Ta77IL i EE

ER205F4FA8HEE MAFTERSEESE
ENEREIE2 (&1 HE)

R-RERMRESEFAEASE

1. EUVEEEF. SHOFFLCEHEBALTL ST ThOBRICE TS M0 EE,

%o A i R B D £ SIS BU(FFBE B EEAL TL S RAISEAL TOEO BH)

B EOSLFFREFTEZERL TSRO SIXTM%h, £, fta1xE
DESIAFTHRTNSH (BHGE. ERORHLICKYVRETEL00 %),

|
MBRBR | T2T77AIHKRIC | 73T7ULTEG .
B | BEOSE | SUMBShIE | CEYmBShr | T2 LEEEN
£ | BRGE | mmmmon | DA
Th BT 2,000 - -
N)L¥— O 70,000 100 100
TSTN X 2,000 - —
952 | O(fF3kaY 150,000(2008 £ 60(2008 5‘-'% 100(2008 &%
) ) ) )
F)ox X 8,000 5 —
1 32)7 X 34,000 5 25
RL—37 X 300 - -
o7 X 17,000 1 1
SR —
9 X 1,000 — -
ARAY X 105,000 44 69
A1XYR X 9,000 2 2

RWF—RUISDRIZEWTIZEIL#MIMY —E X (National Transfusion Service) A
MIBOADFFLBAERBL TS (RILF—TIE 2004 £H5, 752 ATIE 2009
FETOBTRFTEINTNDS), FOMMOLTORIZHLTIE. B UIZHKERAE
Y AmRENA (B EHARVRERA) ZBBISRIRTEENAHETH D, LHL
THSEMIZHEUL TR, mMEERF LIz i/MMERAIO R FILEANEETH S,

2. FHOFEF LM EERTIMOBFICAMBRBREEIT oGS L. RiFLE#E
BALE-SAICBmBRREETHEN>1IHEELEL T, GVHDEDRERDH#
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BIXEDESITE>TLS D,

Br £ TORICHE VD THRMERBA I KNIC/MREF OB MK KX, REICEYER
LS TW%, BMERBREDEA R, BMBAKICISBREHBIIEZLELLIZ(M. M.
Mueller et al., “Clinical impact of leucocyte depletion — what is the evidence?”£8),
GVHD OFBR5ICEL T, mBFIEARELTHOIHRBHE I TS, LMLERLT
a77) 73 8 THERAFLEX UVC # & ¢ /MR BFIAF F LML, TR BHOKR
BITRYBLHEHFSA TS,

3. EUXEEIHIT AT FEERMBEARTEITH =8 T (B, NATSH)

[E1% ,
FEEEFELNFEASN OO DEIZEVL T REREHBENL4BINT-, TOHE
B. JYBRHLHIE. REAR—ADEH R R EZMBRABIEIC OGN o=, AFL
VIN—REOFEANECEHMRBELCICRFORELZLBLU-EIIEN, —FT
AFLUTN—REBEOZBAICKYHLEREOENRUBREOREREER LS55
B (VT LNAT ) [ZfThh TLVEL,

migRA - , ;
BRMIZENT, FYMMIERIN TS 0.65um D I74)LA—(T M RR A B MEkERED

AWE—KYFEN RV, THERAFLEX MB-Plasma 233 fn #2 % 0 B i BkBR 2
DRELLED,

/MR B
THERAFLEX UVC-Platelet LB kY, FEMICH O THEBHECICHERIY—=2
TREODEBIHFINDG, MEDEBRETIX. 91ILANAT BEOEBBITHELLZL,

4. EUTERICE AR ELRMERALTOARADOHRZAEDEE (FES)

MlREAEL. BRNESERICBEASA TOABANEE DS AR UVEIN Y —E X #4$E5 (Blood
Transfusion Services) IZ&YERBEINTEY . AFURKTIZTSUANZDOREREE
LTS, ETORMBENAAFLUOTIL—NEBSh-MERHZET L TOMREA
TR BANEEDSURTOTSLEERL TS, BIZ, BEROBYEMHFFMOER (D
FORCBIFBAFLUT I —NEMFRFOMBERKR AR, %) H5HL E Politis FITK
AESER {3 FE#2E% (Vox Sanguinis, [2007];Volume 92, Issue 4, Pages: 319-326) A% &
ShTLh,
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Robert-Bosch-StraBe 11
D-63225 Langen
Bestellannahme Infusion

Telefon: +49-(0) 6103-8008-88
Telefax: +49-{0) 6103-9008-20

Maco Pharma International GmbH - Fobert Bosch-Strafle 11 - 0-63225 Langen ' Zentrale V€fW8|IUﬂg
. v Telefon: +49-(0) 6103-9008-0
Mr. Takahiro GOTOU Telefax: +49-(0) 6103-9008-90
c/o Blood & Blood Products Division ‘ : Www.macopharma.de

Pharmaceutical & Food Safety Bureau (PFS) -
Ministry of Health, Labour and Welfare (MHLW)

1-2-2, Kasumigaseki, Chiyoda-ku

Tokyo, JAPAN, 100-8916

Your Reference: Your Message of;: Our Reference: DﬁW.IAH Date: April 30“‘, 2008

Committee questions from April 24", 2008

Dear Sirs,

following you will find answers to the questions raised by you on the Theraflex MB Plasma
on April 24™, 2008.

+

1. Actual conditions of blood products supply in each countﬂ, where the inactivation

has been implemented
{Please specify the total number of blood products supply with breakdown of inactivation

~ processed and non-processed blood products in %. Also, describe, whether all supplied
blood products must be processed mandatory or user (physician or hospital) can chose
one).

ANSWER:

Supply of pathogen reduced blood products by countries:
In our letter of 31.3.2008 to you, we indicated in Table 1) the list of countries, where the

Theraflex MB Plasma has been registered and used in clinical routine. Below you will find
a table of the countries with the actual quantities of plasmas treated in 2007 and the
percentage of the total therapeutical plasma units treated by Theraflex and/or by other

methods.
Geschaftstinrer: Deutsche Bank AG Oresurer Hars
Peler Kremmers Bz 505 7009 - k1d 781 777 8oc BLZ: 500 800 00 - KTQ. 926 600 00
Amsgericht Offenbach HRB 33620 8IC. DEUTDEFF505 BIC. DRFSDEFF

USTOM DE 119 109 474) 'BAN: DE46E06700180781777500 BAN: DEF 1 200BIGONGDIZEHNNN0
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Country Inactivation Quantity of % of % of inactivated
for plasma plasmas treated | Theraflex to plasma to
mandatory with Theraflex therapeutical | therapeutical

MB plasma plasma plasma

Argentina No 2000 - -

Belgium Yes 70000 100 100

Brazil No 2000 - -

France Yes (in future) | 150000 (in 2008) | 60 (in 2008) 100 (in 2008)

Greece No 8000 5 -

| Kaly No 34000 5 25
[ Malaysia No 300 - -

Russia No 17000 1 1

Singapore | No 1000 - -

Spain No 105000 44 69

UK No 9000 2 2

in Belgium and France the National Transfusion Services offer only pathogen re-
duced plasma products (in Belgium since 2004, in France conversion is planned

by 2009).

In all other countries the physicians and hospitals are still free to use their plasma
{pathogen treated or quarantine plasma) by themselves. However, the trend in

Europe goes clearly to pathogen reduced plasma products and pathogen reduced
platelet products.

Leukocyte reduction:

* The trend of blood fransfusion related side effect occurrence rate, such as GVHD, with

inactivation processed with leukocyte reduction and without leukocyte reduction.

ANSWER:

Please note, that leucodepletion of all red cells and platelets is mandatory in
Europe for ali countries since many years.
The number of febrile transfusion reactions has decreased since significantly after
Introduction of universal leucodepletion (see f.ex. M. M. Mueller et al.,

“Clinical impact of leucocyte depletion — what is the evidence?”; Science series
(2008), 3: 85-90). .
To avoid GvHD, blood products are still gamma-irradiated. However, it is expected,
that platelet pathogen reduction technologies, including the THERAFLEX UVC-treat-
ment by MacoPharma, will substitute gamma-irradiation of platelet concentrates.

Test:

The existing tests and/or processes, such as leukocyte filtration and NAT, which can be

omitted after inactivation implementation.

ANSWER:
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In the different countries where the process is implemented the quarantine storage is
omitted. This leads to be,iter logistics, reduced storage space, and immediate prows:on
of the plasma.

Neither leukocyte filiration nor any at the time of implementation of the MB procedure
used test for infection markers was stopped in any country. Nevertheless, the
implementation of new tests or tests with enhanced sensitivity, like single NAT was also
not done after introduction of the MB procedure.

Plasma:
In Europe the THERAFLEX MB-Plasma Procedure substitutes [eucodepletlon of
v plasma, since the membrane 0.65 pm filter is more efficient than a’plasma leucode-

pletion filter.

Platelets:

We expect, that the THERAFLEX UVC-Platelet Procedure will substitute in the future
both gamma-irradiation as well as bacterial screening.

We do not recommend any substitution of viral NAT-Testing for the moment

4. Post marketing surveillance:
(Specify the actual condition of the PMS including total number in each country):

ANSWER:

Post market surveillance is done by Blood Transfusion Services and by Hemovigilance

procedures installed in all European Countries with most experience available in the

U.K. and in France.

All European countries have ongoing Hemovigilance programmes for all components,
. which includes MB-treated plasma.

Additional, we have follow-up studies (like Phase IV Clinical Study on MB-Plasma

In France) or Publications on clinical use of Politis et al. [Vox Sanguinis, (2007);

Volume 92, Issue 4, Pages: 319-326], as already mentioned in our last letter to you

dated 31.3.08, under point 4.b).

We do hope to have answered clearly to all your questions arising on April 24™, 2008.
. If something is still unclear, please do not hesitate to approach us.

Sincerely yours,

ol

coPh Internat:onal GmbH 4 .
Dr. olfram Walke Dr. Ste an elchenberg 7

- Scientific Director - - Project Manager Pathogen Inaetivation -

Copy: - Mr. Gus Ribeiro, General Manager, MacoPharma Asian / Pacific Region;
-~ Mr. Hirotaka Nagase, AMCO Inc., Tokyo / Japan;
- Mr. Kenzo Watanabe, AMCO Inc., Tokyo / Japan
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BCT Japan #X &t EIZ

AA8REEERR - RERMAERERAZARE
EBMERERE2 (S HR)

1. EUZER%. §HOFELEHEBALTL AR ThEAOBEICE T BB ORE,
HmAmANFOLHRE(FELEHREZARLTOAHFIEHEALTLELRAO
EH) . FOSLFRFLEHEABLTOINE OB S LF%H, F1-. #RITEDELS
IZFFhh TS (B k. ERORLICLYEBTEIONE),

éi?iﬁﬁﬁ{**%ﬁﬁﬁﬁ Pathogen Reduction Technologies (PRT) MBFE N TH
Y, 3—OyNTIIENSATEEERAIA Y, SESFELTF@MERE TH YL TLVET,

—3 BEOMmMBNBOTES PRT NE A EZNIRETS CTRFESATHET,

Solvent Detergent 4138 (1990 £ FHIMSWNAWNALETCELIZERS)

Methylene Blue (2001 fELMSHIBICH T, 75V R ARA U, (53U 7 RECEEE
M) ;

Intercept Blood System(2006 fELIE CE v—/HF BEMSERICOVLTIZIIFRMER)
Milasol PRT System I&. 2008 (M #FME T CE T—VZMBFETY,

—2 BEOM/MMRLIBO TES PRT ZABERFEINTLNETS,

Intercept Blood System (2002 ££0) CE ¥—4ERIGLIEE. EITTSUR ARA R )LF
— LYz —E,RDI—T U OME L ZF—CREMICERSD)

Mirasol PRT System (2007 fE#¥(Z CE Y—IVMBEH  BET AU ARL A
AYFLhEEEOLOIDOMEL A—CREERICHEIT-FHBHBREERED)

SFEELT, I—0Oy/TIRBANICHFEBRIN T X TOMmM/MREHFD 5% PRT LEH

HWEhTEY. ChSOHFA~D PRT OEAIZBALM BRI HEEH R ITEXE

T, EUbHI/MRERIZOVDTEVELSLIUVEREZFELTWWAERIZIEK. 952K,
RNE— FANSUE, ARMUBRURREERILHYET,

PRT MIFFHEHO WA OHMBE LUEEICELTIE, PRT MEBAEDEVIZIYMARA

EHLRAYET, Mirasol PRT TOM/MRrEMITONER T 5T RE (LEBFRRIE 15 5L
M) T LOLBBEICMENTESI NS, MEEL2—0EE O MRK S HEORE
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TEO—EBELTHMAAD ENTEEXT, mll\ﬂ#ﬁwﬂiﬁlﬁﬁﬁft PRT NIBMNAIHET |
HY. MEL 42— PRT DBEADOEAEZERHBEANSOFTEICEHLETHIFTS
ZEhmlgRIziEYES,

BRETBLEH (PRT) ORAVHEEZZAET &£ TRTOEERKI PRT NEFEH
OmMBEHFNSHBEEERTDHEDEEZIET, LED>T RENICITATOMK
HADTFLRBINDLETLLY LML EFRDEEFIENIE, EHREEICITE
HBRDTHIC PRT RDIEBSh-HAZROZIBEZE., LLATRHESENITEVDH S5
ERHILITT, TDOHEMBELL T, BEEBRO=——XIT&HETH/MMER
DEED—EDEAFDH PRT REEITILHLENHAHTLES,

2. EHOFFLEFEERTINONM-EMBRBRELEToI-RE L. FELHENHE
AAL-MHIamRBREETHEM-IREEEELT. GVHDEOBIER DO #B
FEDESIETLDH, | ‘ ‘

FEDHBMRY TiX. MM #GVHDFRAIBIEL TH MmBKER %3 IE B MBkER X SH| D
FEEBMOEDEICOWT, BIELLELI-Ea—7 T —2IEHYEF A, MirasolT
FEEMBL-EFOBMER (B %, EEMNICLEBLEZRETETOX (Ml
GVHDOETFNELT)ISEAL-BPEROSR (L. BMEREREMESH TG M
FERAERASINEEES . HMEGVHDD FRFIZE LV TMirasol R E{LNEBAF N TH
HIEEBIEMISRLTLVES,

&5(2, PRTOIEICEI T 388D HERMD ST, Dr. H. Alter GkE B BERR
AD X, PRT2EET 5158 . BMBRIREZTHAEVEVSBRIFORMEB O BEED—
DELYIBS, ERBLTUVET , BMBRBREIESh TUOEWLRAIZERSh $Mirasol
FEBCHEMOSSEAMILICAIT T RRGARIKBREHBEINATHET,

BcAamBERBRENEEN - EAIPRTBERERFLEMIBERAINH5E OHMmE
GVHDD FRFELSER S TIE . RO ERZERIXBEICIntercept AR TREINTHEY.
Mirasol PRTIZEWTHREHRICAFAIBELLZY DD HYET , MIRACLE (Mirasol &R 5
). ChiFSoF LLLEERKERTY M. ZD—IR T, MirasolLEBSh - HA DK%
#(160/168*%) X MMATIH < HEBSIIESh THES T MilEVIDOEIRIEN HHE
Rish=-8&7IL—7 Tl VI7Lo AN @M M #F (MirasollLIBXh TLVELEAD
DAL (1221166)I2H R BBHMBINTVVET, ELoNHEF/ IL—Thobém
HOVIDIIMESN THYEE A, MIRACLEFSAZLORKRERIZ. SEORFICERT
SNBFETT,
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3. EUEEEICHEITHFFLE B RARTREIZZ>T-H# (BER. NATH)

CHO200FEMEKEIFNAULOERDOBIC. MAREMEZTETLHMIHMBEAS
NTEEL -, FOHEMEIF. Ao <RBs . QOBKRE. HiLLe—h—I2xd5mFE
FRE.BEOY—H—IIT HRBEINMFEZRE. NAT, TV T7-AH9)—=
UTY, —ERENEAShDIE BRBIITOBREEHET HLEITEETHA. —D
DOHE P24 RS T OBE T, HIVRERD NAT EAIZE#L FDA [CXkVYEFRIEh
FLlz, Chidk KREGZRERBEBBRTOAZLEATICKYZERShEL,

CD 20 ERYDEITBASA=CNoEHTD S HAHAINIEOIDOHEMIE, ELEA
ENTRIE PRTICRYBERASEIAIREEEZONET . MBEDREHL LUR
EHIGICET ST N(F—a3yT0— (KB REUHIBULE) X HoIREBHL
NITUTREIIEDEMITGYBRAHEETRTELTVET, E5IT BE 10 £ EORM
[ZNAT BREDOT— LY A XFELGEDL 10 LT EGYEL I, 2 TOMBRRAICEH
WT PRT AA—RMICEASh S & SEBMFIZIAMIRIZEEL T, NAT REDT—
WA ZXZLDRDEIBKRESIZRT EEEBLIBHINELIER A,

BTOHBESCEEEZT>TIKIZH-Y. TRERAECHREREZBROEREIINELGYE
L&S, ‘

4. EUZEEI=ETFELEFHEEBLTOINHOTREWMED RS WES)

Navigant Biotechnologies LLC ¥t & Gambro BCT #t(&. Mirasol PRT MIBZ{THo1-R G D
WMMORSMEETRFNICE=FI—THEVSTREFEORELFHELTLET (CE 7
—JDEBEDO—EELT), 2007 £ 11 BIZ3—Aw/ R PEREZELTIVAT Mirasol
PRT System MR ICEAIh TLIE. B HEEE T Mirasol PRT L% 17-1- 100 LLLD
I/MEREOHRMICEL TOREM T —4HIRESATEY, SHECOEHILRMHES
hET, 612, HMmEFHICHITS Mirasol PRT RBRIFOEGKRFERICETIEELT
—RERIRTAHAILEBNIC. BFT ANERTFLARFKINWEL-, REITHYEL
F=AS, H AT Mirasol OFFCLEIZELOFROE L OBFEELGAL. EEO®
BITEL-BYLGREEDEZS) VT HERICKRESNDISEEETTHERYET,
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(B%)BCT Japan RS EE (HIE). 2EEH L 23R)

Additional questions after the Joint Session of April 8
(same questions to each companies)

1. Update the current use status of each major EU nations where pathogen reduction
technology is known to be available: Total quantity of blood products for transfusion
(ratio of the total number of PRT-Pathogen Reduction Products- suppiied vS. non
PRT). How PRT products are supplied and distributed? (i.e. can they supply PRT
based on the demands from physicians or end users?)

Various Pathogen Reduction Technologies (PRT) have been developed and are in
various stages of evaluation and/or routine use in Europe.

- Three PRT methods are currently marketed for treatment of plasma: Solvent
Detergent (in use in various countries since early 1990’s"), Methylene Blue
(marketed since 2001 and routinely used in France, Spain, ltaly, UK), and the
Intercept Blood System (CE marked since 2006; status of routine use unknown). The
Mirasol PRT System is expected to receive CE mark for treatment of plasma in
2008. .

- Two PRT methods are being marketed for treatment of platelet concentrates: the
Intercept Blood System (CE Marked since 2002 and in routine use in a limited
number of blood centers primarily in France, Spain, Belgium, Norway, and Sweden),
and the Mirasol PRT System (CE Marked since late 2007 and currently under
evaluation for routine implementation in several blood centers in Ireland, Spain, Italy,
and the Middle East).

Overall, we believe that approximately 5% of all platelet products transfused in
Europe are PRT-treated, with a clear trend towards an increasing use of PRT for
these products. Countries with a high interest in and/or commitment to PRT for
platelets include France, Belgium, ireland, Spain, and various countries in the
Middle-East.

In terms of supply and distribution of PRT-treated products, the logistics vary by PRT
method. Because the Mirasol PRT procedure for platelets and plasma is quick (<15
min. total processing time) and easy to perform, the treatment may be conducted as
part of the routine component manufacturing process in the blood ceriter, or may be
performed immediately prior to issue of platelets and so allow a blood center to
supply PRT-treated components on demand. Given the broad benefits of PRT, all
patient groups would benefit from receiving PRT-treated components, therefore,
ultimately universal conversion to PRT is likely. However, expert opinion suggests
that different hospitals may have a different sense of urgency and/or ability to
request PRT treated products for their patients, hence blood centers may initially be
required to perform PRT on a portion of their platelet inventory to meet various

' Pelletier et al., Best Practice and Research Clinical Haematology (Elsevier), Vol 19: 205-242, 2006
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hospitals’ specific needs.

Is there any difference in the frequency of the occurrence of the transfusion related
side effects such as GVHD by the use of the pathogen reduced product
manufacturing methods when leukocyte reduced products and non leukocyte
reduced products are compared.

To our knowledge, no human data are available providing a direct comparison of the
effectiveness of PRT treatment of leukoreduced vs. non-leukoreduced components
in-preventing transfusion-associated (TA-) GVHD. Results from an animal model in
which human white blood cells (mononuclear cells) treated with the Mirasol PRT
System were injected into genetically immune-deficient mice (as a model for
TA-GVHD), indirectly support the effectiveness of the Mirasol PRT system in
preventing GVHD when applied to non-leukoreduced blood components?
Additionally, in a recent publication® on the merits of PRT, Dr. H. Alter (National
Institute of Health, US) indicated that discontinuation of leukoreduction was one of
several potential cost-saving strategies when implementing PRT. Various studies are
planned to further establish the Mirasol system performance when applied to
non-leukoreduced components.

In terms of prevention of TA-GVHD when applying PRT to already leukoreduced
components, actual clinical experience has been presented for the Intercept system,
and is now becoming available for the Mirasol PRT system as well. As part of the
MIRACLE (Mirasol Clinical Evaluation) trial, a randomized controlled clinical trial, the
majority (160/1687) of Mirasol-treated products were not gamma-irradiated prior to
transfusion, whereas the majority of reference (untreated) products (122/166) were
treated with gamma-irradiation, confirming that the patient group studied was
considered at risk for TA-GVHD. There were no reports of TA-GVHD in either patient
group. Complete results from the MIRACLE trial will be presented later this year.

Is there any technology becomes obsolete after introduction of Pathogen Reduction
Technology?

There are a number of blood safety initiatives that have been introduced over the last
20 or more years: Gamma irradiation, leukocyte reduction, serology testing for new
markers, enhanced serology testing for existing markers, NAT testing, Bacterial
testing. Typically, once a test is introduced it has not been allowed by regulators to
be removed; one exception is the dropping of P24 antigen assay that was allowed by
the FDA upon the introduction of NAT testing for HIV. This was achieved through
careful analysis of a large multi-center clinical trial.

2 Fast, et al., Transfusion 2006; 46: 1553-1560.
® Alter, Transfusion Medicine Reviews, Vol 22(2): 97-102 (relevant statement on bottom of page 100)

* Data submitted to Notified Body (KEMA). Based on this data the Mirasol System was granted CE Mark for

application to platelets on October 5, 2007.
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Potentially many or some of these technologies introduced over the last 20 years
could over time be replaced by PRT. The indications of the Advisory Committee on
Blood Safety and Availability (Department of Health and Human Services, US)°
suggested that Gamma irradiation and Bacterial testing were likely candidates.
Additionally, over the last 10 years the pool size for NAT testing has decreased
significantly down to < 10. With the general introduction of PRT for all components,
countries may consider a return to larger pool sizes for NAT testing with the
associated reduction in costs.

For any of the technologies to be dropped or their use to be modified it is likely that
Post Market surveillance and clinical trials will need to be conducted.

4. The investigation status on the post market approval status on the Pathogen
Reduced Blood Products in the major EU nations. Reality of the post market approval
investigation (number of inves{igated cases).

Navigant Biotechnologies, LLC and Gambro BCT Inc. have a commitment (as part of
the CE Mark certification) to conduct Post-Market Surveillance studies to continue to
monitor the safety of Mirasol-treated products transfused on a routine basis. Since
the Mirasol PRT system was officially launched in Europe, the Middle East and
Africa in November 2007, safety data have been collected on over 100 routine
transfusions of Mirasol-treated platelet products at multiple sites, and this activity
continues. Additionally, an electronic data capture system has been developed to
allow transfusion services to record important data regarding the clinical use of
Mirasol-treated products. Finally, we will be working with the authorities of countries

- interested in adopting the Mirasol process to ensure adequate safety monitoring is in
place according to local country needs.

Updated response to Question (4) from initial Q&A document:

(4) Reaction of the medical agent with other medical agent and its issues.

There have been no conclusive reports from in-vivo studies on drug interactions that
would raise any concerns related to the use of Mirasol. The information initially
provided to MHLW regarding a possible interaction of Riboflavin with Tetracycline and
Trimethoprim-sulfamethoxazole was based only on a review of the literature in which
primarily in-vitro studies suggested some potential effect with Riboflavin solutions.

A detailed report on this matter, specific to the Mirasol application, is being prepared
by independent toxicology experts and will be made available upon request.

s Thirty-third meeting of the ACSBA meeting, Washington, DC, January 9-10.
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BLOOD COMPONENTS

Mirasol PRT treatment of donor white blood cells prevents
the development of xenogeneic graft-versus-host disease in

-

Rag27'yc

double knockout mice

Loren D. Fast, Gilbert DiLeone, Gene Cardarelli, Junzhi Li, and Raymond Goodrich

BACKGROUND: Mirasol PRT (Navigant Biotechnol-
ogies) treatment utitizes exposure to light in the presence
of riboflavin to introduce irreparable lesions to nucleic
acids thereby inhibiting pathogen and WBC replication.
The ability of Mirasol PRT-treated mononuclear cells
(MNCs) to generate xenogeneic graft-versus-host dis-
ease (GVHD) responses was used to model transfusion-
associated GVHD (TAGVHD).

STUDY DESIGN AND METHODS: Pairs of human
MNCs from five different individual donors that had or had
not received Mirasol PRT treatment and contained

30 x 10° CD3+ cells were injected intraperitoneally into
sublethally irradiated (350 cGy) Rag2~~yc™ double-
knockout mice. Recipient mice were weighed and
observed regularly and euthanized when they exhibited
symptoms of GVHD or at termination of the experiment.
Recipient lymphoid compartments were collected and
phenotyped for the presence of human lymphoid cells.
The presence of human cytokines and/or immuno-
globulins in the recipient plasma was also used to detect
the presence of human cells.

RESULTS: Twelve of 14 mice injected with untreated
cells developed xenogeneic GVHD, whereas 0 of 14 mice
injected with Mirasol PRT—treated cells developed
xenogeneic GVHD. End-stage xenogeneic GVHD in the
recipients of untreated cells was characterized by the
presence of splenic human cytolytic CD4+ and CD8+
cells, with high levels of interferon-y, interleukin-10, and
xenoreactive antibodies in the plasma.

CONCLUSION: Mirasol PRT treatment of the donor
MNCs abolished xenogeneic GVHD responses, indicating
that the use of Mirasol PRT treatment of blood products
should prevent the development of TAGVHD.
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he presence of white blood cells (WBCs) in trans-

fused blood products is a significant contributor

to the immunologic consequences of transfu-

sion.'” The immune responses resulting from
transfusion include donor antirecipient responses such
as transfusion-associated graft-versus-host disease
(TAGVHD), graft-versus-tumor responses, and produc-
tion of cytokines. Recipient antidonor responses can be
induced by direct presentation of antigen by donor WBCs
or indirectly after processing of the donor cells by recipi-
ent antigen-presenting cells.®> These responses include
elimination of donor cells, production of alloantibodies,
and the induction of immunoregulatory immune
responses that result in increased infection, increased risk
of tumor relapse, and increased survival of transplanted
organs. Because TAGVHD is almost always fatal, the
emphasis has been placed in the development of proto-
cols that prevent TAGVHD. The severity of TAGVHD has
made it impossible to design clinical trials to test the abil-
ity of different protocols to inhibit the development of
TAGVHD. As a result, models of human in vivo immune
responses are being developed to test the effectiveness of
various protocols in preventing TAGVHD.

ABBREVIATIONS: PBST =phosphate-buffered saline containing
0.5 percent Tween 20; TAGVHD = transfusion-associated graft-
versus-host disease. '

From the Department of Medicine, Rhode Island Hospital/Brown
University, Providence, Rhode Island; the Department of
Radiation Oncology, Rhode Island Hospital, Providence, Rhode
Island; and Navigant Biotechnologies, Lakewood, Colorado.
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FAST ET AL.

Although a number of in vitro assays have been devel-
oped to measure the functionality of human WBCs, it
would be useful to develop a model that more closely
mimics the in vivo responses resulting in TAGVHD. Recent
studies have utilized the xenogeneic GVHD responses of
human cells when injected into immunodeficient murine
recipients as a model of TAGVHD.*® Initial studies found
that human WBCs injected into SCID mice lacking both T
and B lymphocytes were rejected by the murine NK cells
and macrophages still present in these SCID mice espe-
cially following intravenous injection of the human mono-
nuclear cells (MNCs).%? Depletion of murine NK cells or
macrophages from the SCID mice before injection of the
human cells resulted in improved engraftment of intra-
peritoneally injected cells. If a sufficient number of cells
were injected, the human lymphocytes were able to over-
come the recipient mediated rejection and attack the
recipient resulting in xenogeneic GVHD.® Recent studies
have shown that the use of Rag2”-yc”’~ double-knockout
mice that lack B, T, and NK cells as recipients accelerated
the xenogeneic GVHD response as a result of increased
human T-cell engraftment.*

Several different approaches are being developed for
inactivation of pathogens that could be present in blood
products. Mirasol PRT technology (Navigant Biotechnolo-
gies, Lakewood, CO) accomplishes pathogen inactivation
by introducing irreparable nucleic acid lesions by expo-
sure to light in the presence of riboflavin." An initial study
found that riboflavin plus light exposure functionally
inactivated WBCs when the WBCs were tested with a panel
of in vitro assays." The ability to generate xenogeneic
GVHD responses was utilized to test the functional ability
of Mirasol PRT-treated WBCs in vivo and as a surrogate
indicator for the efficacy of this treatment on TAGVHD
prevention. Pairs of Mirasol PRT-treated or control
untreated WBCs were injected into sublethally irradiated
Rag2~-yc~ double-knockout mice, and the development
of xenogeneic GVHD was monitored by regular observa-
tion of the mice and further immunologic analysis was
conducted when the mice exhibited symptoms of GVHD
or at the termination of the experiment.

MATERIALS AND METHODS

Preparation and characterization of human WBCs

WBCs were obtained from the leukoreduction chamber of
an automated blood collection machine (Trima, Gambro
BCT, Lakewood, CO) after standard apheresis collection of
platelets (PLTs) from five different volunteer donors. The
cells were separated into the MNC fraction with Ficoll-
Hypaque (Pharmacia, Piscataway, NJ) discontinuous
centrifugation and then placed equally into two PLT bags
containing autologous plasma. The test cells received the
Mirasol PRT treatment in 10 to 15 minutes after cell prep-
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aration as described.”! Control cells received no treat-
ment. The treated and untreated cells were then washed
three times with phosphate-buffered saline (PBS) con-
taining 0.1 percent fetal calf serum (FCS) and resus-
pended in RPMI 1640 containing 10 percent FCS. The cell
populations were sent via overnight courier to Rhode
Island Hospital. Upon receipt, the cell populations were
assessed for number and viability with trypan blue stain-
ing (all cells were viable). The cells were also stained with
a panel of antibodies to CD45, CD3, CD14, CD19, and
CD56 (BD Biosciences, San Jose, CA) as previously
described" to characterize the distribution of WBC sub-
populations present in each of the treated and untreated
donor populations.

In addition, the ability of the donor cells to proliferate
in response to mitomycin C-treated allogeneic peripheral
blood mononuclear cells (PBMNCs) as previously
described”? or to mitomycinC-treated xenogeneic
C57BL/6 spleen cells was tested in triplicate. The xenoge-
neic MLC was set up by mixing 100 pL of donor MNCs at
4 x 10° MNCs per mL with 100 pL of mitomycin C-treated
C57BL/6 spleen cells at 4x10° cells per mL in MLC
medium." The cells were cultured for 5 days, and then the
cells were pulsed with 1 pCi of *H]thymidine for 4 hours
before harvesting the wells to measure incorporation of

.the [*H]thymidine as a measure of proliferation.

Mice

Six- to eight-week-old Rag2~'-yc"~ double-knockout mice
were obtained from Taconic (Germantown, NY). These
mice were housed in the special suite for immunodefi-
cient mice in the Central Research Facility at Rhode Island

" Hospital. C57BL/6] mice were obtained from the Jackson

Laboratory (Bar Harbor, ME).

Analysis of GVHD response

The recipient mice received 350 cGy gamma irradiation
the night before the injection of cells. Each recipient
mouse was injected intraperitoneally with a treated or
untreated cell population containing 30 x 10° CD3+ cells
from a single donor (three mice per group). Recipient
mice were weighed twice per week and observed regularly.
One recipient mouse in the untreated group developed an
inner ear problem and was euthanized because it was
unable to get its head off the bedding. One recipient
mouse in the treated group died unexpectedly without
any symptoms of GVHD as evidence by weight loss or
splenomegaly when autopsied. There was no evidence
suggesting the death was related to injection of treated
cells. Recipient mice that demonstrated a dramatic weight
loss (usually >20%) and exhibited lethargy, hunched pos-
ture, and ruffled fur were euthanized. Blood was collected
by cardiac puncture with a heparinized syringe. The blood
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was centrifuged, the hematocrit (Hct) level was recorded,
and the plasma collected and stored at —20°C. The buffy-
coat cells were collected, and the remaining RBCs were
lysed with RBC lysis solution (Gentra, Minneapolis, MN).
In addition, spleen cells were obtained by dissociating the
spleen in PBS after weighing the spleen, marrow cells were
obtained by flushing marrow from the femurs with PBS
containing 1 percent BSA, and cells were obtained from
intestinal lymphoid tissue by dissociation in PBS. The liver
MNC population was obtained from the dissociated liver
cells by centrifuging the cells over a Ficoll-Hypaque dis-
continuous gradient and collecting the MNCs at the inter-
face and washing them twice with PBS. All mice that did
not exhibit GVHD symptoms were euthanized by Day 63
and a similar analysis to that described above was con-
ducted on these recipient mice.

Analysis of human cell chimerism

Cells from the various tissues were initially stained with
PECy5 or PE anti-human CD45 or isotype controls (BD
Biosciences) and then analyzed immediately for the pres-
ence of human CD45+ cells on a flow cytometer {(FACScan,
BD Biosciences). If the number of CD45+ cells present
were equal to or less than the number of positive cells
in the isotype control, the result was recorded as 0.0. If
human CD45+ cells were detected and sufficient cells
were present in a cell population, a second battery of
staining was done in which the expression of WBC sub-
population markers including CD3, CD4, CD8, CD14,
CD19, and CD56 (BD Biosciences) was measured. The
populations containing T cells were also stained for the
presence on CD107a on the cell surface, an indicator that
the cells were experienced cytolytic cells because this
marker is expressed on the cell surface after granule
exocytosis.'*’

Measurement of cytokines

The level of cytokines in the plasma samples were mea-
sured with the CBA human TH1/TH2 kit I and the CBA
human inflammation kit according to manufacturer’s
instructions (BD Biosciences).

Measurement of immunogiobulin levels

Ninety-six well flat-bottom microtest plates (BD Labware,
Franklin Lakes, NJ) were coated with goat anti-human
IgG-IgM-IgA-light chains(Biosource, Camarillo, CA) at
5ug per mL in 0.1 mol per L bicarbonate buffer, pH 9.6.
The plates were incubated for 4 hours at room tempera-
ture and then stored at 4°C until used in the assay. On the
day of assay, the plate was washed three times with Dul-
becco’s PBS containing 0.5 percent Tween 20 (PBST).
Human IgG and IgM standards were prepared from puri-

45

fied IgG and IgM (Calbiochem, La Jolla, CA). Serial twofold
dilutions of the standards were prepared in PBST starting
at 500 ng per mL and ending with 4 ng per mL. The stan-
dards or plasma diluted 1:4 or 1:8 were added to desig-
nated wells (100 uL) and incubated at room temperature
for 2 hours. After the plate was washed three times with
PBST, 100 pL of horseradish peroxidase-goat anti-human
IgG or IgM (Biosource) diluted 1:16000 in PBST were
added. The plates were incubated for 2 hours at room
temperature. After washing 3x in PBST, 100 pL of 1x 2,2’-
azinobis-(3-ethylbenzothiazoline sulfonate (Zymed, San
Francisco, CA) diluted in 0.1 mol per L citrate buffer con-
taining 0.3 percent hydrogen peroxide was added to all
wells. The plates were read at 405 nm on a enzyme-linked
immunosorbent assay (ELISA) plate reader after a 20-
minute incubation at room temperature. The levels of IgG
and IgM in the plasma samples were determined by com-
parison to the values obtained for the standard curves for
IgG and IgM.

RESULTS

The paired Mirasol PRT-treated and control untreated
donor MNCs were stained with trypan blue upon receipt
to measure viability. All cell preparations were found to be
100 percent viable. The cells were then stained with a
panel of antibodies to define the distribution of different
subpopulations in these donor WBC populations.
Although there was variation in the donor cell subset
distribution from donor to donor, no differences in-the
number of CD3+ cells were observed when untreated
(62.9+8.3%) were compared to treated groups
(64.3 £10.6%). The donor MNCs were also characterized
by testing their ability to proliferate in response to alloge-
neic and xenogeneic murine stimulator cells. The results
(Fig. 1) show that control donor cells that had not received
Mirasol PRT treatment were able to proliferate in response
to both allogeneic and xenogeneic stimulator cells and
these proliferative responses as well as nonstimulated
responses were completely abrogated by Mirasol PRT
treatment.

Recipient Rag2”-yc”’~ double-knockout mice that
had received sublethal irradiation (350 cGy) the evening
before were injected intraperitoneally with a treated or
untreated donor cell populations from individual donors
(n=>5) that contained 30 x 10° CD3+ cells. Recipient mice
were euthanized when they demonstrated symptoms of
xenogeneic GVHD such as more than 20 percent weight
loss (Fig. 2), hunched posture, and ruffled fur or when
the experiment was terminated. Assessment of clinical
parameters in recipient mice including spleen weight,
Hct, and the presence of human CD45+ cells in various
lymphoid compartments indicated that 12 of 14 recipient
mice injected with untreated cells displayed symptoms of
xenogeneic GVHD and 12 of 13 expressed varying degrees
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Fig. 1. Proliferative responses of Mirasol PRT-treated and
untreated donor cells to allogeneic or xenogeneic stimulator
cells. Five different paired sets of MNCs that had received Mira-
sol treatment (B and D) or no treatment (A and C) as responders
were incubated with mitomycin C-treated allogeneic PBMNCs
(A and B, 0J) or xenogeneic C57BL/6 spleen cells (C and D, 0) or
medium alone (W) for 5 days, and [*H}thymidine incorporation
was measured on Day 5. ’

of human cell chimerism (Table 1). In addition to exhibit-
ing human cell chimerism, the recipients injected with
untreated donor cells also exhibited increased spleen
weight (splenomegaly) and significantly decreased Hct
levels (Table 1).

In the cell populations from the recipient mice that
contained sufficient numbers of human CD45+ cells- to
analyze, samples of cells were stained with a panel of anti-
bodies to define the distribution of various WBC sub-
populations in the lymphoid compartments. The results
(Table 2) demonstrated that human T cells were the cells
that were primarily present in the spleen, blood, and mar-
row. B cells were primarily found in the liver and intestinal
lymphoid tissue. With the exception of one recipient
mouse in which CD56+ cells were observed, no reconsti-
tution with CD14+ cells (macrophages) or CD56+ cells (NK
cells) was observed in any lymphoid compartment.® The
cells were also stained with antibodies to CD4 and CD8
and the ratio of the percentage of T cells that were CD4+
to the percentage of T cells that were CD8+ T cells was
determined. The CD4:CD8 ratios in the recipients of
untreated cells from the different donors varied from
0.38+0.08t0 1.82+0.8ina donor-dependent fashion.

Acute GVHD and especially TAGVHD are character-
ized by cytolytic responses. To determine whether the
human T cells found in these mice exhibited properties of
cytolytic cells, the T-cell subsets from a subset of recipi-
ents were dual-stained with anti-CD107a, a marker of cells
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Fig. 2. The weight of recipient mice injected with untreated or
Mirasol-treated donor cells. The weights (g) of recipient mice (3
mice per group) injected on Day 0 with Mirasol-treated (- - -)
and untreated (—) cells from each of five donors (Panels 1-5).

that have previously mediated exocytosis of cytotoxic
granules.*® This staining procedure identified
41.1£16.7 percent of human CD4+ cells (n=8) and
45.5 1+ 20.2 percent of human CD8+ cells (n = 8) as express-
ing CD107a. This would suggest that both CD4+ and CD8+
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necrosis factor-o (TNF-o), IL-8, and IL-
TABLE 1. Characterization of immune responses and reconstitution in 12p70; and no IL-2 or IL-4 (Fig. 3).
mice injected with untreated or Mirasol PRT-l-treater MNCs n The measurement of human

Parameter Untreated donor cells reated donor t.:e S immun Ogl obulin levels in the plas ma

Number of mice with GVHD symptoms 12/14* 0/14* .

Day euthanized 51.8 + 8.2 days Not applicablet was a third approach to measure the

Number of mice with human cells 12/13% 0/14 presence of human lymphoid cell chi-

Spleen weight (gram) 0.27£0.27 0.07+0.07 merism. An ELISA to measure the levels

Het (%) 27.9+16.9 53.9+2.9 )

Percentage of CD45+ cells in of human IgG and IgM in the plasma of -
Spleen 26.8+19.8 0.0 the recipient found that human immu-
Blood 46147 0.0 noglobulins were only detected in
Marrow 49156 0.0 1 & f L. y L. d t,he
Intestinal lymphoid tissue 58.4 +28.4 0.0 plasma of recipients injected with
Liver 20.3+20.7 0.0 untreated cells (Table 3). To test for the

* One mouse was lost from a total of 15 recipient mice for unrelated reasons as detailed specificities exhibited by the human

R :l"de’ h;l::ft’enals.a‘ndtMe.thoc.is.m_ hibited GVHD ( ) :immunoglobulin, C57BL/6 spleen cells

one of the recipient mice in this group exhibi symptoms so mice were . . ) o
euthanized at the end of the experiment. were stained with a 1:10 dilution of the

1 One mouse that exhibited GVHD symptoms died before analysis could be conducted. recipients’ plasma followed by fluo-

rescein isothiocyanate-labeled anti-

human IgM or IgG. Flow cytometric
analysis of WBCs, RBCs, and PLIs was

lymphoid compartments

TABLE 2. The human lymphocyte subpopulations present in recipient

conducted by gating on the different
sized populations. The results of this

Total number of human CD3+/CD19+ cells (x10°)*

experiment (Table3) indicated that

analysis in each population.

Donor Mouse Spleen Blood Marrow Liver Intestinal there were high levels of [gM antibodies

1 4 65.0/0.0 0.3/0.0 5.4/0.0 3288 00/0.0 and lower levels of IgG antibodies bind-

1 6 0.4/0.2 0.01/0.06 0.03/0.4 1.5/6.1 0.7/0.2 . . e s

2 10 28002  0.04/0.1 0.1/0.2 0.2/1.1 0.1/0.5 low levels of antibodies binding to WBC.

2 12 1.5/0.4 0.2/0.6 0.7/0.7 0.3/1.2 0.7/5.3

3 16 0.08/0.4 0.06/0.07 0.1/0.2 0.2/21 0.0/0.0

3 17 0.09/04  0.04/0.06 0.1/0.1 0527  0.04/0.4 DISCUSSION

3 18 0.04/0.01  0.02/0.1 0.08/0.1 0.1/05 0.0/0.0 . .

4 22 1.3/0.4 0.1/0.02 0.2/0.1 2.0/6.6 0.4/0.01 Mirasol PRT is a novel technology for

4 23 4.2/0.3 0.2/0.01 0.2/0.01 0.0/0.0 0.3/0.01 pathogen reduction that has been

5 28 5.7/0.7 0.5/0.5 0.9/0.09  55/5.3 0.5/0.6 : o

5 29 35/0.2 02/005 1810 0000 0110 shown to effectively preserve PLT viabil-

5 30 4.3/0.09 0.3/0.0 0.4/00 0411 0.0/0.0 ity in a PLT recovery and survival clinical

* Each number is the product of the cell recovery in millions for each lymphoid trial." The validation clinical trial for its
compartment and the percentage of human CD3+ or CD19+ detected by flow cytometric efficacy and safety in thrombocytopenic

patients has just been initiated in

cells have mediated cytolytic activity via granule exocyto-
sis. CD4+CD25+ have been recently shown to contain
granzymes and mediate cytolytic activity against autolo-
gous cells.'®" Staining of a limited number of samples
with anti-CD25 found that less than 5 percent of the CD4+
cells expressed CD25, suggesting that the human CD4+
cells present in the spleen were not T regulatory cells.
Measurement of the levels of human cytokines in
the plasma of the recipient mice was used as another
approach to assess the possibility that human cells were
present but not located in the lymphoid compartments.
The plasma samples from recipient mice that had been
injected with Mirasol PRT-treated cells did not contain
any human cytokines. In contrast, the plasma samples
of mice injected with untreated donor cells (n=13) con-
tained very high levels of interferon-y (IFN-v); high levels
of interleukin (IL)-10; low levels of IL-5, IL-1B, tumor

Europe. During Mirasol PRT treatment,
blood products such as PLT concen-
trates are exposed to light in the presence of riboflavin
resulting in inactivation of a wide range of pathogens.'**
Because this process introduces irreparable lesions on
nucleic acids,” the treatment was also expected to affect
the function of WBCs. In a previous study, it was shown
that Mirasol PRT treatment of WBCs prevented their ability
to be activated, to proliferate in response to various stim-
uli, and to induce proliferation of normal PBMNCs." The
conclusion of these studies was that Mirasol PRT treat-
ment caused a complete functional inactivation of WBCs.
Several studies had previously shown that inhibition of in
vitro proliferative responses correlated with an inability to
generate GVHD.'** To confirm the inactivation of WBC by
Mirasol PRT treatment observed with in vitro assays also
prevented in vivo GVHD responses, the ability of Mirasol
PRT-treated cells to induce xenogeneic GVHD responses
when injected into Rag2” ™~ double-knockout recipient
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