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The role of piasminogen LBS in binding to nicked Bi-GPl was
evaluated by a competitive ELISA adding serial dilutions of EACA. a lysine
analog. into the nicked B.-GPI solution.

Kinetic assay for molecuiar interaction between nicked B-GPl and
plasninogen. Real-time analysis for molecular interaction between nicked
R+-GPl and Glu-plasminogen was performed using an optical-biosensor,
lAsys system (Affinity Sensors, Paramus. NJ). Biotinylated Glu-
plasminogen was immobilized on the wall of a biotin cuvetie (Afinity
Sensors) via streptavidin (Sigma Chemical). Afier blocking with 0.01%
BSA-PBS and washing with PBS. various concentrations {up to 4 pM) of
native or nicked B,-GPl were placed in the cuvctte and ligand bound to the
plasminogen-coated surface was detected, Obtained data weye fitted using
linear regression to find the intercept and gradient, This analysis was usedio
determine the associalion rate constant {k,.) and dissociation rate constant
(Kgss). from the wvariation of the on-rate constamt (K., with ligand
concentration. According to the equation; Ko = kaigs + ko {ligand]. Kyy and
K.a are determined as follows: Kp = KK a0d Ka = kooKaiss-

Inhibiion ELIS4. To identify the nicked {.-GPl-binding site on
Glu-plasminogen. the inthibition of Glu-plasminogen binding by fragments
of plasminogen was examined. Fifty microliters of nicked Bs-GPI (0.2 pM)
diluted in PBS was put into each well of a MaxiSorp micretiter plate (Nalge
Nune Intemational, Roskilde, Denmark) and incubated ovemight at 4°C.
After washing twice with PBS and blocking with 2% gelatin-PBS for 1 hour
at 37°C. serial dilutions of inhibitor (BSA, plasminogen kringle 1-3,
plasminogen kringle 4. or mini-plasminogen} were added (50 pL/well)
followed by ovemight incubation at 4°C. Afier washing with PBS-Tween.
10 pg/ml Glu-plasminogen was then added (50 pLiwell) and incubaied for
30 minutes at room temperature, and plates were washed 3 times with
PBS-Tween. To compare the inhibitory effect between kyingle 1 to 3 and
mini-plasminogen, a monoclonal antikringle 4 antibody (American Diagnos-
tica) was used to detect bound Glu-plasminogen. whereas a monoclonal
antikringle 1 10 3 antibody {American Diagnostica) was used to compare
the inhibition of mini-plasminogen with that of kringle 4. After incubation
with these monoclonal amibodies. bound Glu-plasminogen on nicked
B.-GP] was evaluated by ALP-conjugated antimouse lgG. followed by
substrate addition as described (“ELISA for binding of intact or nicked
B,-GP] 1o plasminogen™).

Inhibitery effeet of wicked RGPl on the binding of plasminogen to
fibrin. Ta investigate whether nicked £,-GPl interferes with the binding of
Glu-plasminegen to immobilized fibrin in a Jliquid phase or not, the
following experimem was done, Each well of a Sumilon Type S microtiter
plate (Sumitomo Bakelite) was coated with soluble fibrin monomer (5
pg/ml) and incubated a1 4°C overnight, followed by washing with
PBS-Tween and blocking with 2% pelatin-PBS at 37°C. Biotinylated
Glu-plasminogen {5 pg/mL in 1% BSA-PBS) was preincubated with
different concentrations of intact or nicked B»-GP] for ] hour at room
temperature and added to the wells in triplicate. Afier incubation for | hour
at room temperature. ¢ach well was washed with PBS-Tween. ALP-
conjugated streptavidin was diluted 10 3000 times in PBS and distributed to
the wells. After 1 hour of incubation and washing. substiate was added and
absorbance was measured as described.

Effects of intact or nicked BrGPI on tPA activity: chromugenie assay.
In the presence of fibrin. tPA can effectively activale plasminogen to
plasmin: Because we speculated that nicked B2~GP1 might interfere with
this activation step by binding 1o plasminogen. chromogenic assay measur-
ing plasmin generation was introduced in the presence of 1PA. Glu-
plasminogen. fibrin monomer, and Ba-GPl. The effect of intact/nicked
B1-GPl on the activity of plasmin generated was evaluated using a parabolic
rate assay. The activity of 1PA was measured in 2 chromogenic assay as
described”” with some modifications. A mixture of the same volume of 50
U/mL tPA in PBS and ] M acetate buffer (pH 3.9) was incubated for 5
minutes at room temperature, then dilvted 1:160 with assay buffer (50 mM
Tris-HCL, pH 8.8, 100 mM NaCl. and 0.01% Triton X-100), Then 100 uL of
the diluted tPA solution was incubated in a Sumilon Type § microtiter plate
with 100 pL detection reagents consisting of Glu-plasminogen and
plasmin-sensitive substrate (Glu-plasminogen [70 pg/mL] and 0.6 mM
chiromogenic substate $-2251 [Chromogenis, Méndal, Sweden] in assay
bufler) with intact or nicked $,-GPl and 2 pLiwell soluble fibzin monomer
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(3.3 mg/mL, in 3.5 M wrea). The final concentrations of intact/nicked
Ba-GP) were 0, 0,25, and 0.5 M. Domain 1 1o IV of B-GPl nuant or BSA
served as the negative control. After incubztion at 37°C for 12 hows, the
activity of plasmin generated was determined by measuring absorbance
at 405 nm using a microplate reader {model 3550; BioRad. Hercules,
CA). A standard curve was generated using serial dilutions of tPA. The
plasmin generation in this system was expressed as comesponding tPA
activity (U/ml).

Effects of intact o nicked B-GPI on 1PA activity: fibvin plate assar.
Ta exclude the possibility that nicked $.-GPl affected S-225] cleavage
without interacting with fibrinolytic factors, fibrinolysis was evaluated by
conventional fibyin plate assays. Fibrin was layered on a plastic plate 10 ¢cm
in diameter. using the same volumes of 0.2% plasminopen-fiee fibrin
(Sipma Chemical). 1% agavose, and 200 pl/plate thrombin. 20 U/mL.
Then, 6 pL of the diluted tPA solution {“Effects of imact or nicked B;-GF}
on tPA activity: chromogenic assay”) was incubated with the same volume
of Glu-plasminogen (70 pwg/ml) in assay buffer, with intact or nicked
B2-GPI (up 1 0.5 pM). After 36 howrs of incubation at 37°C. the area of
lysis rings was measwred. A standard curve was generated from serial
dilutions of tPA.

Statistical analysis. Statistcal evaluation was performed by the # test.
Fisher exact test, x° test, or Spearman rank cowrelation as appropriate. P
vabues Jess than .05 were considered statistically significant.

Results
Levels of nicked Bz-GPl in plasma samples

The plasma levels of nicked B,-GPI ratio are shown in Figure 1. A
noermal level of nicked f3,-GPI ratio was derived from the
apparently healthy subjects without any MRI abnormality, the
mean plus 1 SD representing the upper liniit of normal. A higher
prevalence of elevated nicked B,-GPl ratio was found in patients
with ischemic stroke {63%, 39 of 62) and healthy subjects with
lacunar infarct (27%, 14 of 52) when compared to healthy subjects
with normal MRI findings (8%, 6 of 78). Relative risks of having
stroke or asymptomatic lacunar infarction were approximated by
odds ratio (95% C1), 20.3 (7.6-54.2) and 4.4 (1.6-12.4), respectively.

The prevalence of elevated levels of markers of thrombin
generation and fibrinolytic Turnover in our population are shown in
Figure 2. A statistically significant correlation was observed
between levels of PPI and nicked B.-GPl ratio in plasma of healthy
subjects with lacunar infarct {r* = 0.3], P = .02). No correlations
were found between nicked B,-GPl ratio and DDs or TAT
complexes in any of the groups,
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Figure 1. Plasma levels of nicked B~GPl. Total and nicked B-GF plasma Jevels
were determined by ELISA, A nicked B,-GPI ralio, (plasma nicked Ba-GPl/plasma
1otal B-GPl) = 1000. was eslablished in all the samples. The dashed line indicales
the mean + 1 SD of the ratio in hea'ihy subjects without lacunarinfarel. P values were
calculaled using ! tesl.
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Figure 2. Prevalence of abnormally elevaled plasea levels of nicked p;-GPland
of markers of thrombin generation/fibrinolytic lurnover in our population.
Plasma levels of D-dimers (DD). plasmin-antiplasmin complex (PP}, and thrombin-
antithrombin complexes (TAT} were delermined in all the subjecls as descrited in
“Palients, materials, and methods.”

In the apparently heakhy subjects group (n = 130), plasma
nicked [;-GPI ratio significantly correlated with age (r2 = 0.483,
P < .0001; Figure 3). Therefore, plasma measurement of nicked
B;-GPI might be a useful screening tool in the assessment of
patients at risk of ischenzic stroke.

Binding of nicked p-GPI to Glu-plasminogen

The binding of up to 0.4 wM nicked B;-GPI 10 solid-phase
Glu-plasminogen occurred in a dose-dependent manner, whereas
the same concentrations of intact B;-GPI did not bind to Glu-
plasminogen (Figure 4A). The binding of Cof-22 to B,-GPI was not
affected by the cleavage of B;-GPl. Molecular interaction between
intact or nicked B;~GPI and plasminogen was investigated using an
optical biosensor. Nicked B,-GPI showed a large extent of binding
to immobilized Glu-plasminogen, whereas intact B,-GPl did not
show any specific binding (Figure 4B). The data of k,, at different
concentrations of nicked B;-GP} were fitted using linear regression,
determining ko as 0.0006 M~7s™! and k. as 0.0022 s~' (Figure
4C}. Accordingly, Ky, and K, were determined as 0,37 X 1070 M
and 2.70 X 10° M~ respectively.

Inhibition of binding of Glu-plasminogen to nicked p,-GPI
by the fragments of plasminogen or by EACA

The binding of Glu-plasminogen (10 pg/mL) to immobilized
nicked B;-GPI, but not to native B,-GPl, was demonstrated by
ELISA. For the mhibition assay, the fragments of plasminogen
{mini-plasminogen or kringle 4) as the mhibiting factors were
added to the wells coated with nicked B,-GPl, and bourd Glu-
plasnunogen was detecled using a monoclonal antikringle 1 to 3
antibody., Mini-plasminogen, but not kringle 4, inhibited the
binding between Glu-plasminogen and nicked f,-GPI (Figure 5A).
Kringle 1 to 3 fragment or mini-plasminogen was added as
inhibitor and bound Glu-plasminogen was detected using a mono-
clonal antikringle 4 antibody. Glu-plasminogen binding to nicked
B:-GPI was dose dependently inhibited by mini-plasmimogen but
not by kringle 1 to 3 fragment (Figure 5B). The fifth domain or the
catalytic domain of Glu-plasminoges, therefore, was predicted to
mediate its binding to nicked B,-GPI.

When the binding of nicked $,-GP! (10 ug/mL) to solid-phase
Glu-plasminogen was tested in the presence of different concentra-
tions of EACA, the binding between nicked (3,-GPI and immobi-
lized Glu-plasminogen was abolished in a dose-dependent manner
{Figure 5C}. Accordingly, LBS on plasminogen niight mediate the
binding of nicked B,-GPI to Glu-plasminogen.
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Binding of plasminogen to fibrin interfered
with by nicked B;-GPI

We also investigated whether nicked B-GPl has an effect on the
binding of Glu-plasminogen to immobilized fibrin monomer using
an ELISA system. Afier preincubation with nicked B,-GPI, but not
with intact B-GP1, Glu-plasminogen showed decreased binding
activity to soluble fibrin monomer (Figure 5D).

Effects of nicked B2-GPl on extrinsic fibrinolysis

The amidolytic activity of newly generated plasmin was evaluated
as 1PA activity (U/mL) in a chromogenic assay. The activity
increased with the concentration of 1PA (data not shown). When
nicked B;-GPI was added, the tPA activity decreased in a dose-
dependent manner (Figure 6A). Intact $,-GP1 at 0.25 M did not
suppress the fibrinolytic activity, whereas intact 8,-GP1in a higher
concentration (0.50 M) slightly suppressed the fibrinolytic activ-
ity. The same amount of BSA or the reconibinant domain 110 IV of
B:-GPI did not affeet the 1PA activity.

The fibrinolytic activity of generaled plasmin was measured as
1PA activity (/mL) in a fibrin plate assay, Fibrinolytic activity was
suppressed by nicked B-GPI at 0.25 and 0.50 p M. Imtact B-GPl at
0.50 M also slightly inhibited the fibrinolytic activity. However,
0.25 1tM imact B,-GP did not affect the fibrinolytic activity of IPA
(Figure 6B).

Discussion

In the first part of this study, we demonstrated that plasma Jevels of
nicked B;-GPl were zglevated in patients with ischemic stroke,
indicating an elevated degree of fibrin turnover, but lower than that
of DIC where thrombin and plasmin are massively generated.

In fact, nicked 3,-GPl was detected in Jarge quantities in plasma
of patients with DIC, a pathologic staie characterized by marked
increase of plasma PP1.22 We observed a strong correlation between
plasma levels of nicked B,-GPl and those of PPl in the healthy
individuals showing lacunar infarcts on MRI, suggesting that
nicked B,-GPI may rather reflect “minor” plasnun generation. In
the presence of larger plasmin generation, the correlation between
nicked B,-GP! and PPl may be lost.?* presumably due to the
consumption of «;-AP. In individuals with MRT zbnormalities
the prevalence of increased nicked B;-GPI ratio was higher than
that of PPl, DDs, and TAT complexes (46%, 27%. 19%, and
11%, respectively). Thus, the detection of nicked B,-GPI may

Mwkad §.-GP Hatn (x 1000 )

Figure 3. Correlation between plasma levels of nicked B;~GPl and age in
apparently healihy subjects. Nicked B;-GPi was measured by a sandwich ELISA.
The dotied line represents the regression curve, Each circle shows nicked B-GPI
ralio and age in each subjecl.
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Figure 4. Binding of intact/nicked f-GP! to Glu-plasminogen, (&) Binding of intacl of nicked £>-GP! 1o immobilized Glu-plasminogen was evaluated by ELISA using mouse
monoclonat anti-B,-GPI anlibady Col-22. Closed circles indicate he dose-dependent binding of nicked B,-GPI to Glu-plasminagen, whereas open circles indicate thal inlac
PB2-GPl is unable to bind 1o Glu-plasminogen. {B-C) Kinetic plot showing molecalar interaction between Glu-plasminogen and intact or nicked Bz-GPl. Intact B3-GPl or nicked
B2-GPl binding to Glu-plasmincgen was detected using |Asys, an optical bissensor as described in *Patients, mate fials. and methods,” Binding exlenl (are sec) was compared
between inlacl and nicked Bz-GPI (B). Oblained on-rate constant (ke for nicked Bx-GP] was plolled and fitted using linear regression 1o find the intercepl and gradient (C).

Aformula for determining the association rate constant [kyss) and dissocialion rate constant {Kaas) is as foliows: ken ™ kgss+ Kass [ligand]. Error bars indicate SDs.

represent a more sensitive marker of vascular lesions than PP,
DDs, or TAT complexes.

In support of this concept is the comelation between nicked
;-GPl ratio and age in the apparently healthy subjects, suggesting
that “minor” plasmin peneration might be associated with subclini-
cal or early clinical atherosclerosis, It is widely accepted that
atherosclerosis is associated with endothelial cell activation and
minoer plague rupture Jeading to small thrombus formation, secre-
tion of t-PA, and plasmin generation, ultimately cleaving 5,-GPL
Indeed, nicked B;-GPl can be penerated on the surface of activated
endothelial cells or platelets.®

In the second part of this study, we investigated the propernties of
nicked B;-GPl in vitro to evaluate the biologie significance of our
observations. We showed that nicked B;-GPl specifically binds to
Glu-plasminogen and inhibiis extrinsic fibrinolysis in vitro. In
contrast, neither domain I to TV of B;-GPl nor intact [,-GPI
revealed such functions. The administration of intact $,-GFl in
higher concentrations also suppressed plasmin generation, perhaps
owing to the nicked B;-GPl produced by the newly generated
plasmin. Under clinical conditions characterized by massive plas-
niin generation such as DIC or acute thrombosis, plasmin is
generated by 1PA released from activated endothelial cells with
thrombus formation, and plasmin cleaves B;-GPI on the throm-
bus, changing the properties of $,-GPI. We propose that p3-GPI
is a precursor of plasmin-nicked B,-GPl, a physiologic inhibitor
of fibrinolysis.

The crystal structure of human £;-GPl has been defined?82?
Bouma et al®® proposed that a large positively charged patch in
domain V binds 1o anionic surfaces with a flexible and partially

hydrophebic loop inserted into the lipid Jayer. According to the
conformation of the nicked domain V, as predicted from the x-ray
structure of the intact domain V and confimed by heteronuclear
magnetic resonance, the nicked C-1terminal Joop is tightly fixed by
electrostatic interaction with enhanced stability, the result being
neutralization of the positive charge of the lysine cluster,263°
Glu-plasminogen. a full-length protein, is the naturally cirenlat-
ing form of plasminogen. Kringle 5§ of Glu-plasminogen has a
higher affinity for intact fibrin. 332 LBS in kringle 5 of G-
plasminogen mediates its binding to N-terminal lysine on fibrin, an
event essential 1o initiate fibrinolysis reactions. This initial binding
of Glu-plasminogen to fibrin induces a conformational change
from a “‘closed” to an “open” form, thus promoting accessibility to
plasminogen activators such as tPA or urckinase.'® On the fibrin
surface, generaled plasmin cleaves the single-chain tPA into the
2-chain 1PA, a more active forny, providing a positive feedback for
plasmin generation. Plasmin simultaneously degrades fibrin and
makes C-terminal lysine of fibrin more accessible 1o plasmimogen
via kringles 1,** 2, and 3, thus accelerating fibrinolysis.
According 1o the results of the inhibition studies using plasmin-
ogen fragments or EACA (Figure 5), and comparison of the effect
on plasmin generation between nicked $,-GPI and domain 1 1o IV
of B2-GPI (Figure 6A), it would be indicated that the binding of
nicked 8,-GP] to Glu-plasminogen is mediated by the interaction
between the lysine-cluster patch in domain V of the nicked B;-GPJ
and LBS on the plasminogen kringle 5,% although it still may be
possible that an excess amount of EACA interacts with the catalytic
domain of Glu-plasminogen. The conformational difference be-
tween intact and nicked B,-GPI is critical for its binding 10
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Figure 5. Identification of the binding site of Glu-plasminogen 1o B;-GPl by inhibition ELISA using plasminogen fragments. (A} Binding of Glu-plasminogen lo
immohilized nicked B;-GPl was lesied by ELISA in the presence of possible inhibilors. After nicked B-GPI immobilization onte microliler plates, different concentrations of
kringie 4 of plasminogen {O) of mini-plasminagen {that consists of kangle 5 and catalylic domain of plasminogen; ®) were added as inhibitors. BSA (W) served as control. Afier
incubalion and washing, Glu-plasminogen (80 pgiml) was added and bound Glu-plasminogen was determined using kringle 1- to 3-specilic mouse monoclonal
antiplasminogen anlibody. {B) For the inhibition ELISA kringle 1 1o 3 of plasminogen (C) or mini-plasminogen (@) served as inhibitors. Glu-plasminogen bound to immobilized
By-GPl was delecied using kringle 4-specific mouse monoclenal antiplasminogen antibedy. Assays were run in triplicale. (C) Competitive ELISA using EACA, a lysine
homologue. Binding f nicked B-GPI (0.2 M) 1o immobilized Glu-plasminogen was tested by ELISA using Col-22 anlibody in the presence of various concentrations of EACA
(0-0.20 pg/roLy. (D) Soluble fibrin monomer (5 pg/mL) was coaled on the surface of a microtiter plate and blocked. Bictinylated Glu-plasminogen (5 pg/imt) was preincubaled
with inlact or nicked B,-GPl and added to the wells. Afler incubation and washing, ALP-conjugaled streptavidin was used for detection. Assays were run triplicale. Error bars
indicate 8Ds, K indicales kringle; mini-plg, min-plasminogen.
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Figure &. Inhibitory effect of nicked £,-GPI on plasmin generation, (A) Plasmin
generation was measured by parabolic rale assay using synthelic subsirate $-2251
in the presence of tPA, Glu-ptasmincgen, and fibrin monomer. Nicked Bz-GPI (#),
intact B2~GPI (O}, B2-GPI domain I-IV mutant (), or BSA {{J) was added to the
reaction in the indicated concentrations. Afler 12 houwrs of incubation, absorbance at
405 nm was measured and expressed as tPA adlivity {U/mL) using 1PA as standard.
{B) Fibrinolytic aclivity was measured using fibrin plate assay. Solulion reaction
containing tPA, Glu-plasminogen, and nicked (®) or intacl B-GPI (O} were placed
onlo fibrin plates. After 36 hours of incubation, the ring area of lysis was measured.
Assays were performed in triplicale. Error bars indicale SDs. D indicates domain

phospholipid or plasminogen. The lysine-cluster patch in domain V
of nicked B,-GP} may gain accessibility for the LBS of Glu-
plasminogen, whereas the C-terminal loop of intact §;-GPl may
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imerfere with interactions of LBS and the Glu-plasminogen
kringle 5.

The fibrinolytic system is regulated at different levels, either at
plasminogen activation or at enzymatically active plasmin, Many
factors, including o;-AP, a-macroglobulin, «;-antitrypsin, inacti-
vated C1, PAI-1, and PAl-2, prevent ihe overactivation of the
fibrinolytic system. The mwost potent inhibitors are w,-AP and
PAl-13%; the former binds to a component of kringle 1 10 3 of
plasminogen® and can neutralize the generated plasmin more
rapidly than o;-macroglobulin.

Fibrinolysis initiates on binding of kringle 5 of plasminogen to
Tysine residues on fibrin followed by the binding of kringle 1 to 3 of
plasminogen to lysine residues on the cleaved fibrin. «,;-AP does
not bind to kringle 5 of plasminogen, hence, does not seem to affect
the firs1 interaction. Based on the observation that nicked (,-GPI
interferes the binding between Glu-plasminogen and fibrin mono-
mer (Figure 5D), 11 is likely that the binding of nicked B,-GPl to
Glu-plasminogen affects the first step of fibrinolysis at least and
exerts an inhibitory function in the fibrinolytic system via different
mechanisms from that of a;-AP.

In conclusion, first we have demonstrated that plasma Jevels of
nicked B,-GPI can be a sensitive marker of cerebral ischemic
events and we suggest that plasma measurement of nicked B,-GPI
might be a useful screening tool in the assessment of patients at risk
of ischemic sitroke. Second, we propose that nicked B,-GPI is a
physiologic inhibitor of fibrinolysis and that plasmin cleavage of
B,-GPl is part of the negative feedback pathway of extuinsic
fibrinolysis.

Acknowledgment

We wish 10 thank Professor Koji Suzuki, from Department of
Molecular Pathobiology, Mie University School of Medicine, Tsu,
Japan, for great suggestions and fruitful discussions.

1. Galli M, Comiurius F, Maassen C, el al. Anlicar-
diclipin anlibodies (ACA)} directed not o cardio-
fipin but 1o a plasma protein cofactor. Lance!. 345,
1990:335:1544-1547. 9

2. McNeil HP, S8impson RJ, Chesterman CN, Krilis
SA, Anli-phospholipid antibodies afe direcled
against a complex anligen thal induces a lipid-
binding inhibitor of coagulation: B2-glycoprotein 1
{apolipoprotein H). Proc Natl Acad SciU S A. 10
1990;87:4120-4124.

3. Matsuura E, lgarashi Y, Fujimoio M, ichikawa K,

Koike T. Anticardictipin cofactor(s) and differenlia?
diagnosis of aulaimmune disease. Lancel. 1590,
336:177-178. 1

4. Hughes GRV. The anliphosphofipid syndrorne:
ten years on. Lance, 1993,342:341-344.

5. Hunt JE, Simpson RJ, Krilis SA. Identification of a
region of B2-glycoprotein | crilical for lipid binding 12,
and anti-cardiolipin antibody cofaclor activily.

Proc Natl Acad Sci U 5 A, 1993;90:2141-2145,

6, Ohkura N, Hagihara ¥, Yoshimura T, Golo Y, Kalo
H. Plasmin can reduce ihe funclion of human B2 13.
glycoprotein 1 by cleaving domain V' inta a nicked
form, Blood. 1998:81:4173-4179.

7. NimpfJ, Bevers EM, Bomans PHH, el a". Pro-
thrombinase aclivly of human platelets inhibited 14
by B2-glycoprotein |, Biochem Boiphys Acta,
1986;884:142-149.

8. ShiW, Chong BH. Hogg PJ. Chesterman CN,
Anlicardiolipin anlibodies block the inhibition by

73:798-804,

49.55.

B2-plycoprotein | of the factor Xa generaling sc- 15.
tivily of platelets. Thromb Haemost. 1983.70:342-

. Scheusboe |, Rasmussen MS, Synchronized inhi-
bition of the phospholipid mediaied autoactivation
of factor X in plasma by p2-glycoprotein | and 16.
anli-p2-glycoprolein |. Thromb Haemosl. 1995;

. Mori T, Takeya H, Nishioka J, Gabazza EC, Su-
zuki K. B2-Glycoproiein | modulates the anlico- 17.
agulant activity of aclivated prolein C on Lhe
phospholipid suface, Thromb Haemost, 1896:75;

. leko M, kehikawa K, Triplett DA. el al. B2-Glycop- 18.
rolein | is necessary to inhibil protein C aclivity by
maonoclonal anticardiolipin anlibodies. Arhritis
Rheum, 1999;42:167-174.

Nakaya Y, Schaefer EJ, Brewer HBJ, Activation of

human post heparin lipoprotein lipase by apeli-

poprolein H (B2-glycoprotein 1), Binchem Biophys

Res Commun. 1980:95:1168-1172.

Wurm H, Beubler E, Poiz E, Holasek A, Kostner

G. Studies on the possible funclion of p2-glycop- 20.

rolein-): influence in the triglyceride metabolism in

the ral. Melabolism. 1982,31:484-486.

. Hasunuma Y, Matsuura E, Makita Z, Kalahira T,
Nishi §, Koike T. Involvement of B2-glycoprotein |
and anticardiolipin anlibodies in oxidalively modi-
fied Yow-density lipoprotein uplake by macro-
phages. Clin Exp Immunol. 1997;107:569-573. 22.

Chonn A, Semple SC, Cullis PR. B2 glycoproteini
is @ major prolein assecialed with very rapidly
cleared liposomes in vivo, suguesling a signifi-
cant role in the immune clearance of “non-sell”
paficles, J Biol Chem. 1995;270:25845-25849,
Manliredi AA, Rovere P, Galati G. et al. Apoplolic
cell clearance in syslernic lupus erythematosus; I:
opsonizalion by antiphospholipid antihodies. Ar-
thritis Rheurn, 1998;41:205.214.

Manfredi AA, Rovere P, Hellai S, ¢l al. Apoplotic
cell clearance in systemic lupus erythematosus;
I1; role of B2-glycoprotein I, Arthritis Rheum,
1998;41:215.223.

Wallen P, Wiman B. Characlerizatlion of human
ptasminagen:; |: on the relationship between &if-
ferenl molecular forms of plasminogen demon-
straled in plasma and found in purified prepara-
tions, Binchim Biophys Acta, 1570;221:20-30.

19, Penling CP, Holland SX, Cederhalm-Williarms SA,
et al. The compact domain conformation of hu-
man Glu-plasminegen in solution. Biochim Bio-
phys Acta. 1992,1159:155-161.

AokiN, Sailo H, Kamiya T, Koie K, Sakata Y,
Kobakura M. Congenilal deficiency of a2-plasmin
inhibilor associaled with severe hemarrhagic len-
dency. J Clin nvesl. 1979,63:877-884.

21, Loskulofl DJ. Sawdey M, Mimure J, Type 1 plas-
minogen aclivator inhibitor, Prog Hemost Thromb,
1989,8.87-115,

Horbach DA, van Oort ET, Lisman T, Meijers JC,

— 458 —



3772

23,

24,

25,

26,

27,

YASUDA et al

Derksen RH. de Grool PG. B2-Glycoprotein | is
protedlylically cleaved in vivo upan aclivation of
fbrinotysis. Thromb Haemosl. 1999;81:87-95.
lloh Y, Inuzuka ¥, Kohno |, et al. Highly increased
plasma concentrations of the nicked form of p2-
glycoprolein | in patients with leukemia and with
lupus anlicoagulani: measurement wilh a meno-
¢lonal snlibody specific for a nicked form of do-
main V, J Biochem [Tokyo), 2000;128:1017-1024.
Igarashi M. Matsuura E, Igarashi Y, et al. Human
B2-glycaprolein | as an anticardiolipin cofaclor
determined using deleted mutants expressed by
a Baculovirus system. Blood. 1906:87:3262-
3270.

Matsuura E. Igarashi Y, Fujimoto M, et al. Helero-
geneity of anticardiolipin antibedies defined by
the anticardislipin cofactor. J iImmunol. 1992;148:
3885-3891.

tatsuura E, Inagaki J, Kasahara H, el a, Proteo-
lytic cleavage of B2-glycoprotein I: reduction of
antigenicity and the struclural relationship. Inl im-
muno!, 2000;12:1183- 1192,

Ranby M. Wallen P. A sensilive parabolic rale as-
say for tissue plasminogen activalor. In: Davidson
JF, Nilson Iid, Asied B, eds. Progress in Fibrinoly-

28

30,

3.

32.

33,

sis. Vol 5. New York, NY: Churchill Livingstone;
1981:232-235.

. Bouma B, de Grool PG, van den E!sen JM, el al,

Adhesion mechanism of human B2-glycoprotein 1
to phospholipids based on its cryslal structure,
EWMBO J. 1999.18:5166-5174,

Schwarzenbacher R, Zeth X, Diederichs K, et al.
Crystal structure of human f2-glycoprotein L, im-
plications for phosphalipid binding and the an-
tiphospholipid syndrome. EMBO J. 1999;18:
6228-6239.

Hoshino M. Hagihara Y. Nishii §, Yamazaki T, Kato
H. Gote Y. idenlificalion of the phospholipid-bind-
ing sile of human B2-glycoprolein | domain V by
heteronuclear magnetic resonance, J Mol Biol,
2000;304:927-939.

Lucas MA, Fretto LJ, McKee PA, The binding of
human plasminogen to fibrin and fibrinogen.

J Biol Chem. 1983;258:4249-4256,

Wu HL, Chang BI, Wu DH, et al. Interaction of
plasminogen and fibrin in plasminagen activalion.
J Biol Chem, 1390; 265:19658-19664.

Christensen U. CAerminal lysine residues of k-

— 455 —

35,

36

37.

38,

BLOOD, 15 MAY 2004 - VOLUME 103, NUMBER 140

brinogen fragments essential for binding 1o plas-
minogen. FEBS Letl, 1985;182:43-46.
Tran-Thang C. Kruithof EK, Atkinson J. Bach-
mann F. High-affinity binding sites for human Glu-
plasminogen unveiled by limited plasmic degra-
dation of human fhibrin. Eur J Biochem. 1886;160:
559-604.

Matsuka YV, Novokhatny V., Kudinov SA. Fluo-
resgence spectroscopic analysis of ligand binding
1o kringle 1 + 2 + 3 and kringle 1 fragmens from
human plasminogen. Eur J Biochem. 1990,190:
83-97.

Chang Y, Mochalkin 1, McCance SG, Cheng B,
Tulinsky A, Caslellino FJ. Struclure and ligand
binding determinants of the recombinant kringle 5
domain of human plasminogen. Biochemistry,
1608:37:3258-3271.

Colten D, Lijnen HR, Basic and clinical aspects of
fibrinolysis and thrombolysis. Blood. 1891,78:
3114-3124.

Thorsen S, Clemmensen |, Soltrup-Jensen L,
Magnusson 5. Adsorplion 1o fibrin of native frag-
menis of known primary structure from human
plasminogen. Biochem Biophys Acla. 1981;668:
377-387.



Endocrine Journal 2004, 51 (1), 25-30

Alternate Promoter and 5’-Untranslated Exon Usage of the
Mouse Adrenocorticotropin Receptor Gene in Adipose Tissue
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Abstract. Mouse adrenocoriicotropin receptor (ACTH-R/MC2R) messenger ribonucleic acid (mRINA) is expressed
predominantly in the adrenal gland and, to a lesser extent, in adipose tissue. Tn this study, we found a novel 135-bp exon 1
(exon 1f) of the ACTH-R gene transcribed in mouse adipose tissue by RNA ligase-nediated rapid amplification of cDNA
ends, which was located 1.4 kb downstream in {he genome of previously-reported exon 1 (exon la) transcribed in the
adrenal gland. The novel promoter region, 1.4 kb upstream of exon 1f contained three CCAAT boxes. RT-PCR analysis
revealed that ACTH-R mRNA from adipose tissue and differentiated 3T3-L] adipocyles exclusively contained exon 1f.
Thus, the promeoter region flanking to exon 1f is thought to be essential for adipose tissue, while that flanking to exon la is
specific for the adrenal gland. A search for a similar sequence of mouse ACTH-R exon 11 and its flanking region in the
human genome sequence database of GenBank Human Genome Resources did not reveal such a sequence in the region of

the human ACTH-R gene. This may explain the absence of ACTH-R expression in human adipose tissue.

Key words: ACTH receptor, Adipose tissue, Alternate promoter, Mouse

(Endocrine Jowrnal 51: 25-30, 2004}

THE analysis of mouse adrenal ¢cDNA and genomic
DNA revealed that the adrenocorticotropin receptor
(ACTH-R/MC2R) gene consists of four exons [1]: the
first three exons encode the S-untranslated region
(UTR) and the fourth exon encodes part of 5-UTR,
the entire coding region, and the whole of 3'-UTR.
Two mRNA species, one with and one without 57-bp
exon 2 by alternative splicing were demonstrated in
the adrenal gland [1]. The human ACTH-R gene con-
sists of two constant exons and one alternate exon be-
tween them [2, 3]: the first exon and alternate exon
encode 5'-UTR and the other encodes part of 5'-UTR,
the entire coding region, and the whole of 3-UTR.
The coding region of the ACTH-R gene in both spe-
cies shows an 84.6% nucleotide identity, The first
exon and the proximal promoter region of the gene in
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the two species are also well conserved. However,
mouse exens 2 and 3 show no homelogy to any se-
quences of the human ACTH-R gene.

It is well known that ACTH does not act directly
upon human adipose tissue {4, 5], but is bound to the
membrane receptor specific for ACTH itself in rat
adipose tissue [6] and stimulates intracellular cAMP
production and lipolysis in adipose tissue of mouse,
rabbit, and rat [7-9]. ACTH-R mRNA was demon-
strated in adipose tissue of mouse but not of human
[10]. To clarify the mechanism(s) of the different ex-
pression of the ACTH-R gene in adipose tissue of
mouse and human, we performed RNA ligase-mediated
rapid amplification of cDNA ends (RLM-RACE) [11,
12] using total RNA from mouse adipose tissue and
found a novel 5-UTR exon 1. The sequence in the
human ACTH-R gene similar to that of novel exon 1]
and its 5' flanking region (proximal promoter} of the
mouse gene was not found when searched for in the
human genome sequence database of GenBank Human
Genome Resources.
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Materials and Methods
Oligonucleotide primers

Sequences of oligonucleotide primers were: mCTRIAS
(antisense; coding region; 464-481 of GenBank accession
number NM_008560), 5-CAGACTGCCCAACATGTC,
mCTR2AS (antisense; coding region; 388-1005 of NM_
008560), 5-TAAGGGTTATTTGGGCAG; mCTRASN
(antisense; coding region; 314-331 of NM_008560),
S-AACTACATCAGGACAATC, mCTREXI1S (sense;
shown in Fig. 2), 5'-CAGTCATCTTGCCGAGAAAG;
mCTRaltlS (sense; shown in Fig. 2), 5~CAAGGGA
GGGCAGAAACTG.

Animals, cell culture, and RNA extraction

Std:ddY mice 8 weeks of age were obtained from
Japan SLC Inc. Total RNA from adrenal glands and
epididymal adipose tissue was extracted by cesium-
chloride ultracentrifugation. Y-1 mouse adrenocorti-
cal cells were cultured in F-10. medium and 10%
fetal calf serum (FCS). 3T3-L1 cells were grown in
Dulbecco Modified Eagle’s Medium (DMEM)} and
10% FCS until confluent, followed by an enhancement
of differentiation by an addition of 0.5 mM 1-methyl-
3-isobutylxanthine, 0.25 mM dexamethasone, and in-
sulin (1 mg/ml) for 2 days [13]. Cells were then fed in
DMEM and 10% FCS and used within 5 to 7 days.
Total RNA from cells was extracted by guanidinium
thiocyanate-phenol-chloroform method.

RNA ligase-mediated rapid amplification of cDNA ends

RLM-RACE was performed using FirstChoice
RLM-RACE kit (Ambion, USA) according to manu-
facturer directions. In brief, 10 ug of total RNA from
mouse epididymal adipose tissue was incubated with
calf intestinal phosphatase {CIP) followed by phenol/
chloroform extraction. CIP-treated RNA was incubat-
ed with tobacco acid pyrophosphatase (TAP) at 37°C
for 1 h. A synthetic RNA adapter (supplied in kit) was
ligated to CIP/TAP-treated RNA as well as CIP-
treated/TAP-untreated RNA by T, RNA ligase at
37°C for 1 h. Then, ligated RNA" was annealed with
mCTR2AS at 65°C for 5 min and reverse transcribed
with ThermoScript RT (Life Technologies, USA) at
55°C for 50 min, followed by incubation at 85°C for
5 min for termination of reverse transcription. PCR

between mCTR1AS and Outer ADP-primer (supplied
in kit) using CIP/TAP-treated and CIP-treated/TAP-
untreated single strand cDNA as a template was initi-
ated at 95°C for 9 min for activation of AmpliTaq
Gold (Perkin Elmer, USA) and then carried out for
35 cycles consisting of denaturation at 94°C for 30 sec,
annealing at 60°C for 30 sec, and extension at 72°C for
45 sec. The PCR products were electrophoresed on a
2.5% agarose gel, and cloned directly onto TA cloning
vector (Invitrogen, USA) and sequenced on both
strands using M13 and MI3 reverse primers by
ABIPRISM sequencing system (Perkin Elmer, USA).

RT-PCR analysis of alternate first exon

Total RNA from mouse adrenal glands, epididymal
adipose tissue, Y-1 cells, and 3T3-L1 cells (undiffer-
entiated/differentiated) was reverse transcribed using
oligo-dT,, as a primer by Superscript II reverse-tran-
scriptase (Life Technologies, USA), followed by
PCR between oligonucleotide primers of mCTRalt]18
and mCTRI1AS, or mCTRalt1S and mCTRASN. PCR
between mCTRaltlS and mCTR1AS was initiated at
95°C for 9 min for activation of AmpliTag Gold, and
then carried out for 30 cycles consisting of denatur-
ation at 94°C for 30 sec, annealing at 60°C for 30 sec,
and extension at 72°C for 1 min. PCR conditions
between mCTRalt1S and mCTRASN were the same
except of 35 cycles and annealing temperature 58°C.
The PCR products were analyzed in a 0.8% or 2.5%
agarose gel.

Results

By RLM-RACE, an approximately 600-bp DNA
band was demonstrated in 2 lane of TAP-treated RNA,
but no DNA fragments in a lane of TAP-untreated
RNA (Fig. 1). After cloning of the RLM-RACE
products and sequencing of the clones (67 clones were
totally obtained), 64 clones contained a part of the
ACTH-R coding sequence, the whole of exon 3 with/
without exon 2, and novel 5'-untranslated sequence 5'
flanking to exons 3 and/or 2, indicating that the newly-
identified 5'-UTR seems 10 be a novel exon 1 (exon
1) {described later}. Of the 64 clones, the 5' end of
the insert cDNA of 24 clones was adenine numbered
as +1 in Fig. 2, and of 19 clones adenine at-11, and of
8 clones adenine at +13. The 5' end of the insert
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¢DNA of other clones was varied from —60 to +77.
Sixteen clones of the 64 clones contained alternate
exon 2. Of the 16 clones containing alternate exon 2,
the 5' end of the insert cDNA of 8 clones was adenine
at +1. Searching the novel exon 1f sequence in the
genomic DNA insert of the A phage clone containing
exon 1 (designated exon la) expressed in the adrenal
gland and isolated by our previous study [1], we found
that exon 1f was located approximately 1.4 kb down-
stream of exon Ia.

To assure that exon 1f was expressed in adipose tis-
sue, RT-PCR analysis was done. As shown in Fig. 3A,
exon 1f was expressed in epididymal adipose tissue
and adrenal glands {lanes 11 and 7), whereas exon la
was demonstrated in adrenal glands but not in adipose
tissue {lanes 1 and 5). Undifferentiated 3T3-L1 pre-
Fig. 1. Electrophoretic analysis of mouse adipose tissue cDNA adipocytes showed no ACTH-R ¢DNA (lanes 3 and 9).

obtained by RLM-RACE. Lane I, 100 bp DNA ladder; ~ Differentiated 3T3-L1 adipocytes expressed only exon
lane 2, TAP-treated RNA; lane 3, TAP-untreated RNA. 1 (Janes 4 and 10), and Y-1 cells exclusively exon la

1
-13%4 MMMMMAMMMWG'

-1314  GTARGCACATTTTGTATACATTICTCACCTTC T ARG TOCTC TR TCRGANTAGA AR AGCTAGGAACAAACCTARGAR
-1234 ATAGCTACATC T CAGG e T IO CAAR T T T T T T T I T T T I C T I T T T T T AT T GGATAT T TTOCTTATT u..-.uau TCARA
-1154  TOTTATCCCCTTTOOC TG TCTOCCCTOCACARAC T TATOCCACCOCC T TTGCTTCTATGAGGEGGTIC00CC
-1074  ACCACCCAOCARCCCACTCCCACCTOOC TACCCTGR A TTOOCCTACACTOGGCCATTARGOCTTCACAGGAOCARGGAS
-89  CTCTOCTOCCACAAAGCCATCCTTTGCTACATATCONGTTOGAGCCATGAGCCACTOCATGTCTACTC T TTRGTTRSTGE
=914 TTTAGTOCCTGGGAGCTCRGAGCAGOEGATGTCTGAT TEET TGN TAT TS TTTICTTOCTATOGGATTGCARACCCCTTC
-834  AGCTOCTICAGTOCT IO TC T ARA O IO AT THOGEACCCCATACTCTCAG T CAATAGC TEGCTATGAGCATCTGOCA
=754  AATTCTCTTARTTGTGSTTCATC T T TAAGGAAGTATC T TATT TCT AR TTARAGTATGACARTAAAATCTATTACTT
-674  CTCTGTCTAACTGAAACTTTCTTCTC T A TANTGART TTAT TAATT T T IC TG T T TG TCTTTATTATAGCT TATTCANTTA
-594 TARNSTCTATTARA T T AT ATGARC T TAC T CAGGAA T TACAGCAGAA TTTACTARTTGAA TARGTTGAAATTAAGAT
=514 COTTTTCTTCAACCTCTTTCAGTACCATOCT T T T TACCOGGTTARCC T TTAAAACAGGATARTTTTT TGOCAARAGACT
-434  AOOOEAGTTOOCACATGA TGO TOCCTRCAACTCTATCAC TAGCACAGCACATATGACTOCAGCARCTGAIGCATAGAAT
-354  ANTCARTTTAAGOCTATCTATGATOC TG OO ARG TGACC AR AGT TGGAACATECATTCARGOGARGACTCAGE
-274  ACACTCATGACTTTGTCCACCTGAC TG TOGTGGAACATACAGAGTOCARAGGAGATCGAGATORGAAGSETCCT TAGAGG
-194  GOGCTGAGAGAAGGECCTTGACCCAGACTORANAGAN A TO T T TOCAC TOCCAGGAGEAGAGAGAGETICTT
-114  GCTCACTTGTTCATG AT TGAGCARCCC T T TTACTOGAT TCCTATOCACTOGCCTAGT T TCARGTTGAAGTCOGAGGAC
-3 TOGIAOCOCAGIO0GABOCCCA A A AAGANC KA T TO TG TARTGAAGCCTOCAGCAGCTOCTAGARAGARCG
4 mmmmmmmmwmm
127 ARG TGAGTAGCT TCARARAGATTCT IO CTGCCAG TGO A TTCOGTOCCTCCTATCACAACAAGAGATTTGE
207 TTTCTCTOGCCTTGCARTAACTCARAGCAGCTTTARARARAA AR AR A AAGAARGARACARACGARGAGAGAGAGRGAS
287  GONITAGS

Fig. 2. Nucleotide sequence of the novel promoter region and exon 1f {see text) of the mouse ACTH-R gene. +1 corresponds to the
possible major transcription start site as indicated by a large arrow. Two small arrows indicate possible minor transcription
start sites. Large and small arrowheads denote the junction of exon 1f and intron sequence, and exon la and intron sequence,
respectively. Three CCAAT boxes and a TATA box are underlined. The oligonuclectide primers, mCTREXIS and
mCTRalt]8, are shown by line | and line 2 over the sequence, respectively. The sequence in the top (-13%4 to -1315} is part

of exon la.
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Electrophoretic analysis in 0.8% (pane] A) and 2.5% (panel B} agarose gels of RT-PCR products using total RNA of mouse

adrenals, epididymal adipose tissue, Y-1 cells, and undifferentiated/differentiated 3T3-L] cells as a template. Primers for
reverse transcription were oligo-dT,s, and PCR was done between a set of primers, mCTREX 1S and mCTR1AS for exon la
(lane 1 10 5 in panel A), mCTRalt15 and mCTRIAS for exon If (lane 710 11 in panel A), and mCTRalt13 and mCTRASN for
exon If (lane 12 to 14 in panel B). Lanes | and 7, adrenal glands; lanes 2 and 8, Y-1 cells; lanes 3, 9 and 12, undifferentiated
3T3-L1 preadipocytes; lanes 4, 10 and 13, differentiated 3T3-L1 adipocytes; lanes 5, 11 and 14, epididymal adipose tissue;
lane 6, A Hind/I7 -digested DNA marker; lane 15, 100 bp DNA ladder,

(lanes 2 and 8).

In adipose tissue and differentiated 3T3-L1 adipo-
cytes, RT-PCR between a set of primers, mCTRalt15
and mCTRASN demonstrated the predicted DNA
fragments of 303 bp and 360 bp, and the latter con-
tained 57-bp altemate exon 2 and was less prominent
than the former (Fig. 3B, lanes 13 and 14).

Discussion

In this study we found novel 5'-untranslated exon 1
(exon 1f) of the mouse ACTH-R gene transcribed in
adipose tissue. RT-PCR analysis confirmed that
mRNA from adipose tissue and differentiated 3T3-L1
adipocyte contained exon 1f, but no previously-proven
exon la which was transcribed in the adrenal gland
(Fig. 3A). Thus, exon 1f is unique for adipose tissue,
and exon la specific for the adrenal gland. RT-PCR
study alse defined that mRNA from the adrenal gland
contained exons la and 1If, independently, whereas
mRNA from Y-1 mouse adrenocortical cells contained
only exon 1a (Fig. 3A, lanes 1, 2, 7 and 8). It is con-
ceivable that the presence of exon 1f transcripts in the
adrenal gland was likely due to the contamination of
periadrenal fat tissues while removing adrenal glands
in vive. Further investigation is required to ascertain
whether or not exon-1f could be transcribed in the
adrenal gland.

In the RLM-RACE study, we used CIP-treated and
TAP-treated RNA to which a synthetic RNA adaptor
was ligated. CIP treatment removed free 5S'phosphates
from degraded RNA, and following TAP treatment
removed the cap structure from full-length mRNA,
leaving a 5' monophosphate. Therefore, the RNA
adaptor was ligated exclusively to full-length mRNA.
As more than one third (24 clones) of 64 clones
obtained by RLM-RACE contained 135-bp novel exon
If sequence, the 5' end was thought to be a major
transcription start site (numbered +1 in Fig. 1). Fur-
thermore, while 19 clones contained 146-bp exon 1f
sequence and 8 clones 122-bp exon 1f, those 5 ends
were then deemed to be minor start sites, One-fourth
(16 clones) of the 64 clones possessed 57-bp exon 2
which was alternatively spliced in the adrenal gland
[1], and RT-PCR analysis revealed that mRNA from
adipose tissue and 3T3-L1 adipocytes consisted of two
mRNA populations, one with and one without exon 2,
the latter being more prominent.

Analysis of the insert DNA fragment of the A phage
clone containing exon la previously isolated from
mouse genomic DNA library [1] revealed that exon 1f
was located approximately 1.4 kb downstream of exon
la, and later this was confirmed when the exon If
sequence in the mouse genome sequence database of
GeneBank (accession number NT 039674.1) was
found. It was reported that the proximal promoter
region flanking to exon 1a contained one SF-1 (steroido-
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Chromosome 18 37.0cM

1a 1f 2 (alternate) 3 4
] | | D,
1 I |
—
1kb
Fig. 4. Organization of the mouse ACTH-R gene. Coding

region is a2 white box, and untranslated regions are
black boxes.

genic factor 1) binding site lacking CCAAT boxes,
a TATA box, and consensus CRE (cyclic AMP
responsive element) sequence, and that SF-1 was
essential for the promoter function in Y-1 cells [14].
The relevant promoter region of the human ACTH-R
gene also contained a few SF-1 binding sites which
were critical for the promoter activity in Y-1 cells, and
several CRE-like sequences yet functionally undeter-
mined, lacking CCAAT and TATA boxes [15, 16].
The 1.4 kb promoter region flanking to exon 1f con-
tained three CCAAT boxes and a TATA box which
was located approximately 600-bp upstream of the
possible major transcription start site. There exist no
consensus binding sites for CRE-binding protein, AP-
1 (activating protein 1), SF-1, and PPARYy (peroxisome
proliferator-activated receptor y). While expression of
CCAAT/enhancer binding protein & and PPARy is
known to occur during differentiation of 3T3-L1
preadipocytes and to be sustained in adipocytes [17],
it is plausible that any CCAAT box(es) might be

responsible for ACTH-R gene expression in adipose
tissue. However, the functional analysis of the newly-
identified promoter region flanking to exon 1If is
required to understand the precise regulation of
ACTH-R gene expression in adipose tissue.

Exon la and the coding region of the ACTH-R gene
in mouse and human have a high degree of sequence
homology. A similar sequence of exon 1f and its
swrounding region in the human genome sequence
database of GenBank Human Genome Resources has
been searched, but no such sequence in the region of
the human ACTH-R gene has been found. This may
explain the absence of ACTH-R mRNA in human
adipose tissue.

The organization of the mouse ACTH-R gene, as
determined by this study and previous reports along
with the genome sequence data of GenBank Mouse
Genome Resources, is depicted in Fig. 4. The gene
spans approximately 23 kb on chromosome 18, 37.0
¢M locus [18] and consists of exons 1a (195-bp) [14],
1f (135-bp), 2 (57-bp), 3 (112-bp), and 4 (1,477-bp).
The distance between exons la and 1f, exons 1f and 2,
exons 2 and 3, and exons 3 and 4 (coding exon) of the
gene is 1,314 bp, 5,590 bp, 12,196 bp, and 1,490 bp,
respectively.
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Abstract

Graft versus host disease (GVHD) is a major complication of allogeneic hematopoietic stem cell
transplantation, leading to significant morbidity and mortality. Host-derived TNF-a play a role in the
induction of allo-reactive donor T cell activation and the pathogenesis of GVHD. On the other hand,
the precise role of donor-derived TNF-¢t in GVHD remains unclear. To elucidate this issue, we
designed an acute GYHD model using (B6xD2) F1 recipient mice transferred with spleen cells
derived from either wild-type or TNF-o7~ C57BL/6 mice. Surprisingly, we found that spleen celis
from TNF-c+ mice induce more severe graft versus host reaction (GVHR) than wild-type spleen
cells upon transfer into B6D2F1 mice. Transplantation of TNF-a~~ mouse spleen cells was
associated with enhanced anti-host CTL generation and augmented deletion of host cells.
Moreover, mice receiving TNF-cc~~ cells showed significantly higher levels of serum IFN-y, which
was mainly produced by donor CD8* T cells. We also demonstrated that TNF-o deficiency in donor
spleen cells caused a marked elevation of TNF-o. producing capacity by LPS-stimulated host
macrophages. Such enhanced GVHR was completely prevented by using TNF-o™IFN-y*- splenic
cells. Our findings demonstrate, for the first time, that donor-derived TNF-t suppress GVHR by
inhibiting IFN-y»-dependent donor type-1 immunity which is essential for host TNF-o elevation.

Introduction

Allogeneic hematopoietic stem cell transplantation (HST) has
been an effective treatment of hematclogic malignancies and
genetic disorders (1). The success rate of HST has steadily
increased in recent years, but graft versus host disease
(GVHD) is still & major cause of post-transplantation mortality
{2.3). The generation of a strong graft versus host reaction
(GVHR) is induced by activated donor T cells which recognize
major andfor minor histocompatibility Ag mismatches.
Cytokine dysregulation and organ damage due to pre-trans-
plantation conditioning regimens are also involved in the
development of GVHR {(4-7).

Turmor necrosis factor o (TNF-at) has been implicated in the
pathogenesis of GVHD. TNF-¢ induces a direct toxicity to host
tissues and enhances the expression of MHC (8} and

adhesion molecules (9). Moreover TNF-ao may act as an
autocrine T cell growth factor (10) and thus augment donor
T cell clona! expansion. Anti-TNF-&¢ mAb can ameliorate the
severity of GVHD {11-13). In a recent study, it was shown that
TNF-¢tR p55 of the recipient controls easly GYHD (14) and that
TNF-o.R p55 of the donor plays a critical role in allo-reactive
T cell response (15). Therefore, recipient-derived TNF-a
contributes to the activation of allo-reactive T cells and
augments the severity of acute GVHD. In contrast, the role of
donor-derived TNF-at in GVHD remains unclear.

In the present study, we have examined the role of donor-
derived TNF-a in allo-reactive T cell responses in vivo using
well-characterized mouse models of GVHD. We demonstrate
that mice transferred with TNF-a-deficient mouse spleen cells
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exhibit augmented general parameters associated with
GVHR, including early elevation of donor-derived IFN-y,
generation of anti-host CTL and producing host-derived
TNF-a. These data document an unrecognized role of
donor-derived TNF-a, which might suppress early GVHR
through the control of IFN-y-dependent doner type-1 immunity.

Methods

Mice

C57BL/6J (BB} (H-2°) and B x DBA/2 F1 (BBD2F 1) mice were
obtaired from Charles River Japan (Yokohama, Japan),
TNF-a+ C57BL/6 mice were provided by Dr K. Sekikawa
(Department of Immunology, National Institute of Animal
Health, Tsukuba, Japan} and IFN-y* C57BL/6 mice were
provided by Dr Y. Iwakura (institute of Medical Science,
University of Tokyo, Tokyo, Japan}. 6-10 week-old mice were
used for all experiments.

induction of GVHD

Single-cell suspensions from the spleens of B6 and B6DZF1
mice were prepared in RPMI 1840 medium (Gibco-BRL,
Grand Island, NY). The cells were suspended in PBS. Acute
GVHD was induced by injecting B6 spleen cells (5 X 107) into
BED2F1 mice. Age-matched BBD2F1 mice transferred with
syngeneic spleen cells (5 x 107) were used as control mice.

Flow cytometric analysis

The phenotypic characterization of spleen cells by flow
cytometry was casried out using a FACSCalibur instrument
and CELLQuest software (Becton Dickinson, San Jose, CA).
mAbs used in these experiments [phyccerythrin (PE)-conju-
gated anti-CD4 mAb, PE-conjugated anti-CD8 mAb, PE-
conjugated anti-B220 mAb and fluorescein iscthocyanate
{(FITC})-conjugated H-2K4 mAb] were purchased from
PharMingen (San Diego, CA).

Intracellular cytokine expression

For the detection of cytoplasmic cytokine expression, cells
stimulated with immobilized anti-CD3 mAb for 6 h in the
presence of Brefeldin A were first stained with PerCP-conju-
gated anti-CD4 mAb or cychrome-conjugated anti-CD8 mAb
and FITC-conjugated anti-H-2K9 mAb, fixed with 4% para-
formaldehyde and treated with permeabilizing solution (50 mM
NaCl, 5 mM EDTA, 0.02% NaNz and 0.5% Triton X-100, pH
7.5). The fixed cells were then stained with PE-conjugated
anti-IFN-y mAb for 45 min on ice. The percentage of cells
expressing cytoplasmic IFN-y was determined by flow
cytometry (FACSCalibur). PerCP-conjugated anti-CD4 mAb,
cytochrome-conjugated anti-CD8 mAb and PE-conjugated
anti-IFN-y mAb were purchased from PharMingen.

Cytotoxicity assay

The cytotoxicity mediated by CTL was measured by 4 h 51Cr-
release assay as described previously (16). H-2K9 specific
cytotoxicity was determined using DBA/2-derived P815
mastcytoma cells {H-2K9) as target cells. As control, C57BL/6-
derived MBL-2 T lymphocyte cells (H-2K°} were used. The

percentage cytotoxicity was calculated as described previ-
ously {18).

Generation of CTL in mixed lymphocyte cufture (MLC)

Spleen cells (5 x 108 cells) from GVHD mice and control mice
were co-cultured with BDF1 mouse spleen cells (2.5 X 108
cells) which were inactivated by pretreatment with mitomyzin
C {60 pg/ml; Kyowa Hakko Kogyo, Tokyo, Japan). Cells were
co-cultured for 4 days in flat-bottomed 12-well plates. After
culture, cells were harvested and their cytotoxicity was
measured,

Measurement of cytokine levels by ELISA

IFN-y levels in serum or culture supematants were evaluated
with commercial ELISA kit (Amersham International,
Buckingharmshire, UK} according to the manufacturer's
instructions.

Measurement of serum TNF-a levels induced by LPS
injection

LPS-induced TNF-o production was assayed in mice trans-
ferred with spleen cells from wild-type or TNF-o-- mousa
spleen cells. As a control, BED2F1 mice transferred with
syngeneic mouse spleen cells were used, Ten days after
GVHR induction, the mice were treated with or without iv.
injection of LPS {10 pg) and their serum samples were
harvested 80 min after LPS injection tc determine serum
TNF-a levels by ELISA (Amersham).

Statistical analysis

Difference between the means of experimental groups wers
analyzed using the Student's rtest. Differences were con-
sidered significant where P < 0.05,

Results

TNF-a deficiency in donor cells accelerates GVHR in mice

BED2F1 (H-2°9) mice were treated with i.v. injection of wild-
type or TNF-g+ C57BL/6 (H-2°) spleen cells. As a control,
mice were injected with syngeneic B6D2F1 splean cells. After
14 days, mice were sacrificed to examine the frequency of
host cell deletion, as detected with anti-H-29 mAbs and flow
cytometry. As shown in Fig. 1, in mice transferred with wild-
type C57BL/6 mouse spleen cells the percentage of host
B cells decreased to 28.7%. Dsletion of host B cells was
further enhanced (84.3%) when TNF-o~ mouse spleen cells
wera transferraed into B6D2F1 mice. Host cell deletion was also
demonstrated among CD4* and CD8* T cells {data not
shown}. Consistenit with these findings, spleen cells obtained
from BED2F1 mice treated with TNF-o splenocytes exhibited
higher levels of anti-host CTL activity compared with spleen
cells from mice transferred with control (BED2F1) or wild-type
C57BL/6 mouse splenocytes {Fig. 2).

TNF-a deficiency in donor cells accelerates the elevation of
serum IFN-y levels intiated by donor type-1 immunity during
GVHD

As previously described {17,18), type-1 cytokines such as
IL-12 and IFN-y play a critical rofe in acute GVHD induction.
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Fig. 1. Acceleration of host B cell deletion by GVYH response in
mice ftransferred with TNF-o- spleen cells. GVH response
was induced in BDF1 mice by celt transfer with (A) syngeneic BDF
(H-2°9) spleen cells, (B) wild-type C57BL/6 (H-2) splean cells or
(C) TNF-a~- C57BL/6 (H-2°) spleen cells as described in Methods
(n = 6). Fourteen days after GVH induction, host B cell deletion
by GVHD response was determined by flow cytometry after
staining with PE-labeled anti-B220 mAb and FITC-labeled anti-H-2Kd
mAb. The numbers represent the percentage of cells in spleen
cells, The total cell numbers of B cells in spleen is indicated in
parentheses. Similar results were obtained in three different
experiments.
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Therefore, we tested serum IFN-y levels in recipient animals.
Serum IFN-y levels in recipient BED2F1 mice became detect-
able at 4 days and reached a plateau at 6 days after transfer of
wild-type or TNF-~ C57BL/6 spleen cells. The kinetics of
serum [FN-y production during GVHD is illustrated in Fig. 3(A).
BED2F1 mice transferred with TNF-ae/- spleen cells showed
significantly higher levels of IFN-y compared with mice
transferred with wild-type C57BL/6 spleen cells. Of note,
recipient mice treated with IFN-y* C57BL/6 spleen cells did
not show any increase in serum IFN-y. This finding indicated
that elevation of serum [FN-y levels in recipient mice is
dependent on the capacity of donor cells to produce IFN-y.

TNF-a decifiency in donor cells enhances TNF-a production
by host cells during GVHD :

It has been reported that the capacity of host cells to produce
TNF-o increases during the development of GVHR (19).
Therefore, it was of great interest to determine how TNF-c
deficiency in donor cells influences TNF-a production by host
cells during GVHR. As shown in Fig. 3(C} and (D}, we detacted
an increase of serum TNF-o levels upon injection of
popolysaccaride (LPS) in B6D2F1 mice 10 days after
treatment with wild-type C57BL/6 splenocytes but not
BED2F1 splenccytes. Recipient mice transferred with TNF-
o~ spleen cells, but not IFN-y* spleen cells, showed robust
elevation of TNF-a levels in response to LPS injection. Thus,
these results demonstrate that defective TNF-a production in
donor cells unexpectedly increases host TNF-o production.
This phenomenon may centribute to the accelerated deletion
of host cells observed in recipient animals that were treated
with TNF-a-+ splenocytes,

Suppression of GVHR by donor-derived TNF-a is
associated with reduced donor type-1 immunity

As shown in Fig. 3(B} and {D), donor-derived IFN-yappears to
be critical for initiation of early GVHR. To understand the
precise role of donor-derived IFN-y for enhanced IFN-y and
TNF-a. production in BBD2F 1 mice treated with TNF-a/- mouse
spieen cells, we evaluated TNF-a*IFN-y* splenocyte for
induction of GVHD in BED2F1 mice. Consistent with previous
results (Fig. 3}, we observed a marked elevation of both serum

[FN-y and TNF-o. in recipient mice transferred with TNF-g-*~
spleen cells. However, no significant IFN-y and TNF-o
production was observed when animals received splenocytes
from TNF-o-IFN-y#- mice {Fig. 4). These results suggest that
defective TNF-a production by donor cells accelerates GVHR
by activating donor IFN-ydependent type-1 immunity. To
determine which subset of donor T cells is responsible for
activating type 1 immunity, we examined the IFN-y producing
capacity of CD4* and CD8* T cells from both donor {H-20+,
H-2¢-} and recipient (H-29*) mice by intracellular staining
(Fig. 5). In keeping with the results of Fig. 3, B6D2F1 mice
treated with TNF-or~ spleen cells contained a higher fre-
quency of IFN-y-producing donor-derived CD8+ and CD4+ T
cells. Donor-derived CD8* Te1 cells were particularly acti-
vated to produce IFN-y (Fig. §}. In addition to the activation of
donor Th1 and Te1 cells, host Th1 and Tc1 cells were also
activated to produce IFN-y. Howaver, when TNF-o-IFN-y*-
spleen cells were used as donor cells, no significant increase
of recipient-derived IFN-y producing Th1 and Te1 cells were
induced (Fig. 5).

We further demonstrated that anti-host CTL generation,
which is essential for the deletion of host cells, is greatly
reduced in BBD2F1 mice transferred with TNF-aIFN-y*
spleen cells, as compared with mice transferred with
TNF-o7- spleen cells {Fig. 6). In this experiment, CTL were
induced from spleen cells of B6D2F1 mice transferred with
donor cells by resensitized with BED2F1 spleen cells because
freshly isolated spleen cells from recipient mice 7 days after
donor cell transfer exhibited low levels of cytotoxicity.

Thus, we concluded that in the absence of donor-derived
TNF-o during the early phase of GVHR, donor-type-1 immun-
ity, especially Tc1 actwity, is activated in 2 manner that
depends on IFN-y production by donor cells, Subseguently,
enhanced host type-1 immunity may induce TNF-g, production
by host macrophages, which in turn augments GVHR.

Discussion

In the present paper, we clarify the precise role of donor-
derived TNF-g in acute GVHD using donor spleen cells from
TNF-a7#-mice. We find that the defects in donor-derived TNF-o.
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Fig. 6. Requirement of IFN-y for enhanced generation of anti-host
CTL responses in mice treated with allogeneic TNF-a* spleen cells.
BOF1 recipient mice were transferred with syngeneic BDF1, wild-
type C57BL/6, TNF-or- C57BL/6 or TNFor-/IFN-y* C57BL/6 spleen
cells. After 7 days, spleen cells obtained from all mice were co-
cultured with MMC-vreated BDF1 spleen cells and their cytotoxicity
against P815 mastocytoma was determined by 4 h 5Cr-release
assay. The data represent means = SE of three mice. Similar results
were obtained in three different experiments.

accelerate GVHR, including host IFN-yand TNF-a production.
These data suggest that donor-derived TNF-o may
suppress GVHR via controlling donor [FN-y-depandent type |
immunity.

The critical role of proinflammatory cytokines, parficularly
TNF-a in acute GVHD, has been described in many experi-
menta! models and clinical experiments (20-22). The relation-
ship between pre-transplant conditioning regimens, TNF-o
production (22-25} and acute GVHD is particularly well-
characterized. Chemotherapy andfor tctal body irradiation
damages host tissues including the skin, intestine and liver.
Subsequently, the daraged tissues themselves produce
TNF-ae and LPS, which leak into the systemic circulation and
stimulate residual macrophages in the recipient to produce

TNF-a.. Using TNF-q receptor-deficient mice, it has been
demonstrated that host-derived TNF-a plays a critical role in
the early activation of allo-reactive doner T cells and increases
morbidity and mortality of acute GVHD. In mouse models, anti-
TNF-o. mAb treatment of lethally irradiated recipients early in
bone marrow transplantation reduces mortality and amelior-
ates pathology in skin and gut lesions. Thus, hest-derived
TNF-¢. has been considered to play a critical role in acute
GVHD. In our present study we observed paradoxical effects
indicating that donor-derived TNF-a suppresses early acti-
vation of allo-reactive donor T cells, We found that recipients
transterred with TNF-o7= spleen cells exhibit higher pro-
duction of IFN-y by donor Tc1 and Thi cells, followed by
enhanced IFN-y secretion from residual recipient CD4+ and
CD8* T cells. Activated donor Te1 and Thi cells induce host
tissue damage by activating host TNF-a-producing macro-
phages. Thus, TNF-a deficiency in doner cells accelerates the
induction of anti-host CTL activity and host TNF-a-producing
capacity, which induces severe GVHR. The augmented IFN-y
production is nct derived from the different immunological
condition between TNF-o-deficient and wild-type mice.
TNF-a7 mice possess the same percentage of immunoregu-
latory cells (CD4* Th, CD8* Tc and B cells) and exhibit tha
same levels of T cell respenses induced by stimulation with
anti-CD3 mAb or atleantigen (data not shown).

To explain our finding, several possible mechanisms are
considered as follows: (1) TNF-¢~- mice produce higher levels
of IFN-y because they produce less amounts of soluble TNF-¢
receptor {TNF-cR), which is a blockade for TNF-a, in
comparison with wild-type mice; and (2) TNF-¢. produced by
activated T cells or APC has a capability of suppressing
hyperactivity of T cells. In terms of soluble TNF-o R produc-
tion, it was demonstrated TNF-a- mice produced the same
levels of soluble TNF- B2 as wild-type mice when they were
injected with LPS (data not shown). This result is consistent
with previous report that demonstrated the shedding of TNF-a
R was induced independently on TNF-a levels (26). Therefore,
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it appears to be unlikely that augmented GVHD is derived from
the defect of TNF-a R production in TNF-ar* mice. TNF-a-
mice exhibit the same levels of T cell responses to anti-CD3
mAb and alloantigen as wild-type mice {data not shown). This
observation suggests that TNF-a produced in wild-type mice
does not suppress naive T-cell response to antigen. However,
recently, we found that TNF-x¥ mice exhibited greatly
enhanced T-cell responses in secondary allogeneic re-
sponses compared with wild-type mice, if pre-immunized
mouse spleen cells were used as responder cells of MLC
{data not shown). These findings strongly suggest that TNF-g
may act as a negative feedback factor for T-cell hyperactivity
as IL-27 does (27).

As classical risk factors of acute GVHD, HLA mismatches
between donor and recipient are well-documented (28,29),
Many studies have examined risk factors by studying the
production of inflammatory cytokines. Holler et al. (30) have
demonstrated that host-related secretion of TNF-ar during pre-
transplant conditioning correlates with subsequent GVHD and
mertality after transplantation. Analysis of clinical risk factors
for enhanced TNF-a response suggested a role for endogen-
ous endotoxin and immunogenstic factors of eytokine acti-
vation. In human, the gene encoding TNF-a is located within
the MHC locus on chremosome 6 (31), and the inducibility of
TNF-a has been associated with certain HLA-class |l
genotypes (32). A close association between cylokine gene
polymorphisms and cytokine inducitility has also been iden-
tified. There is a single base polymorphism in the TNF-c gene
at position -308(G/A} (33). The rare aliele TNF2(A} is closely
associated with HLA A1, B§ and DR3 (34). When allelic
distribution of this polymorphism was analyzed in 72 BMT
recipients, a clear association of the TNF2(A) allele with
enhanced in vitro TNF-o production in response to LPS and
subsequent development of acute GVHD was noted (35).
Another study has reported that the d3 homozygous allele of
the TNF-o. microsatellite is preferentially associated with grade
IV GVHD (36). While these data indicate a role for TNF-c
production by the recipient in predicting the development of
GVHD, the relationship between donor TNF-a production and
GVHD severity has never been elucidated. In a mouse mocel,
Cocke et al (37) have reported that LPS responsiveness of
donor accessory cells correlates with GVHD severity. These
investigators suggested that TNF-a production by LPS-stimu-
lated doner cells may be a risk factor for the development of
donor T cell responses to host antigens. In contrast, our data
indicate that donor-derived TNF-¢t has a suppressive effect on
the initiation of GVHR. The discrepancy in these results may be
due to different cellular sources for TNF-a production. Cooke
et al. (37) investigated TNF-a producing capacity of LPS-
reactive TLR4-bearing APC populations using C3H/HeJ TLR4-
deficient mice, while we assessed TNF-a producing ability of
donror T cel's in addition to APC. We found that accelerated
GVHR induced by transfer with TNF-o™™ spleen cells was
abrogated when either CD4* T cells or CD8* T cells were
eliminated from donor spleen cells (data not shown). This
result indicates a critical role of T cells in the initiation of GVHR,
which might be triggered independently of donor APC
populations. Our finding that (i) donor TNF-eIFN-v* cells
do not accelerate GVHD (Figs 4-8) and f(ii} donor-derived
CDB8* T cells are major IFN-y-producing T cells during the early

stage of GVHR (Fig. 6), strongly suggests that memory-type
IFN-y producing CD8* T cells play a critical role in GVHR
induction. We are currently investigating the detailed cellular
mechanisms by which donor-derived TNF-a suppressed
donor type-1 immunity.

Donor lymphocyte infusion (DLI} has been frequently
utilized for treatment of recurrent hematologic malignancies
after allo-HST (38). This procedure re-induces complete
remission in many patients, but the risk of lethal GVHD is still
hard to predict. Because DL! is performed after primary allo-
HST, TNF-a production by damaged tissues in the host after
conditioning therapy is net as high as compared with donor-
derived TNF-a. At present, it may be of great importance to
investigate whether severity of GVHD can be predicted by
examining donor TNF-a producing capacity, especially by T
cells. We are currently investigating this issue.

In conclusion, we have shown, for the first time, that TNF-q-
donor cells accelerate GVHR early after allogeneic transplan-
tation. Therefore, donor-derived TNF-a may suppress GVHD
morbidity. These findings provide novel approaches to detect
patients undergoing allo-HST with increased risk for GVHD.
Further studies wil! be required to determine the role of donor-
derived TNF-a in & clinical transplantation setting.
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Summary:

We mobilized peripheral blood stem cells (PBSC)
following CHOP plus rituximab (CHOP-R) therapy,
and compared with the findings following CHOP therapy
without rituximab. All patients were given G-CSF starting
from day 11 after CHOP therapy. Patients in the CHOP-
R group (n=38) were given rituximab on day I12. Target
CD347 cells number was collected in a single leukaphe-
resis on day 14, from all the eight patients in the CHOP-R
group. PBSC mobilization kinetics, CD34™ cells yield
and colony-forming ability in the graft collection, toxicity
during mobilization, and engraftment after transplanta-
tion of CHOP-R group were not significantly different
from those in the CHOP group (n=8). In all patients
given CHOP-R therapy, CD20™ cells and immunoglobu-
lin heavy chain (IgH) rearrangement in the graft
collection were undetectable by flow-cytometric analysis
and Southern blot analysis, respectively, but with PCR
analysis two of eight grafts were positive for IgH
rearrangement. While further studies are needed to
evaluate the efficacy of purging and the outcome of
patients undergoing autologous transplantation, CHOP-R
therapy can be safely and effectively used in the
mobilization phase of PBSC collection, without excess
clinical toxicity or deleterious effect on PBSC mobiliza-
tion kinetics or engraftment time,
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High-dose chemotherapy followed by autolegous periphe-
ral blood stemn cell transplantation (APBSCT) has been
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widely used for patients with non-Hodgkin’s lymphoma
(NHL).'* One major obstacle to APBSCT is peripheral
blood (PB) cell involvement with Jlymphoma cells, Several
studies have shown that the reduction of tumor burden
in vivo and purging of autografts reduce the risk of
contamination by lymphoma cells of the graft, and may
improve outocome.™* Some strategies to eliminate con-
taminating lymphoma cells in the graft are being tested,
including in virre purging of grafts with menoclonal
antibodies and complement,® CD34* cell selection,® and
i vivo purging of PB.

Rituximab, a highly specific mouse/human chimeric anti-
CD20 antibody (Chugaj Pharmaceutical Co. Ltd, Tokyo,
Japan), has been seen to cause a rapid depletion of
PB B-cells.” Regimens, such as high-dose cytosine
arabinoside,®® HAM (high-dose cytosine arabinoside/
mitoxantrone),’® and DexaBEAM (dexamethasone/
BCNU/etoposide/cytosine arabinoside/melphalan),'t have
been used in conjunction with rituximab during mobiliza-
tion procedures, to obtain tumor-free progenitor cells.
Although sufficient numbers of PBSC could be obtained
using these regimens, the timing of leukapheresis differed
with each case. because decisions were based on measure-
ment of CD34* cells or platelet recovery in the PB.

For patients with NHL, CHOP therapy remains the best
available combination chemotherapy.’”> We found no
published information addressing the kinetics of PBSC
and graft acquisition following therapy with CHOP and
rituximab. 2nd we wish to report our experience here. The
optimum timing of leukapheresis and effects of rituximab
on PBSC mobilization, purging, engraftment, and toxicity
are discussed.

Patients and methods

Patients

A total of 16 Japanese patients with newly diagnosed B-celt
NHL were enrolled in this study between November 2000
and February 2003. The eligibility criteria were as follows:
age between 15 and 65 years; a confirmed histologic
diagnosis of CD20-positive B-cell NHL ({excluding Bur-
kitt’s lymphoma and lymphoblastic lymphoma); prognostic
index, constructed by Coiffier er «/,'® of intermediate or
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high risk, as defined by having at least one of the four
following adverse features: (1) elevated serum lactic
dehydrogenase (LDH) level, (2) bulky mass >10cm, (3)
advanced stage III or IV according to the Ann Arbor
staging classification, (4) two or more extranedal sites: no
severe cardiopulmonary, renal, and hepatic dysfunction.
Before November 2001, PBSC were mobilized using the
CHOP combined with G-CSF without rituximab (CHOP
group, n=E8). After November 2001, when rituximab
became available in Japan, PBSC were mobilized using
CHOP plus rituximab regimen combined with G-CSF
{CHOP-R group, rn =8). Thus CHOP and CHOP-R groups
were sequentially recruited, Characteristics of these two
groups are listed in Table 1.

Premobilization phase

All patients were given three cycies of biweekly CHOP
therapy with G-CSF support as induction chemotherapy
prior to mobilization (Table 1). CHOP therapy consisted of
cyclophosphamide (CY) 750mg/m? i.v. on day 1, doxo-
rubicin 50mg/m?i.v. on day 1, vincristine 1.4 mg/m? i.v. on
day 1 (maximal dose, 2mg), and prednisolone 50 mg/m?
orally from day | to day 5. Patients were given G-CSF
(Lenograstim, Chugai Pharmaceutical Co., Tokye, Japan)
at a dose from 1 to 5pug/kg/day, subcutaneously, starting
from the day when the total leukocyte count was
<3.0x10%!. Thereafter, it was withdrawn when the
leukocyte count exceeded 10 x 10°/1, and the next cycle of
CHOP therapy was immediately started.’® No patients,
including the patients in the CHOP-R group, were given
rituximab in the premobilization phase.

Table1  Patient characteristics
CHOP CHOP-R

No. of patients 8 8
Sex {male{female)

Male 4 1

Female 4 7
Age

Median 53 54

Range 3164 41-60
Hisrology

Follicular 1 4

Mantle cell 1 0

Lymphoplasmacytic 0 1

Diffuse large 6 3
Clinical siage

1 1 0

11 1 0

141 1 1

v 5 7
BO"G marrow 1'nvaf\'emem

Yes 1 6

No 7 2
Disease starus at PBSC harvest

CR 4 3

Not CR L] 5

Bone Marrow Transplantation

Mobilization and collection of PBSC

One or two leukaphereses were performed after the fourth
cycle of biweekly CHOP therapy. CY dose was increased to
1000 mg/m®. Mobilization and collection of PBSC were
scheduled as follows: The first day of leukapheresis after
the start of CHOP therapy was fixed on day 14. Until day
10, patients were given G-CSF (lenograstim) in a dose of
1 ug/kg/day, subcutaneously, when the total leukocyte
count was <3.0 x 10°/l. All patients were given G-CSF in
a dose of 5-10 ug/kg/day, subcuianeously, starting from
day 11 until the day of the last apheresis.”® All the eight
patients in the CHOP-R group were given rituximab
375mg/m? 2 days before stem cell coliection (day 12 of
the CHOP regimen). PBSC collections were made on day
14, using either Cobe Spectra (Lakewood, CO, USA) or
CS3000 (Baxter-Fenwal Division, Deerfield, 1L, USA). A
minimum threshold requirement of CD34* cells was
1.5 x 10° cells/kg.

In vitro assays

PB samples for mobilization kinetics analysis of CD34~
cells were obtained from day 12 to the end of PBSC
apheresis. Flow-cytometric (FCM) analysis of CD34* cells
and colony-forming units-granulocyte/macrophage (CFU-
GM) and burst-forming unit-erythrocyte (BFU-E) colony
assay allowed for estimation of the number of progenitor
cells in the collection. Colony assay was done using serum
containing fibrin clots,’® with 2U/ml of recombinant
human erythropoietin, 50 U/m] of recombinant interleukin
3, 50ng/ml of recombinant GM-CSF, and 50ng/ml of
recombinant G-CSF, in flat-bottomed, 24-well-tissue cul-
ture plates in a 5% CO0,/95% atmosphere incubator at
37°C for 14 days. The clots were stained with benzidine-
hematoxylin, and for identification the colonies were
enumerated using the criteria of Clarke and Housman."”

Toxicity during PBSC mobilization

All adverse reactions were recorded and graded according
to National Cancer Institute criteria.

Transplantation procedure

Pre-transplant conditioning regimens for all patients
consisted of ranimustine (MCNU) 200 mg/m® once daily
i.v.. on days ~8 and -3 (total dose 400 mg/m?), carboplatin
(CBDCA) 300mg/m? once daily i.v, on days —7 to —4
(total dose 1200 mg/m?), etoposide (VP-16) 500 mg;m? once
daily i.v. on days —6 to —4 (total dose 1500 mg/m?). and
CY 50mg/kg once daily i.v. on days =3 and —2 (total dose
100 mg/kg) (MCVC regimen).'® All patients were given G-
CSF (Spgikg/day subcutaneously) from day +1 undl
engraftment. All patients in the CHOP-R group were given
rituximab 375 mg/m?® weekly for 3 weeks after engraftment.

Evaluation of purging

In the CHOP-R group, the numbers of CD20~ cells in PB
were compared before and after rituximab administration,
that is, day 12 and day 14 of the fourth cycle of CHOP
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