Fig. 3a,b. von Willebrand factor
(VWF) multimeric analysis in
Iwo representative patients and
its densitometne analysis. [,
patient 1 before PCI in acute
phase of AMI: 2, after PCI of
patient 1. 3, chronic phase of
patients 1; 4 and &, normal
plasma; 5, before PC1 of patient
2: 6, after PCI of panem 2; 7.
chronic phase of patient 2. » von
Willebrand factor multimeric
annlysis was performed using
1% agarose gel electrophoresis
b Densitometric analyses of
unusually large VWF multimer
(UL-VWFM) using NIH image J
(developed by the National
Institute of Health, http://rsh,
Info.nih.govinith-image/) -
VWF multimer was detected in
samples obtained from the
femoral vein before and after
PCI in all AMI patients tested,
though it was not detected in
samples collected dunng the
chromic phase
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controls (3.3 = 1.4), though there was no significant differ-
ence in the ratio among sampling points (Fig. 2¢). In the
chronic phase, those ratios decreased to levels similar to
those seen in age-matched controls (FV, 3.2 + 1.9: Ao, 3.0
% 1.6; Cs, 3.0 £ 1.5) (Fig. 2¢).

Detection of UL-VWFM

We analyzed UL-VWFM in 6 out of 26 AMI patients. UL-
VWFM was detected in samples obtained from the FV
before and after PCI in all patients (Fig 3a). It was not
detected in samples collected during the chronic phase
(Fig. 3a). To more easily quantify UL-VWFM levels, we
performed densitometric analysis (Fig. 3b).

Circadian variation in plasma VWF:Ag and
ADAMTSI13 activity

Von Willebrand factor antigen was significantly higher in
the morning (100% # 42%) than in the evening (89% +
41%) (Fig. 4a); however, for ADAMTS13 activity there was
no significant difference between the morning (55% +13%)
and the eveming (61% % 18%) (Fig. 4b). The ratio of
VWF Ag to ADAMTSI3 activity was significantly higher
at 09:30 (1.9 = 0,8) than at 20:00 (1.5 + 0.8) (P < 0.05, Fig.
4c).
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UL-VWFM area (pixel)

. {7 4, 162
P _ r- 3, 714
3 VYN 1, 239
N I 569
5 VR 4, 872
s /T 7, 555
7 B 699
8 ARVATAVAVA'S 544
Discussion

In the present study we simultaneously measured the activ-
ity of ADAMTSI13 and the levels of its substrates (VWF:Ag
and UL-VWFM) in plasma samples obtained from the FV,
Ao, and Cs during the acute and chronic phases of AML
We demonstrate for the first time that during the acute
phase, the ratio of VWF:Ag to ADAMTSI3 activity in
AMI panents was significantly higher at all three sampling
sites than in the peripheral blood of age-matched controls
and that during the chronic phase of AMI, these ratios had
returned to levels similar to those seen in age-matched con-
trols. Moreover, UL-VWFM was detected dunng the acute
phase but not in the chronic phase of AMI, in agreement
with recent reports by Sakai et al." and Goto et al.” In
agreement with our findings, Kaikita et al."” also reported
that the ratio of VWF :Ag to ADAMTS13 activity in periph-
eral venous plasma is higher in AMI patients than in those
with stable exertional angina and chest pain svndrome.
During the last decade, evidence has accumulated that
release of VWF:Ag from endothelial cells and platelets is
a key early step toward occlusive thrombus formation in the
coronary circulation. With that in mind, before the begin-
ning of the present study we hypothesized that VWF:Ag
would be much higher in the Cs than in the Ao or FV, and
that ADAMTS13 activity might be lower in the Cs than in
the FV or Ao. However, our study showed that there was
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160 ;_:g. 4a—¢. Comparison with von Willebrand factor antigen (VWF: Ag),
o ADAMTS13, and the ratio of VWF:Ag to ADAMTSI3 activity
140 [ between in the morning and in the evening. 8 VWF: Ag was signifi-
cantly higher in the morning (100% = 42%) than in the evening (89%
120 =41%). b ADAMTSI3 activity was no significant difference between
- in the morming (55% = 13%) and the eveming (61% = 18%). ¢ The ratio
b | ol VWF Ag lo ADAMTS13 activity was sigmificantly higher at 09:30
‘; 100 than at 20:00. Shown are mean £ SD. *F < 0.05 vs 20:00
-«
w“ 80r
- "
z 60t no significant difference in the plasma level of VWF:Ag,
ADAMTS activity,and the ratioof VWF :Ag to ADAMTS13
40 F activity among three sampling points, clearly indicating that
AMI is not a local but rather a systemic prothrombotic
20 F condition. In other words, the present findings support the
recent concept that occlusive coronary thrombi develop in
0 vulnerable blood (prone to thrombosis) or in vulnerable
a 9:30 20:00 pﬂii{.’ﬂl!-.“'h Further studies are necessary to clarify whether
_ increased VWF may lead to the formation of coronary
80 thrombi or whether coronary thrombi itself may cause ele-
20 b vation of VWF levels in AMI.
- -|- It was previously reported that AMI frequently occurs
s 60 F in the morning, between 06:00 and 12:00, a vulnerable
= period for cardiovascular events'” and also frequently
= s0 b occurs after physical exeraise, especially in the sun dunng
E summer. In that regard, we observed that the ratio of
- 40 F VWF:Ag to ADAMTS13 activity was higher in the morning
7 than in the evening. Acute myocardial infarction is also
E 30 F more frequently observed in aged men than in young men.
- We previously reported that plasma ADAMTSI13 activity
3 20 F declines and plasma VWF :Ag levels increase with increas-
ing age, and that detectable levels of UL-VWFM were cir-
2 ag
10 F culating in some older people.” Here, we confirmed that
plasma VWF:Ag is 50% higher while plasma ADAMTS13

v activity is nearly 50% lower in healthy age-matched control
9:30 20:00 subjects as compared to young healthy subjects, resulting in
a three-fold higher ratio of VWF:Ag to ADAMTS13 activ-
ity in the former than in the latter. Interestingly, we have
3 also observed that physical exercise increases the ratio of
VWF:Ag to ADAMTSI13 activity in healthy men."” Thus
the simultaneous measurement of ADAMTS13 activity and
25 its substrate, VWF:Ag level, 1s useful in understanding the
pathology of thrombotic diseases.

Although it is not possible to identify the precise site

S13 activity &
*

2t ol production of VWF and ADAMISI3, our lindings
(together with those of others™) suggest that, during the
fisil acute phase of AMI, production of VWF is increased not

only in coronary arterial endothelial cells and/or locally
activated platelets, but also in systemie vascular beds and/
| I 3 or circulating endothelial cells. ADAMTSI13 is mainly pro-
duced in hepatic stellate cells,” and is also synthesized in
both human endothelial cells” and platelets.™ suggesting

s ! : : = i

™ that this enzyme is produced in the systemic circulation as
well as in the liver,

0 ) In summary, we observed increased plasma VWF:Ag

? Ratio of VWF:Ag to ADAMT

9:30 20;00 levels and relatively decreased ADAMTSI3 activity in
both systemic and coronary circulation during the acute
phase of AMI, suggesting that an imbalance between the
enzyme and its substrate may play an important predictive
role in the formation of occlusive thrombi in a coronary



artery, ultimately leading to AML Further analysis of the

production—consumption

relation  between VWF  and

ADAMTSI3 in the coronary and systemic circulations will
be necessary 1o understand the pathophysiological signifi-
cance of VWF and ADAMTSI13 in the formation of occlu-
sive thrombi.
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Prediction of corticosteroid responsiveness based on fibroblast-specific
protein 1 (FSP1) in patients with IgA nephropathy
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Kimihiko Nakatani, Masayuki Iwano and Yoshihiko Saito
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Abstract

Background. Corticosteroids are frequently used to treat
patients with active lgA nephropathy (IgAN); however,
there have been few reports desenbing factors that are
predictive of the response 10 corticosteroid treatment. The
purpose of this study is to determine the extent to which
fibroblast-specific protein | -positive (FSP17) cells are pre-
dictive of corticosteroid responsiveness in patients with
IgAN.

Methods. Fifty biopsy-proven [gAN patients who received
corticosteroid therapy were enrolled and followed for 7.1 +
3.0 years. FSP1* cells were identified using an anti-FSP1
antibody.

Results, Twelve patients showed progression of renal
impairment or no reduction of urinary protein (non-
responders) after steroid therapy. In the remaining 38 pa-
tients, renal function was stable during follow-up, and their
urinary protein declined to < 1.0 g/day (responders). Serum
creatinine, estimated GFR, severity of mesangial prolifer-
ation, percent glomerulosclerosis/total glomeruli, extent of
interstitial damage and FSP1* cell number were all signif-
wcantly higher in non-responders than in responders. Cox
regression analysis using two covariates with every possible
combination of factors indicated that FSP1™ cell number
was the strongest and most significant predictor of corti-
costeroid responsiveness, When IgAN patients had >32.6
FSP1~ cells/HPF at diagnosis, they were the more likely to
show steroid resistance.,

Conclusion. FSP1™ cell number can serve as an excellent
predictor of corticosteroid responsiveness in patients with
[gAN.

Keywords: corticosteroid, FSP1, IgA nephropathy;
responsivencss
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Introduction

IgA nephropathy (1gAN) is the most commonly occurring
glomerulopathy worldwide [1]. IgAN was once thought to
be relatively benign and to have a reasonably good long-
term prognosis, However, recent studies indicate that 5-
25% of IgAN patients progress 10 end-stage renal disease
within 10 years [1-3] and 25-50% do so within 20 years
[2]. Prognostic factors for the future development of renal
failure include the presence of persistent and severe pro-
teinuria, elevated serum creatinine (Ser) at diagnosis and
the presence of hypertension [4-10]. Clinically, protein-
uria is the most powerful predictor of poor renal survival,
and reduction of proteinuria correlates with improved renal
outcome [1-10]. Histologically, renal damage (e.g., cres-
cent formation or severe tubulointerstitial involvement) is
the most relable predictor of an unfavourable renal prog-
nosis [4,6,8,9,11], and two morphometric studies suggest
that the extent of tubulointerstitial fibrosis correlates better
with reduced renal lunction than glomerular histology does
[12,13].

Recent studics have shown that corticosteroids are an
effective treatment for IgAN patients exhibiting a mild re-
duction of renal function, moderate proteinuria and active
histological findings [14-17]; however, there are few pub-
lished reports describing factors predictive of the response
to steroid treatment. According to the Japanese IgAN Treat-
ment Guideline, corticosteroid therapy is recommended for
IgAN patients who meet the following criteria: creatinine
clearance (Cer) =70 ml/min, daily urinary protein excretion
>().5 g/day and active lustological lesions on renal biopsy
[18]. Nonetheless, recent studies suggest that steroid ther-
apy for IgAN could be beneficial, even when the disease
is in an advanced stage [19-21]. We previously reported
that renal biopsy specimens from IgAN patients show ele-
vated numbers of FSP1* fibroblasts, which correlate sig-
nificantly with the degree of interstitial fibrosis and the
deterioration of renal function [22]. The apparent capacity
of FSP1™ cell number 1o serve as a predictive maker of
IgAN may make 1t a useful indicator of the appropriateness
of steroid therapy. In the present study, we investigated the

L The Author [1008]. Published by Oxford Uiniversity Press on behall of ERA-EDTA. All nights reserved.
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relationship between FSPL™ cell number and responsive-
ness to corticosteroid therapy.

Materials and methods

Fatients

Fifty patients with [gAN (20 males, 30 females) were en-
rolled in this study after they gave fully informed consent.
At the beginning of the study, percutancous renal biopsies
were performed on all patients, and two renal pathologists
histologically confirmed the diagnosis of [gAN. Patients
with purpura nephritis, lupus erythematosus, diabetes mel-
litus. neoplasia. viral hepatitis or other infections were ex-
cluded. The patients ranged from 14 10 63 years of age
(mean 38.2 + 13.0 years old), and all presented with per-
sistent proteinuria with a baseline that exceeded 2.4 £ 1.8
(0.5-9.6) g/day. Recent studies have described the bene-
fits of steroid therapy for advanced 1gAN. We therefore
determined the indication for steroid treatment based on
the level of proteinuria (=0.5 g/day) and the presence of
active lesions in renal biopsies (cellular/fibrocellular cres-
cents, moderate to severe mesangial proliferation and/or
interstitial cell infiltration). The patients were treated with
prednisolone at a dose of 30 mg/day for the first 6 months,
after which the dose was gradually tapered until it was
discontinued at 2 years. In addition, 31 patients received
an angiotensin-converting enzyme inhibitor (ACEI) plus
an antiplatelet agent during the follow-up, and 38 patients
received an angiotensin receptor blocker (ARB) plus an
antiplatelet agent.

Clinical and histological parameters

Hypertension was defined as a systolic blood pressure (BP)
> 140 mmHg and a diastolic pressure >90 mmHg. Urnne
and blood samples collected at the time of renal biopsy
(baseline) were analysed for Scr and 24-h total protein ex-
cretion (Up). To measure estimated glomerular filtration
rate (eGFR), we selected the modified MDRD equation for
Japanese published during the 51st annual meeting of the
Japanese Society of Nephrology. Scr was measured every
2 months. At each visit, basic clinical data, including body
weight, BP, Scr and Up, were recorded. Renal biopsy spec-
imens that contained at least 10 glomeruli were considered
to be adequate for histological analysis and were analysed
semiquantitatively based on the following previously de-
scribed features [23,24]: (i) percentage of glomeruli show-
ing global or segmental sclerosis (%GS); (ii) severity of
mesangial cell proliferation (0 = no proliferation to mild
proliferation, with three to four mesangial cells per periph-
eral lobule; 1 = severe segmental proliferation, with more
than four mesangial cells per penipheral lobule; 2 = severe
global proliferation, Each glomerulus was scored individ-
ually, and the mean scores were calculated for all non-
sclerosed glomeruli); (iii) percentage of glomeruli showing
crescent formation; (iv) percentage of glomeruli showing
adhesions; (v) extent of interstitial damage and chronic in-
flammation (0 = 0-24%. | = 25-50%, 2 = =50% ol biopsy
area showing damage or inflammation); (vi) severity of ar-
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teriolosclerosis or arteriolar hyalinosis (0 = no hyalinosis
to mild hyaline thickening in at least | arteriole; | = severe
hyaline thickening in at least | arteriole; 2 = severe hyaline
thickening in many arterioles).

Immunohistochemisiry

Renal biopsy specimens were fixed in 10% buffered forma-
lin for 12 h, dehydrated, embedded in paraffin and sectioned
according to standard procedures, After deparaffinizing
the sections, they were incubated with proteinase K (0.4
mg/ml) for 5 min at room temperature, after which en-
dogenous peroxidase activity was blocked with 0.03% hy-
drogen peroxide. Nonspecific protein binding was blocked
with 5% normal goat serum in PBS containing 2% bovine
serum albumin (BSA). The sections were then incubated
for 60 min at room temperature with a primary polyclonal
anti-FSP1 antibody (1:5000 dilution) [22]. The antibody
was then detected using a DAKO Envision4-System perox-
idase (diaminobenzidine, DAB) kit (DakoCytomation Inc.,
Carpinteria, CA, USA) and the slides were counterstained
with haematoxylin. The specificity of FSP1 staining was
confirmed using control rabbit serum and by absorption
of the anti-FSP| antibody using an excess of recombinant
FSP1 protein. The numbers of FSP1™ fibroblasts within
the cortex were counted in each of 10 random and non-
overlapped microscope fields (magnification 200x) and
then averaged by two examiners.

Qutcome definitions

Patients receiving steroid therapy were divided into two
groups based on the changes in their renal function and
urinary excretion of protein during the follow-up period.
Patients who showed an increase in Scr of <100% from
baseline, a reduction in eGFR of <50% from baseline and
a decrease in Up of <1.0 g/day were deemed responders
(Rs). Patients who showed a total increase in Scr of = 100%,
a total decline in eGFR of = 50% from baseline or a Up that
did not improve to <1.0 g/day were deemed to be non-
responders (NRs).

Statistical analysis

Statistical calculations were made using the Statview 5.0
and JMP 5.1 software packages. Resulls were expressed as
means + SD, and the statistical analysis was carried out
using non-parametric tests. The Mann—Whitney U-test and
the Wilcoxon signed-rank test were used for paired and un-
paired subjects, respectively. Differences in the parameters
between the two groups were analysed using the Friecdman
and Scheffe’s multiple comparison test, Spearman rank cor-
relation analysis was used to assess the correlation between
the number of FSP1* cells and several parameters. Receiver
operating characteristic (ROC) curve analysis was used to
explore the predictive cut-off value for FSP1™ cell num-
ber and 4GS during corticosteroid treatment. To assess the
prognostic impact of FSP17 cell number on renal survival,
the relationship between covariates and renal survival were
evaluated using the Cox proportional hazards model. Values
of P < 0.05 were considered significant in all analyses
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Table 1. Clinical parameters on diagnosis

K. Hamada er al

Responder Non-responder P
Patients 38 (76.0%) 12 (24,0%)
Age (year/o) 315+ 128 404+ 138 na
Gender (MT) 14724 66 ns
Observation peniod {year) TA4+30 62424 ns
Presence of hypertension 19 (50.0%) 8§ (66.7%) ns
SBP (mmHg) 13 £ 193 134 £ 131 ns
DBP (mmHg) 9.7+ 130 80.7+ 122 ns
Admimistration of ACEVARB 23 (76.7%) B (66 T%) ns
Ad ation of lev agenis 29 (76.3%) 9(75.0%) ns
Additional ad of immunasupp 7 (18.4%) 5 (41.7%) ns
Urninary excretion of protem for 24 b (g/day) 21 £0.8 322 ns
Serum creatinine (mg'dl) 1O04+04 14+05 0.0109
Estimated GFR (ml/min/1.73 m?) 68.8+ 318 43.0 % 18.0 0.0142
Total protein (g/dl) 6608 6.6 %03 ns
Albumin (wdl) 3905 3Ig+04 ns
Total cholesterol (mg/dl) 23| £ 847 2IR£393 ns
IgA (mg/dl) 3124 £ B4.7 340+ 111 ns
Results than the Rs. percent GS and FSP1™ cell numbers were also

Clinical characteristics of the patients

The mean follow-up period was 7.1 £ 3.0 years, During
the follow-up, 38 patients maintained stable renal func-
tion, and Up declined to <1.0 g/day. These patients were
deemed to be Rs. The remaining 12 patients were clas-
sified as NRs, Among the NRs, there were five patients
whose renal function was stable, but whose Up continued
to be >1.0 g/day. The clinical characteristics of the Rs
and NRs at the ime of enrolment are shown in Table 1.
There were no difTerences between the two groups with
respect to age, gender, incidence of hypertension, admin-
istration of ACEVARB and antiplatelet agents, adminis-
tration of additional immunosuppressives, and total serum
protein, albumin and IgA levels. On the other hand, Scr at
the time of enrolment was significantly higher in the NRs
than in Rs (1.4 £ 0.5 versus 1.0 £ 0.4 mg/ml, P=0.0109),
and eGFR was significantly lower in the NRs than the Rs
{43.0 + 18.0 versus 68.8 + 31.8 ml/min, £ = 0.0142).
During follow-up, the Rs showed no significant change in
renal function. By contrast, the NRs showed a decline in
renal function that was significant by the end of the study
{(Figure 1). At the time of enrolment, there was no signif-
icant difference in Up between the two groups, and Up
was significantly lower in both groups after corticosteroid
therapy, but the reduction was greater in the Rs (Figure 1),
Notably, whereas the Rs showed a significant decline in
blood pressure during the follow-up period. the NRs did
not (Figure 2). Total serum protein and albumin also sig-
nificantly increased during the follow-up in the Rs but not
n the NRs (Figure 2).

Histological characteristics and steroid responsiveness

The histological features of the two groups at the time of re-
nal biopsy are shown in Table 2. The NRs had significantly
more severe mesangial proliferation and interstitial damage

significantly higher in NRs. When we then performed ROC
curve analyses to determine the predictive cut-off values for
%GS and FSP1* cell number, we found that the cut-offs for
corticosteroid responsiveness were 53.5% (sensitivity 0.50,
specificity 0.95) and 32.6/HPF (sensitivity 0.75, specificity
0.87), respectively (Figure 3), Moreover, when IgAN pa-
tients had >32.6 FSP1* cells/HPF at the time of diagnosis,
they were the more likely to show steroid resistance (Fig-
ure 3, Figure 4).

Correlation between the number of FSP1™ cells and the
clinical or histological parameters

To clarify the significance of FSP1™ cells during the pro-
gression of IgAN, we examined the correlation between
various clinical and histological parameters and the num-
bers of FSP1™ cells (Table 3). Among the climcal pa-
rameters examined, FSP1™ cell number was positively
correlated with Ser at the ume of enrolment [Spearman
rank-correlation coefficient (Rs) = 0.552, P = 0.0003] and
was inversely correlated with eGFR at the time of enrol-
ment (Rs = —0.444, P = 0.0019). Among the histological
parameters tested, FSP1* cell number was positively cor-
related with the %GS (Rs = 0.503, P = 0.0004) and the
extent of interstitial damage and chronic inflammation (Rs
= 0.662, P < 0.0001).

Predictive factors for corticosteroid responsiveness

Univanate Cox regression analysis showed that Up, eGFR,
the severity of mesangial proliferation, the extent of inter-
stitial damage and chronic inflammation, %GS and FSP1™
cell number all significantly correlated with corticosteroid
responsiveness, so their respective risk ratios (RR) were
calculated. Estimated GFR [RR 9.63 (95% C1 1.24-74.7,
P = 0.0302)], the extent of interstitial damage [RR 6.19
(95% CI 1.83-20.9, £ = 0.0033)), %GS [RR 10.9 (95% CI
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2.69-43.9, P = 0.0008)] and FSP1* cell number [RR 23.5
(95% CI14.80-115, P < 0.0001)] were all significantly pre-
dictive of corticosteroid responsiveness (Table 4). Because
multiple Cox regression analysis was underpowered in this
study, we performed an additional Cox regression analy-

sis using two covariates with every possible combination
of factors (FSP1* cells versus eGFR, interstitial damage
and chronic inflammation or %GS) to identify which fac-
tor is the strongest predictor. In all analyses, FSP1* cell
number was the strongest and most sigmificant predictor of
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Table 2. Histological findings and steroid responsiveness

K. Harada er al.

Histological findings Responder Nan-résponder P
Severity of mesangial proliferation 0.55 %072 125 £ 075 0.0072
Percentage of glomeruli showing crescent 130£134 7.84 £ 8.00 ns
Percenmtage of glomeruli showing adhesion 9.154 109 108 £10.7 ns
Percentage uf;lomrruh showing global or Mg.mcnul sclerosis 203+ 189 340+ 248 00178
Extent of interstitial ge and chronic infl 0.947 £ 0613 1.50 £ 0.79% 0.0126
Severity of anenolosclerosis or arteriolar hyalinosis 0,45 + .60 0.67 £+ 0.65 na
FSP1™ cell 23.0 4+ 980 359 £ 131 0.00250
WG
e
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: Semsifivity 050
Specificity 0.95
- ]
L} 0% Lo L 05 (]
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Fig. 3. ROC curve analysis of the association b o ds and FSP1* cell number and %GS. We performed ROC curve
analysis to determine the predictive cut-off m!ucs for pcr::mr.lge nf { i she obal or | sclerosis {*%GS) and FSP1™ cell number

with respect to responsiveness to cortic . The values obt

corticosteroid responsiveness and renal outcome in patients
with IgAN.

Side effect of corticostervid treatment

One patient developed bacterial pneumonia, one patient
developed a cataract that required surgery and two patients
experienced upper gastrointestinal upset. None of these side
effects necessitated discontinuation of treatment.

Discussion

The novel finding of this study is that the FSP1™ cell num-
ber at the time of diagnosis is closely associated with re-
sponsiveness to corticosteroid therapy and renal outcome
in patients with IgAN. Corticosteroids are usually admin-
istered to [gAN patients with active histological findings,
but an earlier report showed that 30% of those patients
do not respond to steroid therapy [16]. Because corti-
costeroids have many adverse side effects, it would be
greatly beneficial if, prior to administration, we were able
to identify those patients who will most likely respond to
steroid treatment. In addition to conventional clinical and
histological parameters, we chose FSP1* cell number as
a possible predictor of steroid responsiveness. FSP1 was

d were §3. S"‘» and 3" &HPF far %GS and FSP1* cell nuimber, respectively.

first cloned in mice by Strutz er al. [25]. Iwano er al.
then showed that FSPI is a specific maker of activated
fibroblasts and that FSP1* fibroblasts accumulate in ar-
eas of interstitial fibrosis [25,26], which suggests that
FSP1™ fibroblasts are the principal effecter cells in renal
fibrosis [27].

We previously found that the renal cortices of patients
with IgAN contain large numbers of FSPI™ fibroblasts,
which correlate closely with the interstitial fibrosis and
renal prognosis [22). Moreover, patients with >20 inter-
stitial FSP1* fibroblasts per HPF had a poor renal out-
come. Because tubulointerstitial fibrosis correlates with
renal survival [12,13], we decided to evaluate the corre-
lation between the extent of interstitial damage and the
responsiveness of IgAN patients to corticosteroid therapy.
In the past, the extent of renal fibrosis was studied using
computer-assisted morphometric analysis of stained renal
biopsy specimens. With this semi-quantitative assay, it takes
at least several weeks before the final results are available,
This assay is also limited by the degree of methodolog-
ical varation among examiners. [n the present study, we
focused on FSP1* cells, which appear to be a more sensi-
tive and specific marker of both active fibroblasts and renal
fibrosis. This approach is simple and quantitative, and the
results are available within a few days after renal biopsy
(Figure 4a and b).
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The original magnification in & and b is 100x; ¢ and d are the high power images of the boxed areas in a and b

Table 3. Correlation of FSP1™ cell number with clinical and histological parameters

Variables Spearman rank correlation coefTicient P
Clinical parameters
Age 0,160 0.2627
Urinary excretion of protein for 24 h 0,291 0.0419
Serum creatinine 0.552 0.0003
Estimated GFR —0.444 0.0019
Histological parameters
Severity of mesangial proliferation 0.141 03243
Percent of crescent/total glomeruli 0.267 03760
Percent of adhesion/total glomeruli -0.171 0.5710
Percentage of glomeruli showing global or segmental sclerosis 0.503 0.0004
Extent of interstitial damage and chronic inflammation 0.662 <0.0001
Severity of anteriolosclerosis or arteriolar hyalinosis 0.329 0.0212

We also showed that Scr, eGFR, severity of mesan-
gial proliferation, extent of interstitial damage and chronic
inflammation, %GS and FSP1™ cell number were signifi-
cant predictors of responsiveness to corticosteroids. Inter-
estingly, Cox regression analysis revealed that the num-
ber of interstital FSP1* fibroblasts was the strongest
predictor of corticosteroid responsiveness and renal out-
come in patients with [gAN, Moreover, ROC curve anal-

ysis showed that the cut-off value 1s 32.6 FSP1™ cells
per HPE. In other words, when IgAN patients have =>32.6
FSP17* cells/HPF, they are much more likely to show steroid
resistance,

It is noteworthy that some of the tubular epithelial cells
surrounding areas of fibrosis also expressed FSP1, which
I1s consistent with earlier studies describing epithelial—
mesenchymal transition (EMT) in regions around areas
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Table 4. Univarate Cox

I factors affecting steroid resistance

Vanables

Risk ratio (95%-CT) F

Climical parameters

Urinary excretion of protein for 24 h (= 3.0 g/day) 1.72 (0.52-3.72) 03791

F i GFR (<60 ml/f 1.73m?) 9.63(1.24-74.7) 0.0302
Histological parameters

Severity ofmn.l.ngul proliferation (severity sore ‘-‘-1) 1.97 (0.64-13.8) 0.1654

Extent of damage and chronic infl (score =2) 6.19(1.83-20.9) 0.0033

%wGlobal or segmental sclerosis (> 50.0%) 10,9 (2.69-41.9) 0.000%

FSPI™ cell (=32.6/HPF) 23.5 (4.80-115) <0.0001
of fibrosis [27,28]. Using FSPI staining as a predictor of and risk factors for i lobulin A nephropathy in Japan. Am ./

sterond responsiveness, we were able to assess not only tis-
sue fibroblasts, but also the emergence of fibroblasts via
EMT, which could be indicative of future fibrotic pro-
cesses. This would make counting FSP1* cells a more
sensitive and specific method than traditional morphome-
tric analysis for evaluating current and future renal fibro-
sis, and could explain why the statistical power of count-
g FSP1™ cells is much greater than traditional clinical
and histologic parameters for predicting responsiveness 1o
corticosteroids.

In the present study, 24.0% of patients with IgAN did
not respond to corticosteroid treatment. That level of re-
sponsiveness is compatible with the level reported earlier
by Pozzi [16], who found that ~30% of IgAN patients
did not respond to steroids. We suggest that FSP1™ cells,
including fibroblasts emerging via EMT, represent an on-
going fibrotic process, and the presence of large numbers
of FSP1™ cells indicates a need for more intensive ther-
apy, using additional immunosuppressive drugs, from the
oulset.

Conclusion

Our findings indicate that the renal FSP1™ cell number is
a novel marker to guide steroid treatment in [gAN patients.
However, further prospective studies will be needed to fully
define the role of FSP1™ cells in the treatment strategy for
patients with [gAN.
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Abstract A 50-year-old woman was admitted for active
rheumatoid arthnitis (RA). She was found to have RA
| year prior to this admission. Past history was unremark-
able and she had no family history for rheumatic diseases.
As nonsteroidal anti-inflammatory drug (NSAID) and
methotrexate were not effective, etanercept was started
(25 mg, twice a week). Mild elevation of alanine
transaminase (ALT) and aspartate transaminase (AST) was
found as an outpatient, and it was considered to be NSAID-
induced liver injury. Two weeks after the first dose of
ctanercept, she developed progressive elevation of AST and
ALT with right upper quadrant tendemness and hepatomeg-
aly. Etanercept was discontinued and liver biopsy was
performed, which demonstrated portal-area-dominant lym-
phoplasmacytic imflammatory cell infiltration. She was
diagnosed as autoimmune hepatitis (AlH), Glucocorticoid
was started with normalized liver function and stable joint
symptoms. AIH was thought to be acutely aggravated by
the administration of etanercept.

Keywords Autoimmune hepatitis - Etanercept -
Rheumatoid arthritis
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Introduction

Etanercept is a recombinant soluble wmor necrosis factor
(TNF) fusion protein, which inhibits biological activity of
TNF. Specific therapy-targeting TNF has been offered as an
important advance in the treatment of active rheumatoid
arthritis (RA) [1]. Although anti-TNF therapy is a powerful
therapeutic armamentarium for the patients with RA,
various side effects such as autoimmune disorder and
infection have been observed [2]. In this report, we describe
the first case of autoimmune hepatitis (AIH) exacerbated by
the administration of etanercept for rheumatoid arthritis.

Case report

A S0-year-old woman presented to our outpatient clinic in
July 2006 for active RA. She has had RA with Sjogren
syndrome (SS) since June 2005. She experienced progres-
sive arthralgia and moming stiffness. As nonsteroidal anti-
inflammatory drug (NSAID) and methotrexate were not
effective, etanercept was started (25 mg, twice a week). She
has had mild liver dysfunction (aspartate transaminase/
alanine transaminase 45/62 1UN) since June 2005 and it was
considered to be due to NSAID because reduction of
NSAID ameliorated liver dysfunction. Two weeks after the
first dose of etanercept, she developed nght upper quadrant
abdominal pain. Physical examination showed tender
hepatomegaly. Several proximal interphalangeal and meta-
carpophalangeal joints were tender and swollen. Laboratory
findings were compatible with acute deterioration of liver
dysfunction. She was admitted to our hospital. Her past

@ Springer
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Table 1 Laboratory findings of 50-year-old patient

Complete blood counts Blood chemistry Serology
Red blood cells 433+ 10" per microliter Total protein 8.1 g/dl CRP 0.2 mg/di
Hemoglobin 10.4 gidi Albumin 4.0 g/dl IgG 2471 mg/dl
Hematocrit 33.8% Total cholesterol 168 mg/dl IgA 328 mg/dl
White blood cells 4.500/ul Trglycende 106 mg/dl
Neutrophils 61.0% Creatinine 0.7 mg/dl
Monocytes 7.0% Blood urea nitrogen 15 mg/dl CHS0 47 Ufml
Lymphocytes 27.0% Total bilirubin 1.2 mg/di Cc3 142.5 mg/d|
Platclets 31.2x10" /pl Direct bilirubin 0.6 mg/di Cca 25.1 mg/dl
Erythrocyte sedimentation rate 98 mm/h AST 237 1UA ANA =1.280 (speckled)
ALT 300 LA RF 133 1A
LDH 233 1LN 1gGi 137.8 mg/di
LAP 135 UA RAPA =320
ALP 488 1L ASMA =)
y-GTP 126 1U/1 AMA (]
ChE 228 [IUN LKMI -}
Sodium 142 mEg/l PRI-ANCA (=)
Potassium 4.1 mEg/l MPO-ANCA =)
Chlonde 105 mEqg/ HA-IgM o)
Caleium 9.4 mg/dl HBs-Ap =)
Phosphate 4.9 my/di HCVADL (=)
EB-VCA-1gM =)
EBV-VCA-1gG 320
EBV-EBNA =10
CMV-IgM =)
CMV-1gG +)
ANA antinuclear antibody, RF rheumatoid factor, RAPA rheumatoid arthntis paricle aggl ASMA antismooth | body, AMA

antimitochondrial antibody, LKMI, antiliver-kidney

A |

medical history was unremarkable and she had no family
history for collagen vascular, rheumatic, or hepatic disease.

On admission, she was afebrile, normotensive (116/
72 mmHg) with regular pulse of 78 per minute. She had
right upper quadrant tenderness while the remaining
physical examination was unremarkable. Laboratory find-
ings were shown in Table 1. She had normocytic anemia
and moderately elevated liver enzyme. Viral antigens and
antibodies for hepatitis A, B, C, cytomegalovirus, and
Epstein—-Barr virus were all negative. Antinuclear anti-
bodies were positive at a titer of 1:1,280. Although neither
antismooth muscle nor antiliver—kidney microsome type |
antibody was negative, Nuctuating liver dysfunction togeth-
er with high titer of ANA and elevated serum immuno-
globulin G concentration suggested the presence of
autoimmune hepatitis. Liver biopsy was performed and
light microscopic examination revealed portal-area-domi-
nant lymphoplasmacytic inflammatory cell infiltration
(Fig. 1). Diagnosis of definite AIH was made according
to the proposed criteria [3]. The patient was treated with
oral glucocorticoid with normalized liver funcuon and
stable joint symptoms (Fig. 2). She has normal liver
enzyme 6 months after discharge.

@ Springer
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Discussion

This is the first report that etanercept could be associated with
the deterioration of AIH. Etanercept is a recombinant soluble
TNF fusion protein, which inhibits the biological activity of
TNF. Although anti-TNF therapy is now used in thousands of
patients with RA, there are concems for various side effects
such as autoimmune disorders.

Fig. 1 Light micrograph of liver biopsy. Liver biopsy was performed

and light microscopic examination revealed portal-area-dominant

lymphoplasmacytic inflammatory cell infiltration




Clin Rheumatol (2008) 27:1063-1066

Fig. 2 Clinical course. She
has had mild liver dysfunction
since June 2005 and it was
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This patient probably had subclinical AIH which was
initially considered to be NSAID-induced liver injury. We
speculate that clinical course of subclinical AIH was
somewhat affected by NSAID and liver function fluctuated
according to the dose of NSAID. After etanerceplt was
started, the patient developed clinically apparent liver
disease. Clinical course suggested the pivotal role of
etanercept in turning AIH o an active state.

We hypothesized that two mechanism might be related to
the induction of AIH by etanercept. One hypothesis is as
follows: Thl helper T cell is reported to be associated with
the activation of synovitis in RA [4]. Th2 helper T cell, on
the other hand, is related to the development of anti-TNF-
a-induced autoimmune disease like SLE by activating B
lymphocytes [S]. Etanercept acts by inhibiting Thl helper T
cells, thus disrupting the balance between Thl and Th2
cells [6]. Anti-TNF- a-induced autoimmune disorders
could be induced by the imbalance between Thl and Th2
helper T cells. Liver tissue in the patients with AIH has
shown to be infiltrated by more Th2 helper T cells than Thl
cells [7]. By inhibiting Thl helper cells, etanercept could
accentuate the biological action of Th2 cells, which could
activate the autoimmune process in the liver. This hypoth-
esis might be further supported by the finding that Th2-
mediated cytokine production is increased in AIH patients
[7]. Another hypothesis is that etanercept itsell could
induce AIH. Previous report showed that drug-induced
liver injury leads to AIH [8-12]. Drug-induced liver injury
could develop AIH by following mechanism which was
proposed previously [8]: Drug-induced hepatic cell injury
could expose antigens which normally have no contact with
immune cells. The exposed antigens would be recognized

= T T T
FFFFPFiiifiif
by immune cells, which could induce liver damage.
Etanercept might induce AIH by this mechanism.
In conclusion, caution should be taken for possible

association between the use of etanercept and the develop-
ment of ATH.
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Summary. Background: Hemophilia A is an X-chromosome-
linked recessive bleeding disorder resultng from an F8 gene
abnormality. Although various gene therapies have been
attempted with the aim of eliminating the need for factor VIII
replacement therapy, obstacles to their clinical application
remain. Qbjectives: We evaluated whether embryonic stem (ES)
cells with a tetracycline-inducible system could secrete human
FVIIL. Methods and results: We found that embryoid bodies
(EBs) developed under conditions promoting liver differentia-
tion efficiently secreted human FVIII after doxycycline induc-
tion. Moreover, use of a B-domain vanant F§ cDNA (226aa/
N6) dramatically enhanced FVIII secretion. Sorting based on
green fluorescent protein (GFP)-brachyury (Bry) and c-kit
revealed that GFP-Bry ™ je-kit * cells duning EB differentiation
with serum contain an endoderm progenitor population. When
GFP-Bry " /c-kit" cells were cultured under the liver cell-
promoting conditions, these cells secreted FVII more efficiently
than other populations tested. Conclusion: Our findings suggest
the potential for future development of an effective ES cell-
based approach to treating hemophilia A.

Keywords: cell-based therapy, embryonic stem cells, factor VIII,
hemophiha A.
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Introduction

Hemophilia A is an X-chromosome-linked recessive bleeding
disorder resulting from an inversion or mutation within the F8
gene, and 15 the most common of the congenital bleeding
disorders [1). The clinical severity of hemophilia A correlates
closely with circulating levels of factor VIII (FVIII) protein.
Current standard therapy for hemophilia A patients is replace-
ment therapy with intravenous infusion of plasma-denived or
recombinant FVIII concentrates [2). However, the half-life of
infused FVIII is short (10-12 h), and the cost of the frequent
infusions necessary to maintain adequate plasma levels of
FVIII is extremely high. Consequently, the development of a
novel therapy leading 1o constitutive supply of FVIII s much
desired in the next stage of the treatment of hemophilia. For
that reason, gene therapy for hemophilia has received a great
deal of attention [3). Constant and sustained FVII synthesis
mediated by gene therapy in patients would obviate the risk of
spontancous bleeding without the need for repeated FVIII
infusions. Although the gene therapy approach has shown
promise in a mouse model [4], some drawbacks, such as hepatic
damage or viral contamination in the non-motile sperm, have
been reported [5,6]

As another approach, orthotopic hver transplantauon
(OLT) has also been attempted for the treatment of hemophilia
[7]. Moreover, recent studies have shown that transplantaton
of hepatocytes [8) or sinusoidal endothelial cells [9] corrects the
hemophilia A phenotype in mice, suggesting that cell-based
therapy using primary cultured cells may be a useful approach
to treating hemophilia. However, a disadvantage of these
therapies is that there is a shortage of donors for trans-
plantation or cell 1solation

Given the limitations of all the aforementioned therapics, we
evaluated the potenual of a cell-based therapy that makes use
of embryonic stem (ES) cells as the source of active human
FVIIl. ES cells retain their 1otipotenual capacity when
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maintained on mouse embryonic feeder (MEF) cells and are
able to spontancously differentiate and generate various
lineages via the embryoid body (EB) stage. We hypothesized
that ES cell-based therapy would have unique characteristics
that would enable us to overcome the problems associated with
gene therapy or primary cultured cell transplantation. First, ES
cells can provide a cell source with unlimited expansion
capacity, thereby overcoming the shortage of donors for OLT
or primary cultured cell transplantation. Second, hepatic
damage or the contamination in the non-motile sperm fraction
by viral vectors would be avoided, as there is no virus present.

In this study, to induce the human F8 gene in ES cells, we
used an ES cell line (Ainvi8) that enables the inducible
expression of the F§ gene under the control of a tet-inducible
promoter [10]. Although Ainvi8 ES cells have been used
previously for functional analysis of the transcriptional factors
HoxB4 and Hex [10,11], we used them for synthesis of a
secretable protein. Together, these advantageous features could
make ES cell-based therapy an effective approach to the
treatment of hemophilia A, Our aim in the present study,
therefore, was 10 establish an ES cell line capable of doxyeycline
(Dox)-inducible F8 gene expression and to determine the most
suitable differentiation conditions for secretion of FVIII. We
show that ES cells can secrete FVIII with antigen and
coagulant activity, suggesting that ES cell-based therapy may
be a potentially useful approach to treating hemophilia A.

Materials and methods

Growth and differentiation of ES cells

The cDNA construct harboring the full-length human wild-type
(WT)-F8 was described previously [12], as were the B-domain-
deleted (BDD)-F¥ and 226aa/N6 cDNAs [13]. Ainvi8 ES cells
(a kind gift from M. Kyba and G. Q. Daley) were transfected
with the WT-F3-plox, BDD-F8-plox or 226aa/N6-plox target-
ing plasmids by clectroporation, yielding tet-WT-F8, tet-BDD-
F8and tet-226aa/N6 ES cells, after which the transfectants were
selected with G418, as described previously [11], Green fluores-
cent protein (GFP)-brachyury (Bry) AinvI& ES cells (S, Irion
et al., unpublished data) were established by targeting GFP to
the Bry locus in Ainv18 ES cells [14].

ES cells were maintained on MEF cells and were passaged
twice on gelatin-coated dishes before EB formation, as
previously described [15]. To generate EBs, ES cells were
dissociated to a single cell suspension with 0.25% trypsin
EDTA and cultured at various concentrations (1-8 % 10°
cells mL™") in 60-mm Petri-grade dishes in serum-contaming
differentiation medium  [Iscoves’ modified  Dulbecco’s
medium (IMDM) supplemented with penicillin-streptomyein,
2 mm glutamine (Gibeo/BRL, Grand Island, NY. USA),
0.5 mm ascorbic acid (Sigma-Aldrich, St Louis, MO, USA),
0.45 mm monoethioglycerol (MTG; Sigma-Aldrich), 15% fetal
bovine serum (FBS; Viromex, Geilenkirchen, Germany),
5% protein-free  hybridoma medium (Gibco/BRL) and
200 pg mL™" transferrin ( Bochninger Mannheim, Indianapolis,
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IN, USA)). Cultures were maintained in a humidified chamber
in a 3% COy/air mixture at 37 °C.

The experimental protocol is depicted schematically in
Fig. IA. When EBs were cultured in differentiation medium
for & days, EBs differenuated into the mesodermal lineage,
which includes mainly hematopoietic and endothelial cell
populations (hematopoietic-like EBs). For liver differentiation,
EBs were cultured in differentiation medium for 3 days and
then transferred to serum replacement (SR) medium [IMDM
supplemented with 15% knockout SR (Gibco/BRL), penicil-
lin-streptomycin, 2 mm glutamine, 0.5 mm ascorbic acid,
0.45 mm MTG] and cultured for an additional 7 days. On
day 10, the EBs were harvested and replated in 12-well tissue
culture dishes coated with Mamngel (Becton Dickenson, San
Jose, CA, USA) in IMDM with 15% FBS and | pum
dexamethasone (Dex; Sigma-Aldrich), which led to the
development of liver-like EBs [15].

Undifferentiated ES cells were passaged twice on gelatin,
Hematopoietic-like EBs cultured with serum for 6 days were
replated on 12-well culture dishes coated with Matrigel in
IMDM with 15% FBS and | psm Dex for 2 days. Undifferen-
tiated ES cells, day 8 hematopoietic-like EBs and day 13 liver-
like EBs were stimulated with Dox for 2 days before assay. For
in vitro assay of FVIII, the culture media were replaced with
500 pL of serum-free IMDM medium containing 5 mg mL™"
bovine serum albumin (Calbiochem, San Diego, CA, USA)[16]
with or without human FVIII-free von Willebrand factor
(VWF; Haematologic Technologies, Essex Junction, VT,
USA). Twenty-four hours later, the supernatant and cell
samples were harvested for determination of FVIIL activity
(FVILC) and FVIII antigen (FVIII:Ag) or protein levels,

Gene expression

For gene-specific reverse transcription polymerase chain reac-
tion (RT-PCR), total RNA was extracted using RNeasy mini-
kits and treated with RNase-free DNase (Qiagen, Valencia,
CA, USA), One microgram of total RNA was reverse-
transcribed into cDNA using a Superscript RT kit (Invitrogen,
Carlsbad, CA, USA) with random hexamers. PCR was carried
out using Taq polymerase (Takara Bio, Shiga, Japan) in PCR
buffer, 2.5 mym MgCl,, and 0.2 mym dNTPs. The primers for
human specific £ were 5~ AGAGTTCCAAGCCTCCAACA-
3" (sense) and S“TAGACCTGGGTTTTCCATCG-3 (anti-
sense). The cycling protocol entailed one cycle of 94 °C for
3 min, followed by 25-35 cycles of denaturation at 94 °C for
| min, annealing at 60 °C for 30 s and elongation at 72 °C
for | 'min, and a final incubation at 72 °C for 7 min,
Oligonucleotides for Rex!, Gatal, Albuminl (Alb), transthy-
retin (Ter), tyrosine aminotransferase (Tat), a-fetoprotein (Afp),
Foxa?. Soxi7, Cereberus, E-cadherin ( E-cad), Hex and fi-actin
have been previously described [15,17]. Quantitative real-time
RT-PCR analysis was performed with an Applied Biosystems
Prism 7700 Sequence Delection System using TagMan™
universal PCR master mix according to the manufacturer's
specifications (Applied Biosystems, Foster City, CA, USA).
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Fig. 1. Expressions of WT-F¥ mRNA by doxycycline (Dox) stimulation in undifferentiated embryonic stem (ES) cells, hematopoetic-like embryoud bodies
(EBs) and liver-like EBs. (A) Schema of the experimental protocol. (B) Reverse transcription polymerase chain reaction (RT-PCR) analysis of variable
marker genes in undifferentinted tet-WT-£5 ES cells. hematoporetic-like EBs and fiver-like EBs with or without Dox induction (1 pg mL™"), (C) Real-time
PCR anulysis of F§ mRNA levels in undifferentiated 1et-WT-F¥ ES cells, hematopoetic-like EBs and liver-like EBs with or without Dox induction

(1 pg mL™"). The data presented are means of three independent experiments; the error bars represent the SEM. VWF, von Willebrand factor; SR, serum

replacement.

The TagMan probes and primers for human F¥ (assay
wentification number Hs00240767) and mouse F¥ (assay
identification number Mm00433174) were assay-on-demand
gene expression products (Applied Biosystems), The mouse fi-
actin gene (assay identification number Mm0607939) was
used as an endogenous control.

FVII assay

FVIILC was measured in a one-stage aclivated partial
thromboplastin time (APTT) clotting assay in a coagulometer
(KCI0A; Amelung, Lemgo, Germany) using human FVIII-
deficient plasma (George King Biomedical, Overland Park,
KS, USA). Activated partial thromboplastin and CaCl; were
purchased from bioMernieux (Durham, NC, USA). FVIILAg
was quantified using human FVII-specific enzyme-linked
mmmunosorbent assay (ELISA) kits (FVIILEC-EIA, Affimty
Biologicals, Ancaster, ON, Canada), according to the manu-
facturer’s nstructions. These ELISA kits employ FVIII light
chain specific antibody, and is the same kits used for 226aa/N6
detection previously [13]. For measurement of both FVIILC
and FVIILEAg, a standard curve was generated using normal
human plasma (Coagtrol N; Sysmex, Kobe, Japan) in senial
doubling dilutions (1 : 10 to 1 : 1280) in 0.05 M imidazole
saline buffer. Each supernatant sample was applied to these
assays withouwt dilution rather than 10x dilution. Therefore,
FVII:C and FVIIL:Ag levels of culture supernatant samples
should be considered as 1/10 of the raw data. We calculated
FVHI:Ag levels in normal human plasma as | nm. The
detection limits of the FVIIEC and FVIIEAg assays were

10 mIU mL™" and 10 pM, respectively,. The attached cell
samples in cach well were also harvested to determine the
amount of protein by a BCA protein assay (Pierce Biotech-
nology, Rockford, IL, USA). Although these types of data are
typically signified in terms of cell number, it is very difficult to
count cell numbers in hiver-like EBs, due to formation of tight
aggregates. In order to adjust secretion levels from the equal
protein levels of EBs, FVIIEC and FVIIEAg levels in the
supernatant of each well were adjusted by protein amount of
attached cells m the same well. Data are shown as ‘not detected’
when the raw data for FVIIEC and FVIIE:Ag were under the
detection limit of the assays (10 mIU mL™' and 10 pM,
respectively).

Cell sorting

Day 3.5 EBs were dissociated with trypsin-EDTA, stained
with anti-mouse c-kit-phycoerythrin (BD PharMingen, San
Diego, CA, USA) in IMDM supplemented with 5% FBS, and
sorted in a FACS Ana cell sorter (Becton Dickinson). Afler
sorting, the cells were reaggregated in SR medium and cultured
using the liver differentiation protocol,

Results

Tet-WT-F8 ES cells secrete active human FVIIl protein

Using the Ainv18 ES cell line, we established ES cells in which
the F8 gene was induced by the tetracycline analog Dox (tet-
WT-F8 ES cells). Tet-WT-F8 ES cells were cultured such that
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we were able to obtain three different cell types: undifferenti-
ated ES cells, ennched hematopoietic EBs (hematopoietic-like
EBs), and ennched liver EBs (liver-like EBs). RT-PCR analysis
revealed that 1et-WT-F8 ES cells were well differentiated under
hematopoietic cell-promoting conditions (hematopoietic con-
ditions) or liver cell-promoting conditions (liver conditions;
Fig. 1B), which is consistent with carlier findings [15]. Rex/ and
Gatal are marker genes for undifferentiated ES cells and
hematopoietic cells, respectively. Alb, Ttr and Tat are marker
genes for liver cells. Recently, we further confirmed that liver-
like EBs also secreted albumin and transferrin (A. Kubo,
unpublished data). Addition of Dox (I pg mL™") to the culture
medium successfully upregulated 8 mRNA expression under
all three differentiation conditions (Fig. 1B). We also quanti-
tatively analyzed mRNA expression by real-time PCR
(Fig. 1C). Interestingly, F§ mRNA levels in undifferentiated
ES cells were much higher than those in hematopoietic-like EBs
and liver-like EBs. The reason for this is currently unclear.
However, we deduce that gene induction by Dox may be more
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effective in undifferentiated ES cells than in the other differ-
entiated EBs because of the three-dimensional structure of EBs.
On the other hand, F§ mRNA expression levels of the two cell
types were found to be identical. Mouse F¥ mRNA was not
induced in liver-like EBs (data not shown). Among the
different cell types, FVIILC and FVIILAg were detected only
in the supernatant from liver-like EBs; neither was detected
with undifferentiated ES cells or hematopoictic-like EBs
(Fig. 2A,B). Apparently, the differentiation conditions and
the resulting cell types are cntical to the production and
secretion of FVIIL, despite the mRNA levels induced by Dox.
In the presence of 2.5 pug mL™" of VWF, Dox-induced levels of
both FVIII:C and FVIII:Ag were increased to about twice that
seen in the absence of VWF (data not shown). Accordingly,
VWF was added al a concentration of 2.5 pg mL™" in
subsequent experiments. We also assessed the effect of Dox
concentrations on FVIII secretion. When liver-like EBs were
stimulated with various concentrations of Dox, the level of F¥
mRNA increased in a dose-dependent manner with increasing
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Fig. 2. FVIIL.C and FVIILAg levels in undifferentiated embryonic stem (ES) cells, hematopoietic-like embryoid bodies (EBs) and liver-like EBs with
or without doxycycline (Dox) sumulation. (A. B) FVIILC (A) and FVII:Ag (B) levels in media conditioned by cells cultured under the three differentiation
conditions, with or without Dox induction (1 pg mL™"). No von Willebrand factor (YWF) was added. (C) F¥ mRNA expression induced by the
indicated concentrations of Dox from tet-WT-£8 ES cells. (D, E) Secretion of FVIIEC (D) and FVIEAg (E) from tet-WT-F5 ES cells induced by the
indicated concentrations of Dox in the presence of 2.5 pg mL™" VWF The data presented are means of three independent experiments; the error

bars represent the SEM. ND, not detected
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Dox concentrations (Fig. 2C), and there were corresponding
increases in both FVIILC and FVIILEAg (Fig. 2D.E).

Tet-226aa/N6 ES cells secrete active FVIII more efficiently
than tet-WT-F8 ES cells

Earlier reports showed that BDD-F¥ is more efficient than
WT-£% for FVII production, because higher mRNA levels are
achieved [18,19), In addition, Miao e al]13] bioengineered a
BDD-F8 vanant with 226 amino acids of the native F¥
B-domain that includes six asparagine-linked glycosylations
(226aa/N6). They showed that COS-1 or CHO cells transfected
with 226aa/N6 secrete active FVII more efficiently than WT-
F8- or BDD-F8-expressing cells. To evaluate these three F¥
types with respect to FVII production and secretion, tet-WT-
F3 ES cells, 1e1-BDD-F8 ES cells and tet-226aa/N6 ES cells
were cultured under the liver conditions. Real-time PCR
analysis showed that BDD-F8 mRNA was expressed 2-fold
higher than WT-F5, and 226aa/ N6 mRNA levels were between
those of WT-F8 and BDD-F¥ (Fig. 3A), These results suggest
that the length of the B-domain may affect the transcriptional
levels of the £8 gene,

FVIII secretion in liver-like EBs from tet-BDD-F8 ES cells
was about 1.5-fold higher than in those¢ from tet-WT-F8 ES
cells (Fig. 3B.C). Furthermore, FVII secretion in liver-like
EBs from 1e1-226aa/N6 ES cells was about 6-10-fold higher
than in those from tet-WT-F¥ ES cells (Fig 3B,C). These
results demonstrated that the construct of 226aa/N6
efficiently produced higher levels of F8 regardless of
transcriptional levels,

Comparison of FVIII secretion in population sorting based
on the Bry/c-kit

Recently, Gouon-Evans er al. showed that acuvin can induce
definitive endoderm in the absence of serum and that the GFP-
Bry " je-kn " populauon was the defimuve endoderm progen-
itor under this conditon [20]. We tested whether the GFP-
Bry " /c-kit” population cultured in the presence of serum also
contained endoderm progenitors, and which subpopulation
gave nse to FVII-secreting cells. Tet-226aa/N6 ES cells were
differentiated for 3.5 days in the presence of serum, al which
time the GFP-Bry " and c-kit " populations had been induced
(Fig. 4A). On the basis of earber studies [14.20], the GFP-
Bry " jc-kit” and GFP-Bry " /c-kit * cell fractions were deemed
1o be mesoderm and endoderm, respectively. Alter the
population was sorted and harvested for RNA isolation, RT-
PCR showed that Foxa2 and Sex/7, which are normally
expressed i endoderm. were expressed pnmanly in GFP

Bry " fe-kit 7 cells (Fig. 4B). Cereberus and E-cad, which are
expressed in ES cell-derived endoderm [17), and Hex, which is
an important transcriptional factor for liver speafication [21],
were also strongly expressed in the GFP-Bry " /c-kit ™ fraction.
Taken together, these results suggest that GFP-Bry ™ fe-kit™
cells cultured in the presence of serum contained the definitive
endoderm population,
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After sorting, each of the populations denved from tet-
226aa/N6 ES cells was reaggregated m SR medium and
cultured under the liver conditions. On day 15, EBs derived
from GFP-Bry " /c-kn" cells expressed Afp and Alb mRNA
more strongly than either presorted or GFP-Bry ™ /e-kit™ cells
(Fig. 4C). We then examined the cell populations responsible
for the FVIIl secretion, and we found that EBs derived
from the GFP-Bry /c-kit™ population were more active
for FVII secretion than the presorted EBs following
induction with Dox (Fig. 4D.E). By contrast, GFP-Bry~

© 2008 International Society on Thrombosis and Huemostasis



