7 9 1 1  n 14 15 16 1 7  1~ i s  20 :I :? ;? 74 ?1 ?fi 77 -s ii 33 i r  17 
Fig. 2. RSK2 is the 

B --- - -  growth factor-sensi- 
Control tlve CREB kinase. (A . . -  

ant 
CR 
fror 
exc 

1 6) Coelution of 
EB kinase activity 
n a Mono Q anion- 
:hange column with 

a protein recognized 
bv anti-RSK2. (A) Ex- 
tracts from control or 

3 5 7 9 11 13 14 15 16 17 18 19 20 21 22 23 24 2 5  26 27 29 31 33 35 37 N ~ ~ - t r e a t e d  - - (1 00 
RSKI R S K ~  ng/ml, 5 min) ~ ~ 1 2  

cells were applied to a Mono Q column, and proteins were eluted with a linear salt gradient (8). CREB 
kinase activity in column fractions was determined as described (8). (B) The same Mono Q column 
fractions were subjected to SDS-PAGE and protein immunoblot analysis with anti-RSK2 (UBI). In 
NGF-treated PC12 extracts, RSK2 eluted in fractions containing 0.09 to 0.21 M NaCI. In contrast. 
immunoblot analysis with anti-RSKI (UBI) or RSK3 (7) showed that RSKl immunoreactivity was present 
mainly in flow-through fractions, whereas RSK3 eluted in fractions containing 0.34 to 0.35 M NaCl 
(indicated by brackets). The failure to detect a complete correlation between CREB kinase activity and 
RSK2 immunoreactivity likely reflects differences in specific activity among differently modified (probably 
by phosphorylation) forms of RSK2. We confirmed the specificity of antibodies to RSKs by immuno- 
blotting lysates of COS cells overexpressing individual isoforms of the RSKs (72). (C) Induction of CREB 
kinase(RSK2) activity by growth factors. RSK2 was immunoprecipitated from lysates of untreated, 
NGF-treated (1 00 ng/ml, 5 min), or EGF-treated (30 nglml. 5 min) PC1 2 cells. The immune complex was 
incubated with a kinase buffer containing [y-37P]adenosine triphosphate and baculovirus-expressed 
CREB protein. The phosphorylated CREB was resolved by SDS-PAGE and visualized by autoradiography. 
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the elution of RSKZ in higher concentra- 
tion NaCl fractions, consistent with the 
possibility that RSK2 was modified by phos- 
phorylation in response to growth factor 
stimulation. In NGF-treated extracts, 
CREB kinase and RSKZ copurified. Protein 
immunoblotting with antibodies specific for 
RSK family members indicated that the 
three RSK isoforms were well resolved by 
Mono Q chromatography, and that under 
the conditions of stimulation only column 
fractions containing RSKZ displayed CREB 
kinase activity. Similar results were ob- 
tained from TPA-treated K562 cells (12). 
The identity of CREB kinase and RSKZ was 
confirmed in an immune complex kinase 
assay. Antibodies to RSK2, but not anti- 
bodies to RSK1, immunoprecipitated the 
CREB kinase activity present in the Mono 
Q column fractions (12). In addition, the 
CREB kinase activity of RSKZ immunopre- 
cipitated from extracts of PC12 cells was 
increased if cells were treated with NGF or 
EGF (Fig. 2C). 

To determine whether RSKZ is a physio- 
logically relevant growth factor-inducible 
CREB kinase in intact cells, we introduced 
hemagglutinin (HA) epitope-tagged wild- 
type (HA-RSK2) or catalytically inactive 
[HA-RSKZ(KR100)l versions of RSKZ (20) 
into COS cells. The expression of recombi- 
nant forms of RSKZ in transfected COS cells 
was assessed by protein immunoblotting of 
COS cell extracts with an antibody to HA 
(Fig. 3A). The wild-type and mutant RSKZ 
proteins were expressed in comparable 

amounts in COS cells. The mobility on S D S  
polyacrylamide gel electrophoresis (PAGE) of 
HA-RSKZ, but not HA-RSKZ(KR100), was 
decreased when extracts were prepared from 
EGF- or TPA-stimulated cells. This change in 
mobility is likely indicative of autophospho- 
rylation of HA-RSK2 that accompanies its 
activation. In addition, the kinase activity of 
HA-RSKZ was increased when COS cells 
were treated with EGF (1 2) or TPA (Fig. 3B). 
By contrast, HA-RSKZ(KR100) was inactive 
in kinase assays (1 2). 

To determine whether RSKZ phospho- 
rylates CREB Ser1j3 in vivo, we transfected 
COS cells with HA-RSKZ or HA- 
RSKZ(KR100) and a recombinant form of 
CREB (GAL4-CREB) (20). The difference 
in mobility between GAL4-CREB and 
CREB on SDS-PAGE made it possible to 
distinguish between the Seri33-phosphoryl- 
ated forms of GAL4-CREB and the endog- 
enous CREB. The transfected cells were 
stimulated with EGF or TPA, and the phos- 
phorylation of CREB at Seri3' was moni- 
tored by protein immunoblotting with an 
antibody specific for CREB only when it is 
phosphorylated on Ser133 (anti-PCREB) 
(21). The amount of GAL4-CREB ex- 
pressed was not affected by the presence of 
HA-RSKZ or the stimulation conditions 
(1 2). Upon treatment of the cells with ei- 
ther EGF or TPA, GAL4-CREB became 
phosphorylated on CREB Ser133 (Fig. 3C). 
When HA-RSKZ and GAL4-CREB were 
coexpressed in cells, the EGF- and TPA- 
induced increase in GAL4-CREB Ser133 

phosphorylation was greater than that in cells 
expressing GAL4-CREB alone (Fig. 3C). 
Thus RSKZ, when exogenously introduced 
into COS cells, appears to phosphorylate 
CREB at Ser13j upon growth factor stimula- 
tion. Because immunocytochemical analysis 
revealed that in transfected COS cells GAL+ 
CREB is localized exclusively in the cell nu- 
cleus (12), phosphorylation of CREB Ser'33 
appears to occur within the nucleus. 

Expression of HA-RSK2(KR100) ap- 
peared to inhibit the activity of the endoge- 
nous CREB kinase in EGF- or TPA-stimulat- 
ed cells (Fig. 3C), in that the amount of 
GAL4-CREB Seri33 phosphorylation in HA- 
RSK2(KR100)-transfected cells was less than 
that detected in cells transfected with GAL4- 
CREB alone. In contrast, growth factor-in- 
duced phosphorylation of ELK-1 Ser383, an 
event catalyzed by MAPK (3), was not affect- 
ed by the introduction into COS cells of 
either HA-RSKZ or the mutant HA- 
RSKZ(KR100) (Fig. 3D). These findings sug- 
gest that HA-RSKZ(KR100) functions in a 
specific manner as a dominant-interfering 
mutant and provide further evidence that 
RSKZ is a physiologically relevant CREB ki- 
nase in growth factor-stimulated cells. 

Growth factor stimulation of CREB ki- 
nase activity and CREB Seri33 phosphoryl- 
ation is inhibited by the expression of a 
dominant-interfering form of RAS (8),  sug- 
gesting that the activation of CREB kinase 
may be mediated by a component of the 
RAS-MAPK signaling pathway. Purified 
MAPK phosphorylates and activates RSK 

A R S K ~  B C R S K ~  D 
Control RSK2 (KR100) --- Control RSK2 Control RSK2 (KRI 00) --- B - - - - - - - - e e e  - +  - +  TPA e e e - 8 - 
F a L F < k F < k  190- - k a E k a F L a  8 5 9  o a w  O L W  O L W  6 0 n  o ~ a o w a  

190-0 C W O I -  W o k  W O - w = I - ~ - o  w I- u w r- 3 oc ocY 2 ,  89-. 1-II- 

108- - + - + - + - + E G F  
n- 112- 

108 .I 61 - + P-GAL4-CREB 
84- 86 - 

89 -+RSK2 - 41 - 70- - +P-ELK-I 
77 67- 1 2 3 4 5 6 7 8 9  

57 - 
61 - 1 2 3 4  

1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8  
Fig. 3. Phosphorylation of CREB SerlZ3 by RSK2 in vivo in response to growth factor stimulation. (A) 86- 
Expression of epitope-tagged RSK2 in COS cells. COS cells were transiently transfected (27) (3 pg of DNA per 70--- --.-- - + ELK-1 
60-mm dish) with an empty cloning vector pMT2 (lanes 1 to 3), an expression vector encoding HA-tagged 
wild-type RSKZ [pMT2-HA-RSK21 (lanes 4 to 6), or an expression vector encoding a catalytically inactive 57- 

mutant of RSK2 [pMT2-HA-RSK2(KRl00)] (lanes 7 to 9). Lysates were prepared from transfected COS cells 
that were untreated, treated with EGF (30 ng/ml, 10 min), or treated with TPA (1 00 ng/ml, 10 rnin), and subjected to SDS-PAGE. The immunoblot was probed 
with the monoclonal antibody to HA. 12CA5 (Boehringer Mannheim). The band migrating at -84 kD was nonspecific and present in all COS cell lysates. (6) 
Activation of the CREB kinase activity of transfected RSK2 by treatment of cells with TPA. COS cells transfected (27) (5 pg per 10-cm dish) with pMT2 (lanes 
1 and 2) or pMT2-HA-RSK2 (lanes 3 and 4) were either untreated (lanes 1 and 3) or treated with TPA (1 00 ng/ml. 10 rnin) (lanes 2 and 4). CREB kinase activity 
was measured with an in-gel kinase assay. Similar results were obtained when CREB kinase activity was measured with an immune complex kinase assay 
after immunoprecipitation with anti-HA (12). (C) Phosphorylation of GAL4-CREB by RSK2 in response to growth factor stimulation in vivo. COS cells were 
transfected (27) with 1 pg of CMV-GAL4- CREB together with 10 pg of pMT2 (lanes 1 to 3), pMT2-HA-RSK2 (lanes 4 to 6), or pMT2-HA-RSK2(KR100) (lanes 
7 to 9). Transfected COS cells were left untreated (lanes 1, 4, and 7) or treated with EGF (30 nglml, 5 min) (lanes 2, 5, and 8) or TPA (100 ng/ml, 5 min) (lanes 3, 
6, and 9). Lysates from transfected COS cells were separated on SDS-PAGE and immunoblotted with anti-PCREB. (D) Growth factor-induced phosphorylation 
of ELK-1 is not affected by wild-type or mutant RSK2. COS cells were transfected (27) with 1 pg of pCMV-ELK-1 together with 10 pg of pMT2 (lanes 1 and 2), 
pMT2-HA-RSK2 (lanes 3 and 4). pMT2-HA-RSK2(KRlOO) (lanes 5 and 6), or left not transfected (lanes 7 and 8). Cells were either untreated (lanes 1, 3, 5, and 
7) or treated with EGF (30 nglml, 5 min) (lanes 2,4,6,  and 8). Lysates were separated on SDS-PAGE and immunoblotted with anti-ELK-1 or with antibodies that 
recognize ELK-1 only when it is phosphorylated at SePRR (New England Biolabs). 
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family members including RSKZ in vitro 
(22), and MAPK associates with RSK pro- 
teins in vivo (23). Therefore, we examined 
whether MAPK activates CREB kinase- 
(RSKZ) in growth factor-stimulated cells. 

We transfected a constitutively active 
form of MEK (the kinase that phosphory- 
lates and activates MAPK) [MEKI (SEZ18/ 
222)] (20), a dominant-interfering form of 
MEK [MEKl(KA97)] (20), or a MAPK 
phosphatase (MKPl) that selectively de- 
phosphorylates and inactivates MAPK (24) 
into COS cells together with HA-RSK2 and 
GAL4-CREB. When constitutively active 
MEKl (SE218/222) was coexpressed in COS 
cells with CREB kinase(RSK2) and GAL4- 
CREB, a large amount of phosphorylation at 
GAL4-CREB Ser133 was detected even in 
the absence of growth factor treatment (Fig. 
4A). By contrast, when a dominant-interfer- 
ing MEK, MEKl (KA97), was coexpressed 
with CREB kinase(RSK2) and GAL4- 
CREB, EGF induction of phosphorylation of 
GAL4-CREB Ser133 was inhibited. Expres- 
sion of MKPl also inhibited the effect of 
EGF on phosphorylation of GAL4-CREB 
(Fig. 4B). These experiments indicate that 
the activities of MEK and MAPK are neces- 
sary and sufficient for growth factor-stimu- 
lated activation of CREB kinase(RSK2) and 
phosphorylation of CREB Ser'33. 

To test whether activation of CREB 
Ser"' phosphorylation by the MEK-MAPK- 

RSK2 signaling pathway is important for 
CREB-dependent gene expression, we used 
a mutant c-fos-chloramphenicol acetyltras- 
ferase (CAT) reporter (MZGfosCAT) gene 
in which the CREs are replaced by binding 
sites for the yeast transcription factor GAL4 
(8). CREB binding to the promoter region 
of M2GfosCAT can be reconstituted in cells 
upon cotransfection of an expression vector 
encoding GAL4-CREB, a chimeric protein 
in which CREB is fused to the DNA binding 
domain of the yeast transcription factor 
GAL4. Thus, in the presence of GAL4- 
CREB, but not a GAL4-CREB mutant in 
which Ser13' is changed to an Ala (GAL4- 
CREBml), NGF and other growth factors 
induce transcription of the MZGfosCAT re- 
porter gene (8, 9). Constitutively active 
[MEKl (SE218/222)] or dominant-interfer- 
ing (MEKl(KA97)l MEK was introduced 
into COS cells together with RSKZ, the 
M2GfosCAT reporter gene, and expression 
vectors encoding either GAL4-CREB or 
GAL4-CREBml. In the presence of 
GAL4-CREB, MEKl(SE218/222) but not 
MEKl(KA97) stimulated MZGfosCAT 
expression. Stimulation of MZGfosCAT 
expression by the MEK-MAPK-RSKZ sig- 
naling pathway was apparently dependent 
on phosphorylation of GAL4-CREB 
Ser'33 because expression of MZGfosCAT 
was not activated in cells expressing 
GAL+-CREBml (Fig. 5). These results in- 

Fig. 4. Regulation of A 
CREB kinase(RSK2) by 8 
the RAS-MAPK s~gnaling a e r -  - f =  .- 
pathway. (A) Regulation 1~-- . - - - - -  - + - +EGF 
of RSK2 activity by MEK. ..- - + - + - + E G F  

89- - - -  
COS cells were trans- loe-pp-- - - - - 77- - *  

61 - -P-GAL4GREB 
fected (27) with 0.5 k g  of EI .. - 
CMV-GAL4-CREB, 2.5 61-- -u +P-GAL4-CREE 41- 

kg  of pMT2-HA-RSK2, 1 2 3 4  
and 5 kg  of either an 41- 

empty cloning vector 1 2 3 4 5 6  

(pCDNA3, lanes 1 and 2), an expression vector encoding a constitutively active form of MEK [pCDNA3- 
MEKI (SET 8/222)] (lanes 3 and 4), or an expression vector encoding a dominant-interfering form of MEK 
[pCDNA3-MEKl (KA97)l (lanes 5 and 6). Transfected cells were either untreated (lanes 1,3, and 5) or treated 
with EGF (30 ng/ml, 5 min) (lanes 2,4, and 6). Cell lysates were separated on SDS-PAGE and immunoblotted 
with anti-PCREB. (B) Phosphotylation and activation of MAPK is required for RSK2 activation and phospho- 
rylation of CREB Ser133. COS cells transfected (27) with 0.5 kg of CMV-GAL4-CREB, 2.5 wg of pMT2-HA- 
RSK2, and 5 kg  of either the empty cloning vector pSG5 or an expression vector encoding the MAPK 
phosphatase (pSG5-MKPI) were untreated (lanes 1 and 3) or treated with EGF (30 ng/ml, 5 min) (lanes 2 and 
4). Cell lysates were subjected to SDS-PAGE and immunoblotted with anti-PCREB. 

Fig. 5. CREB kinase(RSK2)-mediated CREB Ser133 phospho- 3.0 
tylation contributes to gene activation. COS cells were trans- 2.5 
fected (27) with M2GfosCAT, GAL4-CREB, GAL4-CREBml, 5 $ 2.0 
RSK2, MEKI (SE218/222), or MEKI (KA97) as indicated. A 2 1.5 

pCMV-p-Gal construct encoding a p-galactosidase gene was Z F  4 1.0 

cotransfected as an internal control for variations in transfec- 0 0.5 
0 

tion efficiency and sample handling. Extracts were prepared 2 GAU-CREB + + + + - 
days after transfection and measured for CAT and p-galacto- GAL4-CREBml - - - - + 

- + + + +  sidase activity (28). CAT activity was normalized against p-ga- ~ ~ ~ ( S E 2 1 8 1 2 2 2 ) -  - - + + 

lactosidase activity from the same extracts. The data are av- MEKI(KA~~) - - + - - . 
erages from three independent experiments. Error bars, SEM. 

dicate that when the MEK-MAPK pathway 
is activated, RSKZ-mediated phosphoryl- 
ation of CREB Ser"' contributes to the 
activation of gene expression. Such growth 
factor-induced phosphorylation of CREB 
Ser'33 contributes to the activation of imme- - - ~  ~~ -- - 

diate early genes (8, 9) and delayed response 
genes containing CREB binding sites (9). 

Induction of c-fos transcription by growth 
factors results from the activation of multi~le 
transcription factors associated with the SRE 
or the CRE elements. MAPK catalvzes the 
phosphorylation of the transcription factor 
ELK-1, which interacts with the SRE (3). 
Our findings demonstrate that MAPK also 
indirectly influences the transmission of 
growth factor signals to the nucleus by stim- 
ulating CREB kinase(RSK2) to phosphoryl- 
ate CREB. The phosphorylated transcription 
factors CREB and ELK-1 then stimulate 
gene activation through a cooperative mech- 
anism (8,9). Thus, a bifurcation exists in the 
RAS-MAPK signaling pathway, both 
branches of which contribute to growth fac- 
tor induction of IEG transcription. 
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Control of MHC Restriction 
by TCR V, CDRI and CDR2 

Bee-Cheng Sim, Loukia Zerva, Mark I. Greene, 
Nicholas. R. J. Gascoigne* 

Individual T cell receptor VCR) V, elements are expressed preferentially in CD4 or CD8 
peripheral T cell subsets. The closely related V,3.1 and V,3.2 elements show reciprocal 
selection into CD4 and CD8 subsets, respectively. Transgenic mice expressing site- 
directed mutants of aV,3.1 gene were used to show that individual residues in either the 
complementarity-determining region 1 (CDRI) or CDR2 were sufficient to change se- 
lection from the CD4 subset to the CD8 subset. Thus, the germline-encoded V, elements 
are a major influence on major histocompatibility class complex (MHC) restriction, most 
likely by a preferential interaction with one or the other class of MHC molecule. 

Thymocytes that are positively selected on 
MHC class I proteins become peripheral 
CD8+ cells and those positively selected on 
MHC class I1 proteins become CD4+ pe- 
ripheral T cells (1). A n  a p  TCR transgene 
frotn a CD8+ T cell causes most T cells 
bearing that receptor to be positively select- 
ed into the CD8+ compartment (2), whereas 
a transgenic TCR from a CD4+ cell shows 
similarly skewed expression in the CD4+ 
population (3). Less extreme skewing into 
the CD4 or CD8 peripheral T cell subset is 
also seen with individual V regions-most 
noticeably with V, regions, which are pref- 
erentially expressed in one or the other sub- 
set (4-9). This phenomenon is largely inde- 

B -C. Slm and N R. J Gascoigne, Department of Immu- 
nology, The Scrlpps Research Institute, 10550 North 
Torrey Pines Road, La Jolla, CA 92037, USA, 
L Zerva and M I Greene, Department of Pathology, 
Universty of Pennsyvana, Phiadelpha, PA 191 04, USA 

=To whom correspondence should be addressed 
E-mail: gascoigne@scrpps edu 

pendent of MHC haplotype and suggests 
either that individual V, regions react pref- 
erentially with class I or class I1 lnolecules or 
that particular V, regions associate with the 
CD4 or CD8 coreceptors. 

The structure of the TCR V, domain has 
recently been deterrn~ned (10). The CDR3 
segments of TCR V, and Vp [produced by VJ 
or V(D)J recombination, respectively] are pre- 
dicted to lie centrally in the co~nbining site of 
the TCR (1 0, 1 1 ). If CDR3 interacts with the 
peptide bound in the MHC groove, the less 
variable germline-encoded CDRI- and 
CDR2-equivalent regions would be available 
to interact with the MHC a helices. Thus, 
the skewed expression of V, elements in CD4 
and CD8 subsets suggests that the CDRl and 
CDR2 of V, could play a role in distinguish- 
ing between class I and 11. Closely related 
members of the V,3 family undergo selec- 
tion by different MHC classes (7, 8), allow- 
ing deter~ni~latioll of the resldues involved in 
MHC class discrimination. In B6 mice, 
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