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Abstract

AIMS  To isolate mouse CCR5 cDNA (muCCR5) and
study its expression in vivo.
METHODS  Marathon PCR was used to isolate
muCCR5 cDNA and two animal models were designed
to investigate the gene expression in vivo, one was
mouse  fu lm inant   hepat i t i s  induced by
Propionibacterium acnes (P.acnes) and the other was
that with delayed type hypersensitivity reaction
(DTH). A specific GST-NH2-terminus of muCCR5
fusion protein antibody F(ab’)2 was prepared and
clarified. RT-PCR and immunohistochemical analysis
were used to observe the expression level of CCR5
gene in mice.
RESULTS A positive reaction of mouse macrophage
was found in DTH but not expressed in P.acnes
induced fulminant hepatitis by RT-PCR and
immunohistochemical analysis.
CONCLUSION This muCCR5 expression may be
involved in an allergic processmediated by cellular
immunity but not acute inflammatory reaction induced
by P.acnes.

INTRODUCTION
Leukocytotaxis  plays  an  important  role  in  immune
system   surveillance   and   chronic   inflammation.
Locally  produced  chemotactic  factors  are  thought  to
be   critical   in   this   directed   migration.   The
chemotactic  family  can  be  divided  into  two
subfamilies: the  1st  subfamily  having  the  first  two
of  the  conserved  cystein  residues  separated  by
another amino acid, the CXC (α) chemokines, and
the  second  with  CC  unseparated  the  CC (β)
chemokine. The β-chemokine receptors are some G-
protein coupled receptors with seven transmembrane
domains  and  share  a  high  degree  of  amino  acid
homology in their putative transmembrane domains.
Recent  researches  indicated  that  the  entry  of  HIV
into  target  cells  required  the  participation  of  at  least
two  cell  surface  molecules:  one  was  CD4+  which
was utilized by all HIV strains as the primary virus
receptor  through  a  high  affinity  interaction  with  the
viral  envelope  protein.  However,  the  CD4+  alone
was   not   sufficient   for   virus   entry,   and   some
additional  cell  surface  molecules,  termed  cofactor,
for  example,  CCR5,  CCR3,  CCR2b  and  fusin[1-5]

were  found  to  mediate  the  entry  of  HIV-1  into  the
host  cells.  CCR5  can  express  in  monocytes,
macrophages, and primitive T cells, and  bind to β-
chemokine   RANTES,  MIP-1α   and   MIP-1β.
Expression  of  CCR5  in  conjunction  with  CD4+  in  a
variety  of  cell  types  renders  them  permissive  for
infection  through  M-tropic  envelope  proteins.
Meanwhile,  CCR5  and  CD4+  are  expressed  in
several  cells  to  mediate  the  M-tropic  HIV  strain
envelope  to  form  syncytia[6].  The  M-tropic  HIV-1
strain  is  most  sensitive  to  changes  in  the  first
extracellular  loop,  and  therefore,  to  understand  the
CCR5  expression  is  very  important.  Unfortunately,
we  found  that  under  the  normal  condition,  mouse
CCR5 gene  expressed  only  in  a  few  cell  lines  and at
a  very  low  level in vivo.  In  this  study, we  used  the
model of DTH (delayed type hypersensitivity) and a
fulminant   hepatitis   induced   by   P.  acnes   for
observing the CCR5 expression in vivo and analyzed
the mechanism of the gene expression.

MATERIALS AND METHODS
Cell culture
Human embryonic kidney cell line 293 was cultured
in  DMEM  ( Nissui  Pharmaceutical  Co,   LTD, )
medium containing 10%  fetal  calf serum and 50 U/
ml penicillin G and 50 µg/ml streptomycin.



Molecular cloning of mouse CCR5 cDNA
Mouse peritoneal macrophages isolated 3 days after
pentose  injection,  and  their  total  RNA  was  prepared
using RNA 201 B (Cinna/Biotec, Houston, TX).
Macrophage  total  RNA  was  reverse-transcribed  by
RT-PCR  using  a  random primer (Takara  Shuzo  Co.
LTD )  in   the   presence   of   RNase   inhibitor
(Promega).  Corresponding  to  the  sequences  of  the
highly  conserved  region  between  the  second  and
fifth  transmembrane  domains  within  human  MCP-1
and mouse MIP-1α receptors, the sense primer was
(PTM2)  5’-GCGAATTCTGGCCAT (CT) TCTGA
(CT)CTGCT(CT)TT(CT)CT-3’, and the antisense
primer  was  (PTM5) 5’ GCAAGCTT (GC) A (CT)
(GT) GG (AG)TTGA (CT) (AG) CAGCAGTG (AC)
GT-3’.  5’-RACE  and  3’-RACE  reactions  were
performed  to  isolate  the  full-length  mouse  CCR5
cDNA  by  means  of  Marathon  cDNA  amplification
kit  ( Clontech,   CA).   In   brief,   the   first   PCR
reaction was carried out using primer “R1” and the
primer adapter 1. The second PCR reaction was
performed  with  the  internal  primer  “R2”  of  CCR5
and    the    other    primer    adaptor    2.     The     specific
primers of mouse CCR5 were as follows: (R1) 5’-
GGATCAGGCTCAAGATGACC-3’,  (F1)  5’-
ACACTCAGTATCATTTCTGG-3’. PCR products
were digested with appropriate restriction enzymes and
subcloned into pBluescript SKII + (Stratagene). DNA
sequencing  reaction  was  performed  by  a PCR
procedure  employing  fluorescent  dideoxynucleotides
and analyzed by a model 373A automated sequencer
(Applied Biosystem).

Construction of expression vector for mouse
CCR5 and preparation of stable transfectant
For construction of the expression vector of mouse
CCR5, the coding region of mouse CCR5 gene was
amplified by PCR with specific primers and cloned into
pcDNA3 (Invitrogen Corporation). The 5’ primer for
PCR was designed to generate Kozak sequence, and
the constructs were introduced into a human embryonic
kidney cell line 293 by the calcium phosphate
coprecipitation method modified by Chen[7]. Transfected
cells were selected in the presence of a neomycin
analogue, G-418 (Life Technologies, Inc), at a
concentration of 500 ng/L in complete medium.

Preparat ion of  GST proteins fused with
extracellular domains of mouse CCR5
For   preparing   a   recombinant   GST   protein   fused
with  NH2-terminal  portion of  muCCR5  cDNA,  the
NH2-terminal extracellular binding domain encoding
Metl-Leu38 from the ORF region of muCCR5 cDNA
was  obtained  by  polymerase  chain  reaction,  and
then  cloned  into  EcoRI  and  BamHI  restriction  sites
of  the  GST-fusion  protein  expression  vector  pGEX-
IN.  The  recombinant  DNA  was  transferred  into E.
coli  HB  101  competent  cells  (Toyobo competent) .

The  expression  and  purification  of  a  GST  fusion
protein   were    induced    with   0.1   M   IPTG
(isopropylthio- β-galactoside, Wako Pure Chemical
Industries,  LtD)  for  5  hours,  put  on  glutathione-
sepharose  4B  affinity  column  (Pharmacia  Biotech
AB Upsala, Sweden), and then eluted with 5mM of
reduced glutathione.

Preparation of polyclonal antibodies F(ab’)2 of
GST protein fused with NH2-terminal portion of
muCCR5
Two  New  Zealand  white  rabbits  were  immunized
with 100 µg of the GST-NH2-terminal  of  muCCR5
fusion   protein   in   CFA   (Iatron,   Tokyo,   Japan);
first  time,  the  footpads  were  injected,  and  other  9
times  at  biweekly  intervals  were  given  s.c.. One
week  after  the  final  immunization,   rabbits   were
bled,  sera  were  obtained,  and  fractionated  into  IgG
by a protein A agarose column (Pharmacia-Biotech,
Upsala,  Sweden).  A  portion  of   the  IgG  fraction
was further  digested  with  pepsin  (Sigma  Chemical,
St.  Louis,  MO)  and the  F (ab’)2  fragment  was
obtained  by  sequential  chromatographies  using  a
protein  A  affinity  and  a  sepharose 12gel  filtration
column as previously described[8].

DTH reaction and RT-PCR amplification of
muCCR5
BALB/c female mice of 6 - 7 weeks were used. The
hair  of  abdomen  were  shaved, 5% Picryl Chloride
100 µl was  painted  on  the  surface  of  abdomen,  after
5  days  1%  picryl  chloride  was  painted  on  the  right
ear, 24 and 48 hours later the effect of DTH was
evaluated,  and  then  the  tissues  were  taken  for
preparing  total  RNA  with  RNA  201.  RT-PCR  was
run according  to  Normua[9] (94  for 1min, 55  for
1min,  and  72   for  1.5min,  with  a  total  of  30
cycles).

Induction of fulminant hepatitis in mice
Mice  were  injected  with  1mg  of  heat-killed  P.acnes
into  the  tail  vein. Seven  days  later  the  indicated
dosages  of  LPS  were  administered  intravenously[10].
At  3  hours  from  LPS  challenge,  three  to  four  mice
were  killed  to  obtain  the  liver.  Liver  tissues  were
fixed  in  4%  paraformaldehyde  for  2  hours  before
being  transferred  to 70%  ethanol  and  subsequent
paraffin embedding.

Immunohistochemical analysis of liver and
spleen tissues
For   immunohistochemical   analysis,   paraffin-
embedded  tissues  were  dewaxed  with  histo-clear
(National    Diagnostics,    Tokyo,    Japan)    and
dehydrated  through   graded   concentrations   of
ethanol.   After   being   treated   with   trypsin   and
blocked with 1% skim milk, the tissue sections were
covered  with  40ng/L  of  anit-muCCR5  antibody  F
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Figure 1   The first extracellular loop amino acid sequence and
transmembrane structure of muCCR5. The amino acid fragment
from M to L is located in the first loop of extracellular and it is the
binding domain of mouse CCR5 for ligand (MIP-1α, MIP-1β and
RANTES).

Figure 2   Analysis of recombinant GST-muCCR5-NH2 terminal
fusion protein.
Mr:  MW marker, 1, 2: products purified by glutathione sepharose, 3, 4:
products not purified, 1, 3: expression products induced by IPTG

Figure 3    Flow cytometric analysis of specificity of anti-muCCR5
antibody F(ab’)2.
F(ab’)2 volume is 40mg/L, blocking reagent volume is 100mg/L.
1. 293 cells; 2. transfected cells of muCCR5. Transfected cells were
blocked by:
3. GST; 4. muIL-8; 5. huFusin; 6. GST-muCCR5-NH2; 7. muCCR1;
8. huCCR2; 9. huCCR3 and 10. huCCR4.

Figure 4   RT-PCR analysis of DTH reactions.
muCCR5 specific primers were used to amplify the cDNA from
spleen cells. Lane.
1. BALB/C moase fulminant hepafifis induced by  P. acnes, Lane
2.24 hs result after 1% picryl chloride stimulation. Lane 3.48 hs
result after 1% picryl chloride stimulation.

Figure 5   Immunohistochemical analysis of DTH reaction.
A. Ear: Most of the macrophages in subepidermal interstitial tissue
and in the local capillary were obviously positive in their cytoplasm
for the staining.
B. Spleen: There were plenty of reticular-macrophage in red medulla.
A few slightly positive cells, however, could be seen scattered there.
C. The negative result was used by anti-GST F(ab’)2.
D. Liver: The cytoplasm of Kupffer cells were slightly stained by the dyes.

    16                                  ISSN 1007-9327      CN 14-1219/ R         WJG   February 1998   Volume 4   Number 1



(ab’)2 and GST over night at 4 , incubated with
biotinylated  swine  anti-rabbit  IgG,  and  then  reacted
with ALP substrate solution (Vector Laboratories,
Burllingame, CA) containing 1mM levamisole and
solution  I,  II,  III  for  40min at  room  temperature.
Finally,  the  sections  were  rinsed  and  counterstained
with 1% methyl green.

RESULTS
Molecular cloning of muCCR5 cDNA and
preparation of a fusion protein of NH2-terminus
of muCCR5 with the C-terminus of GST
A   full    length    cDNA    sequence    and    amino   acid
sequence of muCCR5 was cloned by Marathon PCR
from the poly (A)+RNA of mouse peritoneal
macrophages.   The   ORF   region   of   muCCR5
consisted  of   355  amino  acid,  and  had   a  82%
homology  with  human  CCR5.  A  GST  fusion  protein
of the  NH2-terminal  38  amino  acids  of  the  first  loop
of extracellular part of muCCR5 was expressed as
cytoplasmic  protein in  E.  coli  ( Figure 1 ).  A
corresponding  fusion  protein  of  30kD  and  GST
molecule  of  26kD  were  observed on 15% SDS-PAGE
with   Coomassie   blue-staining   ( Figure  2 ).   In
general, 3mg-5mg GST-NH2-terminus of muCCR5
fusion  protein was  produced  from  200 ml  E. coli
solution.

Determination of the specificity of anti-GST-NH2-
muCCR5 antibody
An experiment was performed to examine the cross
reaction of the anti-muCCR5 F(ab’)2 with other receptors
by means of the muCCR5 293 transfectant, and the
results showed that the anti-muCCR5 F ( ab’ )2 could
bind with GST-NH2-muCCR5 fusion protein but not
human CCR1, CCR2, CCR3, CCR4, Fusin and mouse
IL-8 (Figure 3), suggesting the specificity of the anti-
muCCR5 F (ab’)2 to muCCR5.

RT-PCR analysis
The expression of muCCR5 mRNA in DTH was
confirmed by RT-PCR, with the sense primer 5’-
ATGGATTTTCAAGGGTCAGTTC-3’        and
antisense               primer               5’-
TCATAAACCAGTAGAAACTTC-3’.  The  results
showed  that  after  induction  with 1%  picryl  chloride
for  24  and  48  hours,  muCCR5  could  express  in
spleen  cells  and  the  negative  result  was  found  in
fulminant hepatitis induced by P.acnes (Figure 4).

Immunohistochemical analysis
In the normal mice, CCR5 expression level was very
low  or  nil,  and  muCCR5   was   not  expressed  in
fulminant   hepatitis   induced   by    P.acnes    reaction
( unpublished   data ).   The   Immunohistochemical
analysis revealed that muCCR5 clearly expressed on
ear  at  the  point  of  picryl  chloride  induction  (Figure
5A). A weakly positive result was found in spleen

macrophages  in  DTH  reaction  induced  by  picryl
chloride (Figure 5B), but a negative result of DTH
reaction  induced  by  picryl  chloride  was  found  in
normal  experiment  (Figure 5C)  and  a  liver  Kupffer
cells  also  showed  a  positive  result  in  DTH  reaction
(Figure 5D).

DISCUSSION
In this study we first cloned mouse CCR5 full length
cDNA  sequence  from  peritoneal  macrophages  ploy
(A) + RNA  with  Marathon  PCR,  then  constructed
the   fusion   protein   of   GST   with  5’   terminal
extracellular  binding  domain  38  amino  acid  of
muCCR5  and  successfully  have  it  expressed  in  E.
coli. In the Northern analysis, we could not find
expression   of   muCCR5   in   vivo.   In   order   to
understand  the  expression  of  CDR5  in  vivo,  two
animal  models  were  designed,  one  was  mouse
fulminant   hepatitis   induced   by   P.acnes   and   the
other  was  that  with  delayed  type  hypersensitivity
reaction  ( DTH ).   In   previous   studies,   P.acnes
induced transient increase in serum TNF-a levels but
not those   of   IL-1ra,  IL-1  and  IL-6.  However
subsequent   LPS   challenge   induced   the   elevated
serum  levels  of  all  these  cytokines  and  the  peak
serum IL-1ra level was 20 times that of serum IL-1
levels. Immunohistochemical  analysis  demonstrated
that  IL-1ra  was  predominantly  produced  by
hepatocytes during  the  priming  phase  by  P.acnes
and  eliciting phase by LPS challenge[10]. The
responsiveness   of   alveolar   lymphocytes   to
recombinant  IL-2  was  evaluated  by  3H-thymidine
uptake  in  the  presence  and  absence  of  P.acnes.  P.
acnes stimulates IL-2 production and IL-2 receptor
induction   in   alveolar   lymphocytes   from   patients
with  active  sarcoidosis[11].  In  our  study  of  the
expression  of  muCCR5  in  P.acnes  induction,  we  did
not observe a positive reaction, which indicated that
muCCR5 gene expression  did  not  involve  an  acute
inflammatory  process.  In  the  DTH  reaction,  the
results  showed  that  muCCR5 had  expressed  in  mouse
macrophages.  No  matter some factors  might  induce
a    DTH    condition,   in   this   case,   cell   immunity
mediated  CCR5  gene  expression  and  HIV-1  in
infected  macrophages  more  easily.  This  is  a
interesting  problem  which  needs  further  studies.
         There  have  been  some  reports  about  the DTH
reaction,  for  example,  RANTES  produced by  IFN-α
and TNF-α induction has already been described in a
number of studies and clearly IFN-α and TNF-α have
a synergic action. INF-d stimulated macrophage to
express  RANTES  and  TNF-α  stimulated  cells  to
express  RANTES  gene.  It  is  well  known  that
RANTES is a ligand of CCR5. In the DTH state,
macrophages not only express ligand but also express
its  receptor.  In  this  case,  if  the  ligand  binds  to  its
receptor,  what   physiological  changes   will   happen?
Or the ligand (RANTES) thus produced may induce
receptor  expression;  this  is  another  interesting
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problem.  Th-2  cytokines  such  as  IL-4  and  IL-10,
have been demonstrated to inhibit DTH granule
formation   and   increased   production   of   these
cytokines   was   associated   with   impaired   DTH
reaction[11-15]. Th-2 cytokines may affect CCR5
expression  of  macrophages,  because  a  high
concentration  of  Th-2  cytokines  can  alter  the
recruitment  of  immune  cells  to  DTH  granules  at
least partly  by  inhibiting  CCR5  expression.
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INTRODUCTION
To intrestigate the relationship between tumor necrosis factor-α
and liver fibrosis in  patients with chronic liver disease.

METHODS
Radioimmunoassay was made in 20 patients with mild chronic

hepatitis ( CMH ), 20 patients with severe chronic hepatitis

(CSH), 51 patients with liver cirrhosis (LC) and 32 normal

persons to determine the contents of tumor necrosis factor-α
(TNF-α), laminin (LN) and hyaluronate (HA) in serum. The

changes in and relationship between TNF-α, LN and HA were

analyzed. The TNF-α and collagen III were determined using

Relationship between tumor necrosis factor-ααααα and liver fibrosis
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immunohistochemical studies in liver tissues from 32 persons

including 7 normal  persons, 3  patients with MCH,  5  patients

with SCH and 17 with LC.

RESULTS
TNF-α, LN and HA levels in serum of CSH and LC patients

were  significantly  higher  than  those  in healthy controls

(SCH:  1.11 ± 0.59,130.7 ± 17.2,219.1 ± 121.3;  LC:0.92 ±
0.66,156.8 ± 31.7, 400.5 ± 183.7, P<0.05 - 0.01),  which

increased gradually, and correlated positively with each other

in all patients with liver diseases (n = 91, γ = 0.3149,P <

0.01). TNF-α contents showed a remarkably positive correlation

with  HA  and  LN  levels in CMH  and  CSH  (LN: n = 40, γ =
0.3404,P < 0.05; HA: n = 40, γ = 0.3847, P < 0.05). The

total collagen content of MCH, SCH and LC increased  gradually

in liver biopsy specimens. The number of TNF-α positive cells

increased significantly in liver tissues from patients with SCH and

LC (62% ;45% ; P < 0.01). TNF-α positive cells were mainly

located in  the periportal areas.

CONCLUSION
TNF-α may be related to liver fibrosis, and might promote liver

fibrosis.


