
CELL STRUCTURE AND FUNCTION 18: 437-447 (1993)
© 1993 by Japan Society for Cell Biology

Regulation
 of hsc70 Expression in the Human HistiocyticLymphoma
 Cell Line, U937

       Tohru Marunouchif and Hiromi Hosoya

       Division of Cell Biology, Institute for Comprehensive Medical Science, Fujita Health University, Toyoake,
        Aichi 470-ll, Japan

         Key words: hsc70/transcription/translation/U937

       ABSTRACT. The transcription of hsc70, a cognate member of the hsp70 gene family, is suppressed in the ter-
       minally differentiated human histiocytic lymphoma cell line, U937, and appears to be regulated in the absence of
       heat shock. We have examined the 5' upstream regulatory region of 450 bp which contains a putative regulatory
       sequence of 18 bp in addition to known cis-elements such as HSEs, CCAAT boxes, Spl binding sites and AP2
        binding sites. The 18 bp cis-element formed larger complexes with nuclear localized transfactors when extracts
        were prepared from differentiated rather than from proliferating cells. These larger complexes were also de-
        tected in nuclear extracts of serum-deprived cells, suggesting that such complexes may be related to the suppres-
        sion of hsc70 gene transcription in Go arrested cells.
         The level of HSC70 protein as determined using monoclonal antibodies, increased threefold in differentiated
        cells. The apparent discrepancy between the levels of hsc70 mRNA and HSC70 protein can be explained by a
        rapid turnover of HSC70 in proliferating cells.

 The hsc70 gene is a member of the major heat shock
protein (hsp70) family. Most genes of this family are ex-
pressed under appropriate conditions or within a lim-
ited range of cell types (26); however, hsc70 is expressed
constitutively in various tissues (ll). CDNA clones and
genomic clones of hsc70 isolated from the mouse and
human have been sequenced (28, 37, 9). Recently, a
gene homologous to hsc70 has also been found in Dro-
sophila (31).
 Unlike other members of the hsp70 family, hsc70 con-
tains several introns. The structures of mammalian
hsc70 genes of different species are very similar to each
other. Furthermore, U14 snRNA genes have been
found in introns 5, 6, and 8 of mammalian hsc70 (24,
23). Since these genes do not contain their own promo-
ters, their expression is thought to be dependent on tran-
scription of the hsc70 gene.
 Regulation of gene expression of proteins of the heat-
inducible hsp70 family has been extensively studied (2,
26). It is known to be influenced by heat shock, metal
ion, serum, viral infection (19), cell cycle (25), cell pro-
liferation, and oncogenes (20). Expression of most of
these proteins is regulated through a complex consisting
of a heat shock element and a heat shock factor (HSE-
HSF) (36, 22). Expression of human hsc70 has been de-
scribed (13, 14) as well as that of its counterpart in the
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mouse gene (6). hsc70 mRNA transcription is not signifi-
cantly induced by heat shock and is more abundant in
growing (37) or transformed cells than in resting or non-
transformed cells (32). In human lymphocytes, its tran-
scription is stimulated by mitogens (14) and its synthesis
is more extensive in early mouse embryo cells than in
matured tissue cells (1 1). The regulation of hsc70 expres-
sion, however, has not been fully elucidated in spite of
the physiological importance of this protein, presuma-
bly because of its low responsiveness to stress and its

s

trong structural similarity to hsp70.

The precise function of the HSC70 protein has not
been fully elucidated but it is thought to function as a
molecular chaperone in normal cells (29, 30) in such

processes as the folding and assembly of nascent poly-
peptide chains (3, 10), clathrin uncoating of coated vesi-
cles (38) protein transport across the membrane (7, 4,
34), and targetting heat-shocked nucleoli (39).

We examined changes in the amounts of hsc70
mRNA and HSC70 protein during the course of differ-
entiation of the human histocytic lymphoma cell line,
U937, using a CDNA fragment of hsc70 and a mono-
clonal antibody for HSC70 protein (15). By treatment
of U937 cells with 12-o-tetradecanoylphorbol-13-ace-
tate (TPA), the mRNA level decreased to about 30%,
whereas the HSC70 content increased by about three-
fold within the same period. A decrease in the amount
of hsc70 mRNA was also observed in serum-deprived
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culture. A candidate for the DNA sequence related
to suppression of transcription was found in the 5'
upstream regulatory region. The mechanism of the

transcriptional and post-transcriptional regulations of
hsc70 is discussed.

MATERIALS AND METHODS

Cell culture. The human histiocytic lymphoma cell line,
U937, was used throughout the experiments. Cells were cul-
tured in RPMI1640 medium supplemented with 10% fetal calf
serum (Gibco, NY, USA), 0.1 mg/ml streptomycin (Wako,

Osaka, Japan) and 100 units/ml penicillin (Meiji, Tokyo,
Japan) at 37°C in a humidified atmosphere of 95% air and
5% CO2. For differentiation into macrophages, cells were
treatedwith 0.1 /*g/ml TPA for two days and for differentia-
tion into monocytes, 1 //M retinoic acid (RA) was used for
three days (27, 17).

For transformation, 2 x 106 cells were mixed with 2 ptg plas-
mid DNA in 40 [A of calcium- and magnesium-free phos-
phate-buffered saline (PBS) and transfected using a somatic

hybridizer SSH-1 (Shimadzu, Kyoto, Japan).
CATassay. Transfected cells were cultured for 48 h, har-

vested, washed with PBS, and suspended in 0.25 M Tris-HCl
(pH 7.8). Cellular extracts were then prepared by three cy-

cles of freezing and thawing, sonication and centrifugation
at1,200xg for 5 min. Chloramphenicol acetyl transferase
(CAT) activity was measured by the method of Gorman et

al. (12), using 14C-labeled chloramphenicol. Chromatograms
were examined with a Fuji image analyzer BA100 (Fuji Film,

Tokyo, Japan).
Gel-shift analysis. Nuclear extracts (NE) prepared from

proliferating, differentiated, or serum-starved cells by the
method of Dignam et al. (8) were incubated at 25°C for 30

min with DNA fragments end-labeled with [f-32P]ATP. The
standard reaction mixture (20 [A) contained 1 ng DNA frag-

ments, 3 fig NE protein, 1 mM MgCl2, 12.5 mM spermidine
(Sigma), 0.15 mg/ml poly(dl-dC) (dl-dC) (Pharmacia), 10

mMKC1, 0.1 mMEDTA, 0.25 mMDTT, and 10mMHEPES

(pH 7.9). Reaction mixtures were then applied to a 4% polyac-
rylamide gel in 0.25 XTBE buffer (TBE: 89 mM Tris, 89 mM

boricacid, 25 mM EDTA, pH 8.3). Gel plates were examined

w

ith a Fuji image analyzer BA100.

Genes andplasmids. Weisolated the CDNA of hsc70 from
a U937 cell CDNA library as a clone actively expressed in the
proliferating phase. It is composed of 2,227 bp and its se-

quence is almost the same as that reported previously (9) ex-
cept for three base substitutions that did not affect the en-
codedamino acid. The genomic DNA of hsc70 was cloned

from a human genomic library, supplied by the Japanese Can-
cer Research Resources Bank (JCRB), using the 0.56 kbp

EcoRI fragment of the 3' terminal region of hsc70 CDNA
(c0.56) as the probe. Two clones, C1.31 and C1.34, were ob-

tained from about 106 plaques and restriction maps of their
overlapping areas were completely identical and in accordance

with the reported sequence (9). The 0.83 kbp EcoRI fragment
of C1.31 which gave the strongest signal in the hybridization
experiment with c0.56 was sequenced and the nucleotide se-
quence completely coincided with c0.56 within the overlap-
ping region and with that reported previously. The C1.31 used
in this study and its restriction map are shown in Fig. 2A. Gen-
omic DNA of hsp70 (pH 2.3, 40) was kindly supplied by Dr.

R

. Morimoto of Northwestern University, Illinois.
For the CAT assay, DNA fragments derived from the 5'

upstream region of hsc70 which contained a TATA-element
(PR1.4, Fr443, and Frl50) were inserted into PSVO-CAT or
PSK-CAT, and those which did not contain a TATA-element
(Frl30, Fr90, Fr50, and Frl20) were inserted into PCAT-A
(16). PSK-CAT which was modified so as to have multicloning
sites in place of the Hindlll site of PSVO-CAT was supplied
by Dr. M. Yamaguchi of the Aichi Cancer Center Research In-

stitute.
Northern and dot hybridization. RNA was prepared by

the method of Chomczynski and Sacchi (5). Eight fig of total
RNA was separated on a 1.2% agarose gel in lxMOPS
buffer (20mM MOPS (pH 7.0), 5 mM sodium acetate, 1 mM
EDTA, 2% formaldehyde), transferred to a nitrocellulose

membrane (Hybond-C, Amersham, London, UK) and fixed
by baking at 80°C for 2 h. For the dot blot assay, RNA from

1

06 proliferating or differentiating cells was used.
Radiolabeled DNA probes were prepared using the Multi-

prime Labeling System (Amersham, London, UK). Hybridiza-
tion was performed under almost the same conditions as de-
scribed (33), except that the hybridization solution contained
100 fig/ml of sonicated single-stranded salmon sperm DNA
anddid not contain SDS.

Footprinting and DNA sequencing. The radiolabeled
DNA fragment was trimmed with a restriction enzyme to re-
cover the fragment labeled on one terminus from the electro-
phoresis gel. The resultant DNA fragment which was present
in the same reaction mixture used in the gel-shift assay was in-
cubated with DNasel (Sigma, St. Louis, USA) at a concentra-

tion of 36units/ml at 30°C for 45 sec. After purification,
DNA was denatured in a solution containing 95% formam-
ide, 0.25% xylene cyanole, and 0.25% bromophenol blue at
95°C for 3 min and separated by gel electrophoresis (6M

u

rea/6% polyacrylamide/1 x TBE).

To determine the nucleotide sequence, the DNA fragment
was inserted into the multicloning site of pUC118 and trans-
fectedintoE. coli MV1184. The single-stranded plasmid was
harvested after infection with the helper phage, KO7, and the
sequence was determined by the dideoxy method using an Am-
pli Taq Sequencing Kit (Takara, Kyoto, Japan) and the same

gel as that used in footprinting.
Western blotting. SDS-polyacrylamide gel electrophoresis

(SDS-PAGE) was performed according to the method of
Laemmli (21). Proteins were transferred to a PVDF mem-
brane filter (Nihon Millipore, Tokyo, Japan) using a semi-dry
blotter (Kem-En-Tech, Copenhagen, Denmark). The blotted
filter was treated either with rat monoclonal antibody or rab-
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bit polyclonal antibody and with a biotinylated 2nd antibody
and visualized using an Immunostaining HRP Kit (Konica,
Tokyo, Japan). Results were analyzed with a digitizer (ACI
Japan, Tokyo, Japan). Rat monoclonal antibody, 1B5, and
rabbit polyclonal antibody, No. 4, both reactive with HSC70
(15), were kindly supplied by Dr. K. Ohtsuka of the Aichi Can-

c

erCenter Research Institute.

Immunoprecipitation. Cells pulse-labeled with 25 //Ci/ml
[35S]methionine (Met, ICN, 1123 Ci/mmol) for 2h were

washed with PBS and lysed in a solution containing 50 mM
Tris-HCl (pH 8.0), 0.15 M NaCl, and \% Triton X-100. The

cellular lysate of 106 cells was subjected to immunoprecipita-
tion performed as described (33), using protein G sepharose

(ZYMED, CA, USA) as carrier.

A)

hsc70 CDNA : 2.1kbp
E E E

cO.56

hsp70 genomic DNA : 5kbp<

B B H
I j 1

pH2.3

                  RESULTS

 U937 cells derived from a human histiocytic lympho-

ma differentiate into monocytes or macrophages by
treatment with retinoic acid (RA) or TPA, respectively
(27, 17). In order to analyze the expression of hsc70
during the course of differentiation, a 3' terminal 560 bp
fragment of hsc70 CDNA and a 2.3 kbp DNA fragment
of hsp70 (40) were used as the probes for Northern hy-
bridization (Fig. 1A). It was necessary to ascertain that
the probe used in this study did not exhibit cross-reactiv-
ity with other members of the hsp70 gene family since
these are conserved during evolution and especially
since hsp70 and hsc70 have homologous nucleotide se-
quences (9, 18). We used a 3' terminal fragment of the
hsc70 coding region since this region differs most from
that of hsp70 and did not hybridize with pH 2.3, the
hsp70 probe, under normal stringent conditions as de-
scribed by Hansen et al. (14). Proliferating U937 cells
expressed hsc70 abundantly and hsp70 slightly (Fig. IB,
lanes 1, 3). When cells were treated with Zn^ as the
stress inducer, hsp70 mRNA levels increased markedly
as described, whereas hsc70 mRNA increased only
slightly (Fig. IB, lanes 1-4). By treatment with either

Fig. 1. Changes in the amount of hsc70 or hsp70 mRNA during
 differentiation.
A) The upper part shows a restriction map of hsc70 CDNA; the lower
part, of hsp70 genomic DNA (about 5 kbp). Thick lines, open reading
frames (ORF); thin lines, nontranslated sequence; shaded lines,
fragments used as hybridization probes; B, BamHI; E, EcoRI; H,
Hindlll. B) Total RNA (8 fig) prepared from normal growing U937
cells (N; lanes 1, 3, 5) or cells treated with 150 ftM ZnSO4 for 4 h (Zn;
lanes 2, 4, 6) was hybridized with c0.56 (lanes 1, 2) or pH 2.3 (lanes 3,
4). C) Total RNA (8 //g) prepared from growing U937 cells (N; lanes
1, 4), cells treated with 0.1 //g/ml TPA for 2 days (T; lanes 2, 5) or
treated with 1 fiM RA for 3 days (R; lanes 3, 6) was hybridized with
c0.56 (lanes 1, 2, 3). Lanes 5 and 6 in (B) and lanes 4, 5 and 6 in (C)
show RNA stained with ethidium bromide before Northern transfer.
D) RNA was prepared from an equal number of cells at the indicated
time after TPA treatment and hybridized with c0.56. The autoradio-
graph (inset) was analyzed by BA100.
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GAT CCCGGCTAGC GCCGCTATCA TTGGTTAGTT CCAAGTTTGC

18A
-414

-373

a : -400 CCGCCCCTCT TCCTCCTCCT TTTTCCGCCC CCTCCCTCCC GCGGAAGCTG

-397 -387 -370

CAP2JAP2J
a : -350 GGGGCGCATG CGTAGAGGTG GACGCTCCCC TCCCCCGCCC GGGGTAACTG

a: -30Q AGGACTCCCG CGCGCGGACT CGCTGCGCCC CACCCTCCCT TTCCCCGGGG

a : -250 CCGTCCGGAG AGCGGGGGCG AGCTTGAAAG TTCCAGAACG CTGCGGTGAG
b : G AGCTTGAAAG TTCCAGAACG CTGCGGTGAG

a : -2 00 TGCGTTATCG TGAGGCGGAG GCGGTGGGGT GGGTGCGGAA GGGGGCGAGG
b : TGCGTTATCG TGAGGCGGC- GCGGTGGGGT GGGTGCGGAA GGGGGCGAGG

-150

CCCGAGGAGT GGAGCCGGGC TTGTGATTGG GTCfTGTAAG GGCAGCCGGG

- -CGAGG-GT GGAGCCG . TTGTGATTGG GTCTTGTAAG GGCAGCC-GG

r~"
CGTTGTGA

<SED
a : - 100 CGTCTATTGQ CCGGGGAAGC CGTAATGGCA GGCAGCAGGG GCGGGCCCCT

b : ACTCTATTG- GCCGGGAA-- CCTAAT-GCA GGAAGCA--G GCGGACCCCT

A A A A A ^

a:
b:

-50 TCTGGAAGGT TCTAAGATAG GGTATAAGAfl GCAGGGTGGC GGGCGGAAAC
TCTGGAAGGT TCTAAGATAG GGTATAAGAG GCAGGGTGGC GGGCGGAAAC

Fig. 2. DNA sequence of the 5'upstream region of the hsc70 gene. The 5'upstream region was obtained from C1.31 (A) and the nucleotide se-
quence of Fr443 is shown together with the sequence reported by Dworniczak and Mirault (9) (B).
A) open boxes, nontranslated exon; filled boxes, ORF; arrow on the second line, transcription initiation point; E, EcoRI; P, PstI; R, Rsal; S,
Sau3AI. B) a: Sequence of the nontranslated region of Fr443. b: Sequence reported by Dworniczak and Mirault (9). Differences from Fr443 are
indicated by brackets (inserted nucleotide), minus sign (deleted nucleotide), or arrow heads (exchanged nucleotide). Fr42, 18A and 18B indicated
were used as probes in gel-shift analysis. CCAAT, CAT box; AP2, AP2 binding site; HSE, heat shock element; Spl, Spl binding site. Horizontal
arrows indicate units of heat shock element.
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TPA or RA, the amount of hsc70 mRNAdecreased to
less than 20% that of proliferating cells when compared
on the basis of the same amount of RNA (Fig. 1C). The
time course of the amount of hsc70 mRNAproduced
during differentiation into macrophages was examined.
It decreased to 30% of that of the proliferating cells
after 24 h (Fig. ID) when compared on the basis of the
same cell number. In the following experiments, we

compared the amounts of hsc70 mRNA and HSC 70
protein using the same number of cells before and after
differentiation because upon differentiation, the cellular
content of either the mRNA or protein varied drasti-

cally.

To examine the regulatory regions of the hsc70 gene,
an approximately 1.4 kbp upstream DNA fragment was
cloned into a CAT reporter plasmid (Fig. 2A, MATERI-
ALS & METHODS). The relative activity of the CAT
constructs was assayed following transfection into pro-
liferating U937 cells (Fig. 3). The level of CAT activity
was the same using a 1.4 kb 5' flanking fragment and a
443 bp fragment, suggesting that this fragment covered
the upstream regulatory region. Examination of the nu-
cleotide sequence of the 443 bp fragment indicated the
presence of two HSEs located at -226 to -212 and
-52 to -38, both of which were comprised of only
three units of 5'NGAAN3'(Fig. 2B). In addition to these
HSEs, the presence of CCAAT boxes, Spl binding sites
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Fig. 3. Enhancer activity of the hsc70 5' upstream region. Reporter
plasmids (2 ^g) containing fragment RP1.4 or Fr443 were transfected
into 2 x 106 U937 cells. After 48 h, CAT activity of the cell lysate was

analyzed. Arrow, acetylated chloramphenicol; arrowhead, contami-
nated material in the substrate.

and AP2 binding sites was also confirmed. To examine
the role of these elements in the expression of hsc70, we
introduced a sub fragment of this upstream regulatory
region into the CAT vector. Typical results of the CAT
assay are shown in Figs. 4A and 4B. Similar results were

reproducibly obtained in several experiments. From
these results, we identified sub fragments with poten-
tial regulatory function; a 130 bp 5' terminal fragment
(Frl30) and a 150 bp 3' terminal fragment (Frl50) con-
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Fig. 4. Enhancer activity of Fr443 sub fragments in growing or
differentiated U937 cells.
A) Sub fragments of Fr443 created by restriction enzyme digestion
were inserted into PCAT-A (Frl30, 90, 50, 120) or PSK-CAT (Frl50)
and their CAT activities were analyzed as in Fig. 3A. Lane 1, Fr443;
lane 2, Frl30; lane 3, Fr90; lane 4, Fr50; lane 5, Frl20; lane 6, Frl50;
lane 7, pSV2-CAT; lane 8, PCAT-A; lane 9, mock transfection; lane
10, CAT enzyme of E. coli 5 pg. B) Results from Fig. 3A are illus-
trated together with a map of Fr443. C) Eight h after transfection,
cells were treated with 0.01 /ig/ml TPA for 40 h, then CAT activity
was measured. Plasmids used in each lane were the same as in (A).
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Fig. 5. Gel-shift analysis of Fr443 sub fragments.
Labeled fragments, Frl30 (lanes 1-6), Fr40 (lanes 7-12), Frl20 (lanes 13-18) and Frl50 (lanes 19-24) were incubated with nuclear extracts (NE)
prepared from growing U937 cells (G) or TPA-induced differentiated cells (T). Reaction mixtures were analyzed on native-PAGE with a low salt
buffer. Comp, DNAcompetitor; N, non-specific DNA competitor (sonicated salmon sperm DNA, x 100); S, specific competitor (unlabeled pro-

be, x 100); -, without competitor.
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Fig. 6. Footprint analysis of Frl30.
Frl30 labeled at one terminal was incubated with various amounts of NE prepared from growing U937 cells (G) or TPA-treated cells (T) and then
digested with DNasel. Numbers under G or T indicate the amount (^g) of NE in the reaction mixture. [A+G]: Frl30 digested by a chemical meth-
od at nucleotides A or G as the size marker.
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taining the TATA-element. Comparison of CAT activi-
ty levels in undifferentiated versus differentiated cells re-
vealed that these two fragments led to down-regulation
of gene expression (Fig. AC). Since transcriptional activi-
ty was higher in proliferating cells than in nonproliferat-
ing cells, the differences observed in the CAT assay re-
flect in vivo regulation and suggest that the Frl30 and
Frl50 fragments have an important regulatory function
(Figs. 4A, AC). By comparison, the fragments Fr50 and
Frl20 which contain HSEs have very little regulatory

f

unction in proliferating or differentiated cells.
In order to identify trans-acting factors which may be

important in hsc70 regulation, the fragments Frl30,
Fr50, Frl20 and Frl50 were subjected to a gel-shift as-
say, as shown in Fig. 5. As expected from the results of

the CAT assay, both Frl30 and Frl50 formed com-
plexes with nuclear extracts (NE) prepared either from
proliferating (G-NE) or from differentiated cells (T-

NE). These complexes appear to represent specific
complexes as each band was no longer detected follow-
ing the addition of an excess of the unlabeled DNA
fragment but no displacement occurred with unrelated
DNA segments. Fr50 did not form any specifc bands

while Frl20 formed a faint but specific band with either

G

-NEor T-NE.

Comparison of the complexes formed from extracts
of proliferating and nonproliferating cells with Frl 30 re-
vealed consistent differences in the electrophoretic mo-
bility of the complexes. On^ interpretation of these re-
sults is that the nature of the protein complex formed in

Frl30 differs in differentiated cells. This observation
may have some relation to the suppression of hsc70 tran-
scription in differentiated cells.

To further establish that DNA-protein interactions
vary according to the state of cell growth, DNA foot-
print analysis was carried out with Frl30 using G-NE or
T-NE. A typical result, shown in Fig. 6, revealed that
two regions, from -405 to -399 and from -382 to
- 376, were protected from nuclease digestion.

We synthesized a DNA fragment of 42bp (from
- 144 to -373, Fr42) covering these two protected re-
gions and performed a gel-shift assay using these oligo-
nucleotides. Results are shown in Fig. 7A. With G-NE,

two specific bands were obtained and with T-NE, two
additionalbands were formed. All bands were dimin-

ished with the addition of the specific competitor. Fur-
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Serum
starved

Retinoic
acidGrowth TPA

-30100N -30100N - 30100N -30100N
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1 2 3

456

1 2 3 4 5 6 7 8 9 1011 121314151617

Fig. 7. Gel-shift analysis with smaller DNA fragments.
A) Labeled Fr42 was incubated with NE prepared from growing U937 cells (lanes 1-4), TPA-treated cells (lanes 5-8), serum-starved cells (lanes
9-12), RA-treated cells (lanes 13-16), or no cells (lane 17). Unlabeled Fr42 (30 and 100 indicate x 30 and x 100 respectively) or sonicated salmon
sperm DNA(N; x 100) was added as competitor. B) Labeled 18A or 18B was incubated with NE prepared from growing U937 cells (G) or TPA-
treated cells (T).
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thermore, NE prepared from cells which had been
either deprived of serum or treated with retinoic acid
formed the same bands as those of T-NE. Under the
latter two conditions, hsc70 mRNA decreased, as de-
scribed above.

To determine the relationship between the regions
protected from nuclease digestion and the sequences
forming complexes with nuclear extracts, two oligonu-
cleotides, 18A (from -414 to -397) and 18B (from

-387 to -390), were synthesized and examined for
complex formation using a gel-shift assay. The results

(Fig. 7B) indicate that 18A formed the same-sized
DNA-protein complexes using extracts from either G-
NE or T-NE, and 18B formed a complex with G-NE

with a size almost the same as that of the complexes
formed with 18A. However, T-NE formed a larger com-
plex with 18B. These results suggest that the region cor-
responding to 18B may interact with additional protein

i

nextacts from differentiated cells.

Wealso determined the amount of HSC70 protein
produced during the course of differentiation using two
different antibodies (MATERIALS & METHODS). Sur-
prisingly, the amount of HSC70 increased after differen-
tiation not only in macrophages but also in monocytes

(Fig. 8). The two different antibodies gave similar re-
sults and the ratios of the amounts of HSC70 in macro-
phages and monocytes to that in proliferating cells were
2.0-3.5and 1.1-1.3, respectively. In this context, the

ratios of the amount of total protein in TPA-treated
and RA-treated cells to that in proliferating cells were
1.26-1.33and 0.58-0.61, respectively. Changes in the

amount of HSC70 were determined for 5 days after
TPA treatment. The level increased for three days and

A )       B )

G  R  T G  R  T

Fig. 8. Estimation of HSC70 and HSP70 proteins in growing or
differentiated cells.
Cell lysate prepared from growing cells (G), RA-induced monocytes
(R) or TPA-induced macrophages (T) was transferred to PVDF mem-
brane filter after SDS-PAGE, reacted with monoclonal antibody 1B5
(A) or polyclonal antibody No. 4 (B) and stained with Immuno Stain
HRP (Konica, Tokyo, Japan). Cell lysate prepared from 1 x 105 cells
and that from 2x 105 cells were used for (A) and (B), respectively.
Open triangle, HSC70 protein; filled triangle, HSP70 protein; arrow,
putative degraded HSC70.

remained at the higher level thereafter (Fig. 9). The poly-
clonal antibody used in this experiment detected HSP70
as well as HSC70 (15). Proliferating U937 cells pro-

duced barely detectable amounts of HSP70 but the
amount increased after treatment with either TPA or
RA, similarly to the case of HSC70 (Figs. 8 and 9).
These results were apparently inconsistent with those

A) 0 1 2 3 4 5

B) 0 1 2 3 4 5

C)

2 3 4
Incubation time (Day)

Fig. 9. Changes in HSC70 protein in differentiating U937 cells.
A) Western blot with 1B5 using a cell lysate of 1 x 105 cells treated
with0.1 //g/ml TPA. B) Western blot with No. 4 using a cell lysate of
2x 105 cells treated with TPA. C) Results in (B) were analyzed by
digitizer. Open triangle (A, B) and open circle (C), HSC70 protein;
filled triangle (B) and filled circle (C), HSP70 protein; arrow (A, B),
putative degraded HSC70 protein.
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Fig. 10. Rate of HSC70 protein synthesis.
Cells labeled with [35S] methionine for 2 h after treatment with TPA
for 2 days (T), RA for 2 days (R), or without treatment (G). A cell
lysate of 106 cells was subjected to SDS-PAGE after immunoprecipita-
tion using antibody 1B5.

demonstrating a decrease in the amount of mRNA (Fig.
1). Consequently, the rate of synthesis of HSC70 was
also determined by pulse labeling with [35S]-Met and
immunoprecipitation. As shown in Fig. 10, the rate of
HSC70 synthesis was suppressed by differentiation in ac-
cordance with the suppression of mRNA synthesis of
this gene.

 When we attempted to resolve this discrepancy by
treating the cells with differentiation inducer, the tran-
scription and translation of hsc70 were suppressed
whereas the amount of HSC70 protein increased com-
pared with that of proliferating cells. These results sug-
gest that the turnover of HSC70 in proliferating cells is
rapid compared to that of differentiated cells.

                 DISCUSSION

 Taking into consideration that HSC70 performs vari-
ous functions in normal cells such as those of molecular
chaperone (30), and that the hsc70 gene contains three

U14 genes in its introns (24), transcription of hsc70
must be regulated by factors other than by a response to

physiological stress.
 With TPA treatment, both hsc70 mRNA and the rate
of HSC70 synthesis decreased to about 30% of that of
proliferating cells. The decrease in the amount of hsc70
mRNA during differentiation was consistent with that
obtained with mouse F9 cells (ll), although the de-
crease was only slight in F9. This difference might be
due to the fact that U937 differentiated terminally and
was arrested in the Go state whereas F9 continued to
proliferate after differentiation and consequently tran-
scribed more hsc70 (37, 14).
 In the CAT assay, the upstream regulatory region
was confined to about 450 bp. The nucleotide sequence
of this region was determined and was shown to contain

several known nuclear factor binding sites including
twoHSEs. Each HSE was found to be composed of

only three 5'NGAAN3' units and this would explain
why hsc70 did not respond to stress as strongly as did
hsp70 (35). The sequence controlling transcription in re-
lation to differentiation is localized from -414 to - 370
(Fr42) from the results obtained in this study. In this as-
say, the promoter regions of the proliferating cells were
assigned to two stretches in the 5' terminal and 3' termi-

n

al regulatory regions, as shown in Fig. 4B.
Both of these activities were suppressed in differenti-

ated cells (Fig. 4C), suggesting that these regions are
concerned with suppression. While the 3' terminal re-
gion formed similarly sized complexes with either G-NE
or T-NE (Fig. 5), the 5' terminal region, Fr42, formed
larger complexes with T-NE than with G-NE, prompt-
ing us to further analyze Fr42. To study the mechanism

of formation of the larger complexes, we determined
the sequence that bound these complexes using synthe-
tic oligonucleotides and confirmed that the same nucleo-
tide sequence (18B) formed complexes either with G-NE

o

r with T-NE.

In order to explain the mechanism responsible for
changes in the migration distance, the increase in the
mass of complexes formed on the same sequence should
beconsidered. It is possible that during differentiation,

new factors are produced which can exchange with the
complexes formed in proliferating cells. It is also possi-

ble that some factors are replaced with others or that a
portion of the factors is modified. These possibilities

a

re now under investigation.
The decrease in the rate of HSC70 protein synthesis

during differentiation is consistent with the decrease in
hsc70mRNA. The increase in the cellular content of
HSC70, however, was at variance with the decrease in
mRNA. Since the synthesized protein could accumulate
in terminally differentiated cells, it is possible that the
HSC70 content would exceed that of the proliferating
cells, even if its rate of synthesis was slower than that in

proliferating cells. It is also possible that HSC70 de-
grades more rapidly in proliferating cells than in differ-
entiated cells since this protein is stable in macrophages.
The latter would also be possible in this case since at
least two bands (one of them indicated by an arrow in
Figs. 8 and 9) other than HSC70 were detected by West-
ern blotting using two completely different antibodies
forHSC70. Furthermore, the amount of these smaller
proteins decreased during the course of differentiation
in opposition to the increase in HSC70. It is possible
that these two smaller bands detected with anti-HSC70

antibodies were specific degradation products of
HSC70 that retained epitopes recognized by the anti-

bodies.Therefore, it is conceivable that together with

the rate of synthesis, the turnover of HSC70 has the lar-
gest effect on the cellular content of this protein. These
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metabolic differences would explain the marked in-
crease in the amount of HSC70 in differentiated macro-
phages. The degradation of HSC70 is of interest in sev-
eral respects, particularly in how it is related to the regu-
lation of the synthesis of HSC70 because there have
been many experimental findings supporting the idea
that HSC70 synthesis may be regulated by the amount
of HSC70 itself (1).
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