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Requirement for TNF-CY and IL-I  a in Fetal arrangement. We therefore investigated the 
molecular mechanism of CD25 induction 

Thymocyte Commitment and Differen tiation and its significance in thym~cyte differenti- 
ation and commitment to the T lineage. 

Juan Carlos ZuAiga-Pfliicker," Di Jiang, Michael J. Lenardo TO study CD25 induction, we prepared 

CD25 expression occurs early in thymocyte differentiation. The mechanism of induction 
of CD25 before T cell receptor rearrangement and the importance of this mechanism for 
T cell development are unknown. In a thymus reconstitution assay, tumor necrosis factor 
a (TNF-a) and interleukin-1 a (IL-1 a), two cytokines produced within the thymic micro- 
environment, induced CD25 expression on early immature thymocytes. Either TNF-a or 
IL- la was necessary for further thymocyte maturation and CD4+CD8+ differentiation. In 
irradiated mice reconstituted with CD117+CD25+ thymocytes, commitment to the T cell 
lineage was marked by the loss of precursor multipotency. 

A n  important question in developmental and 15 of mouse fetal development (Fig. IA) 
biology is the nature of the molecular sig- and express gene regulatory proteins and sur- 
nals that occur between i~lteracti~le tissues face ~roteins that are characteristic of anti- - 
during organogenesis. In the immune sys- gen-activated mature T cells (6). Although 
tem, the thymus is formed when the rudi- mature T cells express CD25 after TCR li- 
mentary thymic stroma is colonized by fetal gation (7), CD25 expression by CD117+ 
liverderived hematopoietic stern cells at immature thymocytes occurs before TCR re- 
day 12 of fetal life, and it provides the 
necessary elements for the commitment and 
differentiation of stem cells into T cells ( 1 ,  
2) .  During early fetal thymic development, 
it is unclear when commitment to the T 
lineage occurs. Newly arrived thymic lym- 
phocyte precursors express CD117 (c-kit), 
which is the receptor for stern cell factor 
(SCF) and identifies cells from the fetal 
liver, hone marrow, and thymus that display 
hematopoietic stem cell function (3). The 
loss of CD117, beginning approximately at 
day 15, correlates with initiation of T cell 
receptor (TCR) p-chain rearrangement (3). 
The next step in thymocyte maturation is 
associated, in both mouse and human, with 
the exuression of CD25 (IL-2 receutor oc 

Fig. 1. T cells go through a CD117-CD25- stage 
during early fetal thymc development. (A) CD25 
and CD117 expression as a functlon of time In 
mouse fetal thymic development and in day 13 
fetal liver (15). Percent stalnlng for CD117 versus 
CD25 IS glven for the upper left (UL), upper rlght 
(UR), lower left (LL), and lower right (LR) areas of 
the flow cytometry plots. Fetal ve r  cells, UL, 
0.0%; UR, 0.5%; LL, 78.7%; and LR, 20.7%. Day 
13 fetal thymus, UL, 4.7%; UR, 27.0%; LL. 
21.8%; and LR, 46.5%. Day 14 fetal thymus, UL, 
35.1 %: UR. 24.2%; LL, 22.6%; and LR. 18.1 %. 
Day 15 fetal thymus, UL, 59.1%; UR, 9.4%; LL, 
24.3%; and LR, 7.2%. Adult thymus, UL, 11.6%; 
UR, 1.8%; LL, 81.2%; and LR, 5.45%. (B) Pheno- 
type of the HSA-CD25 SClD immature thymo- 
cytes prepared by treatment wlth antlbody and 

A Fetal liver 

1 - r - 7  

Dav 15 fetal thvmus Adult thvmus 

Day 13 fetal thymus Day 14 fetal thymus 

chain) (4); however, it is apparent that complement elimination of later thymocyte stages 

billding of I L - ~  is not required for norlnal (16). Percent staining for Thy-1 versus CD117: 
thymus developlnent (5). Nel,ertheless, CD25-HSA- thymocytes (not'ireated), UL, 1.9%: 

UR, 18.2%; LL, 14.3%; and LR, 65.5%. 
predominate at l 4  CD25HSA- thymoc;ites (treated), UL, 7.8%; -l 

S 
Laboratory of Immunology, Natlona nstltute of Allergy UR, 45.6%; LL, 44.2%; and LR, 2.3%. Percent 0 
and nfect~ous Diseases, Bethesda, MD 20892, USA. stain~ng forThy-1 versus CD44: CD25+HSA+ thy- 

'Present address: Unlverslty of Toronto. Department of mocfles, UL' 2,3%: UR, 18,7%: LL' 6,7%; and 
Immunology, Medcal Scences Bu~ld~ng, Toronto, Ontar- LR, 72.3%. CD25-HSA thymocytes, UL, 13.7%; 
lo M5S 1A8, Canada. UR, 83.4%; LL, 1.2%; and LR, 1.7%. Thy-1 

! 
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immature thymocytes by means of antibody- 
and complement-mediated depletion of 
more mature thymocytes that expressed 
0 2 5 ,  heat-stable antigen (HSA), or both. 
Treated day 15 fetal thymocytes or thyrno- 
cytes from neonatal mice with severe com- 
bined iln~nunodeficiency disease (SCID) 
yielded a small primitive cell popl~lation 
(<4% of thymocytes) that expressed CD117 
and 0 4 4  (Pgp-1), a8hich are characteristic 
of hematopoietic progenitors (Fig. 1B) (3). 
Preliminary results showed that either the 
combination of phorbol myristate acetate 
(PMA) and ionornycin or cocultivation with 
certain strolna cell lines could support pro- 
gression from the CD25- to the CD25' 
stage after 18 to 24 hours of incubation in 
vitro (8).  These experiments also showed 
that the ability of strolnal lines to stimulate 
CD25 expression directly correlated with 
their ability to produce TNF-a (8) .  We 
found that the direct addition of TNF-a (50 
ng/ml), a cytokine produced by thymic stro- 
lnal cells, to CD117+CD25- thy~nocytes in- 
duced CD25 expression in a 24-hour assay 
(Fig. 2A). Induction of CD25 expression was 
also observed wit11 IL-la (50 ng/ml) (Fig. 
2A), another cytokine produced by thymic 
stromal cells that shares many hiological 
properties with TNF-a (9) ,  but not with 100 
ng/inl of other cytokines such as lympho- 
toxin or IL-6 (Fig. 2A). Treatinent with 
TNF-a and IL-la together gave an additive 
effect, which suggested that either cytokine 
alone was sufficient to prolnote CD25 ex- 
pression. The addition of IL-7 resulted in 
increased recovery of viable CD25+ thymo- 
cytes in 24-hour cultl~res with TNF-a, IL- 
la, or both (Fig. 2A) (1 0, 1 1 ). SCF was also 
added in all experiments to enhance thymo- 
cyte viability (3). Other markers, CD59 (12) 

and high expression of Thy-1, which are 
characteristic of the CD25+ stage in vivo, 
were also induced by TNF-a and IL-la (1 3), 
anil CD25 induction occurred exclusively on 
CD117+ thymocytes (Fig. 2B). Thus, treat- 
ment of the 0 2 5 -  progenitors with TNF-a 
and IL-la caused them to reach a CD25+ 
phenotype in vitro similar to that of CD25+ 
thymocytes in vivo. 

We next perforrneil a thymic re cons tit^^- 
tion assay to investigate whether the 
CD11 7+CD25+ stage was a necessary step in 
thyrnocyte development and to assess direct- 
ly the role of TNF-a and IL-la in early 
thymocyte differentiation (14). Hematopoi- 
etic cells of fetal thyrnlrses were depleted 
with deoxyguanosine to create thylnic stro- 
rnal "sl~ells." Then, fetal liver stem cells were 
added to recapitulate the first stages of thy- 
mic development (Fig. 3A). After a 5-day 
cu l t~~re ,  addition of control antibodies to the 
deoxyguanc>sine-fetal thymic organ cultures 
(dGuoFTOC) reconstituted with the fetal 
liver cells did not prevent the emergence of 
a large fraction of lymphocytes (18.9%) ex- 
pressing 0 2 5 .  However, when neutralizing 
antiboiiies to both IL-la and TNF-a were 
added, few CD25+ thyrnocytes (1.7%) ap- 
peared (Fig. 3A). Addition of either anti-IL- 
l a  or anti-TNF-a alone did not Sock  CD25 
expression (8) ,  ~vhich confirmed that IL-la 
and TNF-a perforin overlapping or coinpen- 
satory f~~nct ions in the generation of CD25+ 
thymocytes. All hematopoietic cells detect- 
ed were of donor origin (Fig. 3A), and no 
lymphocytes were recovered without the ad- 
dition of fetal liver stem cells (8 ,  14). We 
also noted a 21% reduction in Thy-1'" cells 
and an increase of Thy-1'" cells in treated 
cultures as co~npared to control cultures; this 
finding provided independent evidence that 

Fig. 2. In vitro induction of 
CD25 expression on 
HSA-CD25 day 15 fetal 
thymocytes by treatment 
with TNF-a, L- la ,  and L -  
7. (A) Increases n CD25 
expression (multiples of 
baseline amount) as deter- 
mined by flow cytometv 
after a 24-hour ~ncubation 
in SCF with additional cy- 
tokines as nd~cated (17). 
No lymphokine was added 
in the control condition; no 
increase in CD25 expres- 
slon over the control was 
observed with L-6 or LT. 
(B) Two-color flow cytom- 
etry analysis of CD25 and 
CD117 expression from 
isolated immature CD25- 

A Control 
TNF 
IL-1 
IL-6 

LT 
TNF + IL-I 

I t -7  
TNF + IL-7 
IL-1 + IL-7 

TNF + IL-1 + IL-7 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Increase in CD25 expression 

B Control TNF-a + IL-7 IL-1 a + TNF-a + IL-7 

j 1 i I 1 ;  / 1 

HSA- SClD thymocytes CD117 
(Fig. 1C) cultured for 36 hours in the presence of SCF with or without the addition of TNF-LU and L-7 or 
of L - 1  a ,  TNF-a, and IL-7 ( 7  7). Percent staining for CD117 versus CD25: Control cultures, UL,  0.8%; U R .  
1.8%; LL. 62.4%; and LR,  35.1 %. TNF-LU + IL-7 cultures, U L ,  11.3%: U R ,  59.5%; LL, 10.1 %; and LR,  
19.1 %. IL-1 LU + TNF-LU + IL-7 cultures, UL, 4.1 %: U R ,  56.0%; LL, 14 7%; and LR,  25.2%. 
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the CD25+ stage, which is accompanied by 
high Thy-1 expression, was not reached (Fig. 
3A). Thus, these cytokines participate in the 
normal strolnal signals that mediate ad- 
vancement to the CD25+ stage of thymic 
differentiation. 

To  determine the effect of preventing the 
CD25+ stage on overall thylnocyte develop- 
ment, we pelforrned longer reconstitution 
assays. A 9-day culture of control dGuo- 
FTOC led to the emergence of a large num- 
ber of double-positive CD4+CD8+ thymo- 
cytes (51.6%) as well as single-positive 
CD4' and CD8' thylnocytes (1.4 and 8.9%, 
respectively). In antibody-blocked dGuo- 
FTOC, fewer double-positive cells (0.8%) and 
single-positive CD4+ cells (0.1%) or CDSt 
cells (0.4%) emerged (Fig. 3B). Reconstituted 
dGuoFTOC treated for 5 days wi't neutraliz- 
ing antibodies and cultured for six Inore 

Control FTOC Anti-TNF-a + anti-IL-1 a 

A i , - 
I ! 

Forward light scatter 

I I 

H-2Kb (donor) 

1 I ' I  

CD8 

Fig. 3. Neutralization of TNF-a and IL-la pre- 
vents CD25 expression on developing thymo- 
cytes and interferes w~th CD4'CD8+ thymocyte 
differentiation. Fetal liver (C57BU6)-reconstitut- 
ed dGuoFTOC (BALBJc) were treated with neu- 
tralizing antibodies to TNF-a and IL-1 LU,  and con- 
tio cultures were given irrelevant antibodies (18). 
(A) Two-color flow cytometry an!lysis of day 5 
reconstituted dGuoFTOC. percent staining for 
forward light scatter versus CD25,:.Control FTOC, 
UL,  2 9%; U R ,  18.9%; LL, 38.9'%; and LR,  40.1 %. 
Anti-TNF-a + anti-IL-la FTOC, UL,  1 . I  %; U R ,  
1.7%; LL,  51 8%: and LR,  45 4%. Percent stain- 
ing for H-2Kb (donor) versus Thy-1 : Control FTOC, 
UL,  2.0%; U R ,  49.0%; LL, 0.8%; and L R ,  48.4%. 
Anti-TNF-a + anti-IL-la FTOC, UL.  2 5%: U R ,  
38.8%; LL, 0.8%; and LR,  57.9% (B) Two-color 
flow cytometty analysis of day 9 dGuoFTOC. Per- 
cent staining for CD8 versus CD4: Control FTOC, 
UL,  1.4%; U R ,  51.6%; LL, 38.1%; and LR,  8.9%. 
Anti-TNF-a + anti-IL-ILU FTOC, U L ,  0.1%: U R ,  
0.8%; LL, 96.7%; and LR, 0.4%. 
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days after removal of the antibodies showed 
a restoration of development to the double-
and single-positive stages (8). Thus, stromal 
cytokine signals that lead to the CD25 + 

stage are obligatory for further maturation 
and attainment of the double-positive stage. 

After acquiring CD25 and losing CD117 
expression, thymocytes initiate TCR rear­
rangement (3). This observation suggested 
that attainment of the CD25+ stage may be 
intimately linked to T cell lineage commit­
ment. We isolated CD117+CD25~ and 
CD117+CD25+ day 14 to 15 fetal thymo­
cytes from C57BL/6 (Ly5.1) mice by fluo­
rescent cell sorting and intravenously in­
jected these populations or day 13 fetal liver 
cells into sublethally irradiated congenic 
mice (Ly5.2). Because CD117+CD25- and 
CD117+CD25+ thymocytes share the abil­
ity to give rise to T cells after intrathymic 
transfer (8), their function as T cell precur­
sors was not at issue; however, their ability 
to give rise to other lineages has not been 
compared (2, 3). Thymocyte progenitors 
are known to repopulate lymphoid lineages 
but not myeloid lineages (2) and thus may 
contain committed lymphoid progenitors. 
We therefore tested for donor reconstitu-
tion of B lymphocytes and natural killer 
(NK) ceils. Both fetal liver cells and 
CD117+CD25~ thymocytes gave rise to B 
lymphocytes and to NK cells of donor ori­
gin (Ly5.1) in irradiated host mice (Fig. 4). 
Therefore, the CD117+CD25- fetal pre­
cursor population can generate multiple 
lymphoid lineages and may be functionally 
analogous to CD4 loCD117+ thymocytes in 
the adult thymus (2). In contrast, B cells 
and NK cells of donor origin were not de­
tected after injection of the same number of 

CD117+CD25+ thymocytes (Fig. 4). Nei­
ther CD117+CD25- nor CD117+CD25 + 

progenitors gave reconstitution of T cells in 
the thymus or peripheral lymphoid com­
partments, which suggested that fetal thy­
mic progenitors may lose their capacity to 
home back to the thymus (8). Thus, com­
mitment to the T cell lineage and loss of 
multipotency occur at the stage when 
CD117+ progenitors express CD25. 

Our study has sought to dissect the 
molecules involved in controlling one of 
the first stages of thymocyte development. 
We have shown that critical stromal sig­
nals for thymocyte development are medi­
ated by TNF-a and IL-la. The simplest 
interpretation of our data is that TNF-a 
and IL-la act directly on lymphocyte pre­
cursors, but it is also possible that these 
cytokines act indirectly on a non-T cell 
subset that is critical for T cell maturation. 
The fact that all mouse thymocytes go 
through a CD25+ stage suggests that TNF-
a - and IL-la-mediated precursor differ­
entiation, which includes CD25 expres­
sion, represents a necessary step during T 
cell development and that further matura­
tion to double-positive thymocytes is se­
verely impaired by prevention of the 
CD25+ stage. Our results do not indicate 
any direct role for CD25 in thymocyte 
differentiation. Although attainment of 
the CD25+ stage by CD117+ thymocytes 
is permissive for further T cell differenti­
ation, it is also restrictive in that precursor 
activity for B or NK lymphocytes is lost. 
The identification of TNF-a and IL-la as 
critical influences on these processes will 
allow further investigation into the molec­
ular mechanism by which differentiation 

mmmm^msmEm:'-

and lineage commitment are achieved 
through interactions between developing 
thymocytes and stromal cells. 
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specf~c for CD25 and CD117 (Pharmngen) and were 
analyzed w~th  a FACScan (Becton Dcknson Mountan 
V~ew, CA) flow cytometer and Lys~s I software The 
specf~cty of antbody stanng was confrnied with so- 
type-matched control ant~bodies. CD117 expression 

was s m a r  to that prevousy reported (3). 
16. H S A C D 2 5  day 14 to 15 fetal and neonatal SCID 

thymocytes were obtaned by antbody- and coni- 
plement-nied~ated lys~s. S~ngle-cell suspensions of 
thyrnocytes (25 x 1 OG to 30 x 1 OG cells) were ncu-  
bated on Ice w~ th  300 k l  of culture supernatant of 
J11d.2 (anti-HSA) and 7D4 (antl-CD25) for 15 mln, 
Low-Tox rabb~t complement (Cedar Lane, Hornby 
Ontarlo) was added, and cells were ncubated at 
37'C for 30 min. After complement-~ned~ated lysts, 
vabe  cells were recovered by density cent r f~~gaton 
w~ th  Lyniphoyte-M (Cedar Lane). CD25-HSA thy- 
niocytes represented 4% of total day 15 fetal or 
neonatal SCID thymocytes. CD25+HSA+ thymo- 
cytes represented freshly isolated cells that were not 
treated w ~ t h  antl-CD25 or ant-HSA. 

17. HSA C D 2 5  day 14 to 15 fetal arid neonatal SCID 
thyniocytes (1 X 10"o 3 x 10" (16) were cultured 
for 24 liours In round-bottom 9 6 - w e  mlcrotlter 
piates In 200 kl of Ciick's medum [B~oflu~ds) wlth 
10% fetal calf serum. A cytok~nes were obta~ned 
from R&D Systetns (Minneapos, MN). TNF-a L - l a ,  
and L - 7  were used at 50 ng/nil, L - 6  and ympho- 

toxn [Li) were used at 100 ng/m and SCF was 
used at 20 nglnil. Cell recovery was not affected by 
the addton of TNF-a or L - I  R.  however addton of 
L - 7  Increased total cell recovery by 30 to 4056 n 
both the control and treated cultures. CD25 expres- 
son  on control (SCF only) cultures was 5 to 1096. 
The Increase of CD25 expresson cornpared to t s  
expression In control cultures was detertn~ned by 
flow cytonietry CD25 nducton was not a result of 
outgrowth of a CD25+ subpopuaion because ()cell 
y e d s  n cultures w~ th  or w~thout TNF-a treatment 
were s n i a r  (11) no cellular turnover was observed, 
and ( i )  CD25 expresson could be detected as early 
as 8 liours after treatment (Flg 2A) (8). In F I ~ .  2B 
SClD thyniocytes gave better cell yield r i  culture, 
result~ng In greater recovery of CD25+ cells The 
data shown correspond to the average of tripcate 
cultures and are representatve of at least f~ve nde-  
pendent t ras .  

18. Day 15 fetal thyniuses (BALB/c) were placed In organ 
culture for 6 days n the presence of 1.0 mM deoxy- 
guanoslne (74) and then washed for 1 day before 
reconstitut~on. Day 13 fetal Iver cells (C57BU6) (3 x 
lo4)  were used to reconstitute the thymc shells In a 
hanglng drop setup for 24 liours (14). Reconstituted 
dGuoFTOC were then cultured, under standard 
FTOC condt~ons (14), for 5 or 9 days before flow 
cytonietry analys~s. Ant~bodies to mouse TNF-a, 

Isolation of an hMSH2-p160 Heterodimer That 
Restores DNA Mismatch Repair to Tumor Cells 

James T. Drummond," Guo-Min Li,* Matthew J. Longley, 
Paul Modrich7 

A mismatch-binding heterodimer of hMSH2 and a 160-kilodalton polypeptide has been 
isolated from HeLa cells by virtue of its ability to restore mismatch repair to nuclear 
extracts of hMSH2-deficient LoVo colorectal tumor cells. This heterodimer, designated 
hMutSa, also restores mismatch repair to extracts of alkylation-tolerant MTI lympho- 
blastoid cells and HCT-15 colorectal tumor cells, which are selectively defective in the 
repair of base-base and single-nucleotide insertion-deletion mismatches. Because HCT- 
15 cells appear to be free of hMSH2 mutations, this selective repair defect is likely a result 
of a deficiency of the hMutSa 160-kilodalton subunit, and mutations in the corresponding 
gene may confer hypermutability and cancer predisposition. 

Cer ta in  sporadic cancers and virtually all 
tumors that occur in patients with heredi- 
tary nonpolyposis colorectal cancer 
(HNPCC) are character~zed by a high 
incidence of in~ltation in microsatellite re- 
peat secluences [rev~ewed in ( I ) ] ,  atlii cell 
lines derived from such tuinora are geneti- 
cally ~lnstable (2-4). Cancer predisposition 
in most HNPCC kindrecis is attributable to 
defects in ally one of four genes, all of \~;hich 
encode homologs of the microbial mis- 
match repair proteins M L I ~ S  and MutL. The 
hMSH2 gene specifies a MutS homolog (5) ,  
whereas ItMLHI, hPMS1, and hPMS2 en- 
code holnologs of MutL (6,  7). 

As judged by biochemical assay, tumor 
cells that display microsatellite instability 
are typically defective In mismatch correc- 
t ~ o n  (2 ,  8), thus providing a direct link 
between the HNPCC genes and genetic 
stability afforded by this DNA repair sys- 
tem. For example, the H6 anii LoVo colo- 
rectal tumor cell lines, which are defective 
in both alleles of hMLH1 and hMSH2, re- 
spectively (6 ,  a ) ,  are both defective in mis- 
match repair. A n  activity that restores mis- 
match repair to extracts of hMLH1-defi- 
ciellt H6 cells has been isolateii from HeLa 
cells and sllown to be a heterodilner of 
llMLH1 and hPMS2 (9). 

A l t h o ~ ~ e l ~  hMSH2 has been shown to 

j .  T. Drunimond and p, Modrich, Howard H~lghes Med. himi lnislllatched base pairs (1 0, 1 11, the 
cal lnsttute and Dersa~ment o i  Bochemistw, Duke Un -  form of the protein active in mismatch repair 
versty Medca center, Durham, NC 2 7 7 1 0 , ' ~ ~ ~ .  has not been defined. To  clarify this issue, 
G.-M Lt and M. J Longley, Depa-irnent of Btochemstry, 
Dlrke Unlverslty Dulham, NC 27710 we isolateii from HeLa cells a component 
i ISA that restores mismatch r e ~ a ~ r  to nuclear ex- . - 

'These alrthors contriblrted eqlray to this work. tracts of LoVo cells (1 2). This coillple1nent- 
+To wiiom correspondence sho~lld be addressed. ing activity, designated hMutSru, is associat- 

tnouse L l a ,  and tiunian Interferon y (control) were 
obtaned from Genzynie (Cambrdge, MA). Antbodies 
were used at a f n a  d u t o n  n stock of 1.80. Antbod- 
es  were added every other day staring w~ th  day 1, to 
the FTOC. No changes In cell recovery were observed 
by day 5 of culture; tiowever, by day 9 3056 fewer 
cells were ~~sual ly recovered per thymlc lobe from the 
ant~body-treated FTOC 

19. Day 14 to 15 fetal thymocytes, whch  had been 
gated for lack of CD3 expresson to exclude mature 
y8 T cells were sorted by flow cytonietry Into 
CDI  17+ thymocytes w~ t l i  or w~thout coexpresson 
of CD25 Day 13 fetal Iver cells (1 x 10" or sorted 
day 14 to 15 fetal thyniocytes (2 x 1 OVo  3 x I 05) 
(>9856 purtty; FACStar-plus, Becton Dlcktnson) 
were ntravenousy njected Into Ly5 congenc host 
m c e  tradated w ~ t h  7 5 Gy (750 rads). After 22 
days per~phera lymphocytes (pooled spleen and 
ynipi i  nodes) were collected and analyzed for do- 
nor-der~ved lymphocytes. 

20. We thank C. Egst and D. Stephany for fluorescent 
cell sortlng and R N Germa~n, B J. Fowlkes, P. 
Schwartzberg, and M. H. Julius for read~ng the 
manuscr~pt. Supported by the .lane Coff~n C h d s  
Meniora Fund for Medca  Research [J.C.Z.-P.) and 
Cancer Research lnsttute (M J.L.) 
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ed with two polypeptides of 105 kD and 160 
kD (Fig. 1A). The 105-kD proteln was 
sho.ivn by iinm~~noblot to he hMSH2 (Fig. 
1B). The rnolar ecl~~~valence of the two 
polypeptides (1 3)  suggesteil that they might 
interact. T o  test this possibility, we moni- 
tored the protein compos~tion and act~vity of 
purified hMutSru (1 2) during gel permeation 
chromatography and band sedimentation 
through sucrose density grad~etlts (14). As- 
sociation of the two polypeptides and their 
relative stoichiometry (0.92 2 0.05 inol per 
1 mol, n = 5) were preserved d~lritlg these 
procedures. 

We estimated the native relative molec- 
ular mass of 11hl~1tSa~on the basis of its 
Stokes' radius (R,; 67 A ) ,  ~ t s  sedimentation 
coefficient (9.0S), and the partial specific 
vol~lme of the subunits (14, 15). Assuming a 
typical protein partial specific \~olume of 
0.725 cin3/g for p160 (15) and a calculated 
partla1 specific volume (16) of 0.741 c t ~ ' / ~  
for hMSH2 based on the predicted amino 
acid sequence (5) ,  these hyiirodynainic pa- 
raineters illiiicate a nati\~e molecular mass of 
255 kD. Because this value is close to that 
expected for a 1: 1 coinples of the two 
polypeptides, we concl~lde that hMSH2 
functions in mismatch rep;a$r as one subunit 
of a heteroiiimer, the otlier component of 
which is pl60. 

T o  identify pl60,  we sequenced five 
internal tryptic peptides derived from the 
protein (1 7). None of the peptiiies showed 
significant homology to proteins in the 
National Center for Biotechnology Infor- 
ination (NCRI) nonredundant sequence 
database. This finding, and the highly spe- 
cific response of hMSH2 antibodies to the 
105-kD polypeptide of hMutSru, demon- 
strate that p160 and hMSH2 subunits are 
iiistinct at the sequence level and are thus 
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