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)Throm bomod ulin (TM) is the endothelial cell membra ne-bound anticoagula nt protein cofactor in the th rombin-m ediated activation of protein C. Previous evidence has been reported regarding the association between TM polymorphisms and corona ry artery disease. Allograft rejection-m ediated vasculopath y is the main cause of death at more than one year after heart transplan tation. However, whether TM polymorphism is associated with allogra臼 r吋ection is still unclear. We analyzed the TM gene polymorphism C 1418τ using allele-specific pri mers in a PCR assay in 60 pa tients who underwent heart transpla ntation . The retrospective clinical data were collected and tested for any correlations with the TM gene polymo1rphism. We separated the patients into 2 groups according to their TM genotype (group I : CC genotype grou p 2: CT or TT genotype).Additionally, we generated expression constructs (TM fuU lengtb-Cl418 and TM full length-T1418 ) and performed in vitro studies to explore the correlation between the TM Cl 418T polymorphism and the migra n of smooth muscle progenitor cells and monocytes, which may be involved in the development of vasculopathy. The results showed that the levels of CD68, C4dl, PAS, and Masson staining in the CTff T genotype group increased at year I and contin ued to increase th roughout the 3 years. These levels were higher than those observed in the CC genotype group. The ISIH LT-WF2004 grade of the CTff T genotype grou p was significantl y different from tha t of the CC genotype grou p at the same time point post-transplantation. The corona ry allograft vasculopa thy (CAV) score was significan tly different between the CC and CT/TT genotype groups at I and 3 years post-tra nsplantation .Our in vitro stud ies demonstra te that both smooth m uscle progenitor cells and monocytic TH P- 1 cells with either the CT-14 18 or the TT-1418 TM genotype have higher migratory abilities than cells wi th t he CC- 1418 genotype. Our results support a significant association between the TM Cl 418T polymorphism and the development of CAV after heart transplan tation in the short- to medi um-term .
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Since the development of organ 甘ansplantation medicine‘cardi ac transplantation has become the primary  strategy  to  combat  terminal  heart  failure.
However,  coronary  allograft  vasculopathy   (CAY),  a type of progressive coronary artery  d isease that  lead to  loss  of  heart   function,  occurs  i n  approximately I 0%  of  successful   transplants  each  year.   Imm une mechan i sms   and   chron ic   rejection   are   general ly thought  to result  i n  endothc:!l ial  injury  and  i nti mal hyperplasia, which mediate tlhe developmen t of CAY. l nevitably, the donor heart is attacked by the imm une responses  of  the  recipient,   includi ng  cell-mediated and    ant ibody-mediated     rej ection    of    endothelial cells,  resulting   in   an   increase   in   self-recogni tion
and chronic rejection. Activating lymphocytes may ecrete i nterferon-2、wh ich increases the expression
of	interccllular	adhesion	molecul e- I	and	t he adhesion of leukocytes to endothelial cel ls. A scric of imm une responses results』 in endothelial damage, intimal   hyperplasia,   vascular   inflammation,  and thrombosis  i n  the donor  heart. A ntibod y-mediated reje ct ion  often  develops  se:veral  months  to  year followi ng  heart  transplantation  and  is  associated with CAY development and decreased survival rate. Therefore   controllin g chronic  reject ion  is a  maj or strategy  to  prevent  the  occurrence  of  CAY  after heart transplantation. However, the real causes and mechan isms of chron i c rej ection and CAY must be elucidated.
Thrombomodulin	(TM )	is	a		single-chain transmembrane     glycoprotein		with		five    d istinct domains, and it plays an essential role in maintain i ng nomial    endothelial     cell		function		( 1 ).   Previou tudies  have shown  that abnormal TM  expression  i associated  with  many diseases in  h umans, especially cardiovascular	diseases	(2).		Polymorph ism	or m utation of the TM gene is considered to be a  factor in  abnormal  TM  expression. The TM  gene C l 418A (Ala455Val )    polymo巾hism    predicts    the   risk    of
developi ng  coronary  heart  disease  (3)  i n  African American   patients .  l n  contrast 、investigators  have
found that five mutations (GG-9/-1OAT G-33A 、and
C-133A ) identified  i n the promoter  region of the TM gene  may  constilllre  risks  for  myocardial   infarction
(4)  in  the  Ch inese   population .  The   G-33A   and C- l 33A mutations in the promoter region may drive the down-regulation of the TM gene and soluble plasma  TM   levels,   which   may   resu l t   in   carotid

atherosclerosis (5), venous thromboembolic d isease, and  the  onset  of  acute  myoca rdial  infarction  (6)
in   smokers.  Additionally、an   experimental   muri ne
model demons汀ated that the transgenic expression of human TM has anti-coagu lant and anti-i nflammatory e何ects, resul ting  i n  the  protection  of  al logra仇s (7). I n clinical identification, plasma-soluble TM levels are elevated in patient s who have undergone hemodialysis, while levels are sign ificantly decreased after kidney transplantation. Although the expression of TM  is a proposed endothelial damage biomarker and is associated with a llograft failure, there is l ittle evidence concerning the relationsh i p between single nucleotide polymo巾h isms in the TM gene and the development of chronic rejection after heart 甘ansplantation. Therefo悶，in this study, we analyzed the TM gene polymo巾h ism C l 418T using an allele-specific PCR assay i n 60 patients who underwent heart transplantation; we also collected retrospective clinical data concerni ng rejection and CAV status and tested for any correlations between rejecti on and the C 14 .I 8T polymorphism.

MATERIALS AND M ETHODS

Patients
The Institutional Review Board approved this study. and all patients gave informed consent prior to all procedures. From May 2003 to May 2008. a total of 60 patients underwent hean transplan tation and completed the 3 years of follow-up at the National Defense Medical
Center and Taipei Veterans General HospiLal in Taip剖， Ta iwan. All heart grafts were ofTercd by donors who were
suffering from bra in death.After hean transplantation, all patientsabstained from the use of tobacco and alcohol and were t reated with immunosupprcssant drugs, including
prednisone and eyclosporine. In general, patients take	、，
low dose of atorvastatin ( I 0-20 mg/day) after the transplantation were performed in our group. All patients rece ipted   everolimus   rrcatmcnt   (0.75   mg/po/b. i.d).
Before transplantation、none of the pat ients suITered from
human immunodeficiency virus infection. tuberculosis, cancer mental retarda tion. coagulation disorders. or immunodeficiency syndrome. and patients were not older than 65 years. Data were collected retrospectively from patiem chans and are presented as the mean value and the standard deviation of the mean .

Extrac  on of genomic DNA
Pe1iphcral leukocytes were isolated  from the blood
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samples of patients. Genomic DNA  was  purified  using the EasyPure genomic DNA puri自cation kit (Bioman Inc. Ta ip叭 Taiwa n). Cut-off pipette 1tips and wide-bore pipettes were used during the process to min im ize DNA breakage. Precipitated DNA was d issolved in  I X TE ( I 0 mM Tris, I  mM  EDTA, pH  7.9), and the puri ty and concentration of the DN A were determined using a Nanodrop 2000 spectrophotometer  (Thermo   Scientific.   Wilm ington, USA ).  Hiεh qual ity  DNA  was  reflected  by  a  consistent
260 nrn/280 nm absorbance ratio of 1.8-2.0. The genomic DNA solution was stored at 4。C until use.

Allele-

a success仇ii PCR process, 3 µL of the PCR product was digested with the Hyp1 881 enzyme at 37。C for 4 hours.
The digested products were separated by  electrophoresis on 3% agarose gels. Finally. visualization of RFLP was performed under UV l ight. A Hyp l 881 site is only present in the PCR product generated by the T allele not in that produced by the C allele. Therefore, we could easily differentiate between  the  two  polymo巾hisms  according to the digestion patterns. The PCR product produced by the T allele was cut into 196 bp and 18 bp fragments after Hyp 1881 digestion, but the 2 14 bp PCR product of the C allele remained intact.

We  developed  all巴le-specific  primer  PCR  (ASP． Quantitarion of biopsies by pa thological immunostaining

PCR) for detection of th•e C I 4 18T (Ala455Val) polymo巾hism  in  the  TM  ge:ne.  A  common   「orwa rd
primer,	5'-TCAGAGCC:AACTGCGAGTACC-3",
and two allele-spec的c rev1rse prime悶，C Allele 5'-ACAGTCGGTGCCAATGTGGCGTG-3" and T Allele
5'-ACAGTCGGTGCCAATGTGGCGTA-3，were  used.
Reactions were performed in a Biometra T Gradient thennocycler (Biometra、Goetti ng凹 Germany) with an initial heating at 95。C for 5 mi間 followed by 30 cycles of 95。C for 20 sec. 66。C for 20 sec, and 72。C for 30 sec、and a final incubation at 72。C for 5 min .A 332 bp ampl ification
product was detected. A control forward primer. 5'-TTGCAACCAGACTGCCTGTCC-3    and  a  control
reve的e  primer.  5 －CGCACGlrGCTGCAGCACTAC-3.,
were used to ampl i作 a 720  bp  什agment  contain ing the polymo叩hie site to serve as an i nternal positive ampIi自cation control. The products were separated by electrophoresis on I % agaros'e gels a.nd photographed under UV light. DNA containin g the C genotype generated a PCR product only when the: C allele-specific reverse
primer was incl uded in the PCR reaction﹔the T genotype S
DNA produced a PCR fragmcnt only when the T allele­ specific reverse primer was added into the PCR reaction.
Restrictionfragment length po ＼ no叩hism ﹛RFLP﹜
ana/i1sis
To further confinn the ge1notyping results obta ined from ASP-PCR, RFLP analysis  specific  for  the  TM CI 4 I 8T  polymorp hism  was   developed .   Briefly, PCR was performed with a forward primer 5'- CAACCAGACTGCCTGTCCAGC-3 ' and   a   mutated
reverse primer 5"-CAGTCGGTGCCAATGTG工CGG-3'
(the underlined  nucleotide introduci ng a C to A modification in the coding strand ) to introduce a restr iction
site for the H yp 1881 enzyme. Reactions were performed with an initial heati ng at 95。C for 5 m in  followed by 35
cycles of 95。C for 20 sec、58。C for 20 sec. and 72。C for
30 sec、and a fi nal i ncubation at 72。C for 5 m in, generat ing
an amplification product of 2 14 bp. After confi m1ation of

and ISHLT-WF2004 grades
A ntibody-mediated rejection (AMR) often occurs everal  months to  years  after  heart  transplantation  and is associated with the development of CAV (8. 9). The incidence of AMR is i ncreased in patients who caπy antibodies agai n st human leukocyte antigen (HLA). Therefore the serum titers of anti-HLA class I antibody and anti-HLA class II antibody were measured in the present study. Previous sn1dies have demonstrated that several immunopathological  indicators of A MR are required for diagnosis (9). Therefore. we analyzed C4d. CD68,  periodic  acid-Schiff  (PAS,  a  staining  method used to detect polysaccharides), and Masson staining (a staining method used to detect collagen) of the biopsy tissues to identify cases of AM R (9). To facilitate statistical analysis, we quantified the pathologica l immunostainiag with a numerical score (Table I). We also used the grading system of the International Society for Heart Lung Transplantation  (JSHLT-WF2004  grade)  to  determine the severity of rejection and translated the grade into a numerical score (Table II).

Quαntitation of cardiac αllograji vasculopathy grade
Coronary angiograms were performed  to  determine the grade of CAV. The quantitation of CAV was perfom1ed accord ing to a previous srudy ( I 0), based on the lesion and  the  severity  of  coronary  arterial  stenosis.  We  also
associated a numerical score with the grade ﹛Table Ill).

Eti=vme-linked immunosorbent assa11
Plasma was separated from fresh blood and stored at
-80。C until use. The enzyme-linked irnmunosorbent assay
(ELI SA) was performed to determi ne the concentration of TM in the plasma (PeliKine-Compact. Sanquin. Amsterdam , Netherlands).

Culture o_f smooth muscle progenitor cells and monocytic
THP-1 cells﹒
Peripheral	blood	samples   were   obtained	from
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healthy young volunteer who with CC genotype of TM, and  total  mononucl ear cells  were  isolated  by  density
gradient  centrifugation   with   Hi stopaque- 1077  (Sigma, St. Louis, MO、USA)  ( 1 1 ).  Mononuclear cells (Sx I 0月
were  then   resuspended   in   SmGM-2  (Lon泊   Atlanta,
GA, USA) and placed  i n 6-well plates coated with 2 mg/ ml collagen  type  I  (Becton  Dickinson、Franklin  Lakes,
NJ. USA). After 4 days of cultur ing, the medium was changed and non-adherent cells were removed﹔medium was replaced in fu ll every 4 days th訂閱fter. At 4 weeks,
subconfluent cell colonies were 1passaged and cells were subsequent ly cultured in SmGM-2 supplemented with 50 ng/mL recombinant human platelet-derived growth factor
(PDGF)-BB (R&D Systems, Enneryvil峙，CA 、USA) to
faci litate smooth muscle cell  differentiation.  Medium was replaced in full every 4 days therea fter. SMPCs were
identified  by  CD 13了，CD34',  KOR   (progenitor  cell
markers), calponin', SM-MH C，and  aSMA ﹒（smooth
muscle cell markers) using  immunofl uorescent  stain ing and flow cytometry. Only pure late-outgrowth SMPCs at passages 3 to 9 were used for sulbsequent studies. THP- 1 cells, a human promyelomonocyti ccell line, were obtained from the American Type Culture Collection (ATCC, VA, USA) and grown in RPM I 1640 medium ( 12). The cell density was maintained between  5 · I 04 to 8 · I O' viable
cells/m L、and the medium was refreshed every 2-3 days.

Construction of HA-tagged TM Fl -C/ 418 and TM 此，
T/ 418 expri臼·sion constructs
pCDNA3. I / VS-His-TM plasmid containi ng the open­ read ing 府ame of TM was a gift from Professor Chang Yu­ Jia at Taipei Medical University.To construct a HA-tagged TM expression plasmid, pCDNA.3. 1 I VS- H is-TM plasmid was first d igested with Sacl an d XhoL 自lied in using Kienow  fragment, and subsequently cloned in-frame  into
the Smal sites of the pXJN -HA v1ctor、wh ich contains the
chicken b globin 3’intron downstream of the promoter for
enhanced expression in ti ssue culture cells. This cons廿uct

million HSMPCs were trypsinized and resuspended in I 00 LI of Nucleofector solution. One microgram of the HA-tagged TM expression vector was transfected using the Nuc leofector electroporation device according to the manufacturer 這 instructions. Transfected HSMPCs were cultured in a 12-well plate. After transfection for 24 h, the confluent cells (2 x I 05/well) were wounded by scraping with a I 00 µL pipette tip, wh ich denuded a 300 µm strip of
the monolayer.The cultures were washed twice with PBS. Culture medium supplemented with 5% FBS, with or without I 0 ng/mL of SDF I a (Bioclone, San Diego, CA, USA), was applied, and the rate of wound closure was observed after 24 h. The width of the gap was measured under the 4 ' phase objective of a light microscope (OLYMPUS IX訓 USA), monitored with a CCD camera (Macro FIRE 2.3A), and captured with  a videographic system (Picture Frame Application 2.3 software).

Monocytic cell chemotaxis αSSαy
Monocyte  chemotaxi s  was  measured  using  24- well micro chemotaxis transwell plate (Coming Costar, Cambridge, MA, USA). The cells were suspended  at 2
· 106 cells/mL in RPM I 1640 medium  and  then  loaded into the  upper  chamber.  RPM!  1640 medium  containing I 0 ng/mL of the chemoattractant MCP-1 (R&D Systems, Emeryville, CA, USA) and I mg/m L  bovine  serum album in was added to the  lower  chamber.  The  lower and upper chambers were separated by a polycarbonate membrane (5  mm  pores).  The TH P  l  cells  were  left to
甘ansmigrate for 24 h at 37。C under humidified 5% co1
conditions.After incubation,the number of monocytes that had migrated to the lower compartment was determined by countin g the cel ls using light microscopy. Chemotactic activity was defined as a chemotactic index: the tota l cell number divided by the migrating cell number.
Statistical G”α（vses
We  separated  the  patient s  into  2  groups.  Group   I

was named pXJ N-HA TM FL-C 1418 and carries the "C ， contained the patients with the CC genotype of TM. while

genotype at nucleotide 1418. The pXJ N-H A TM  FL­ T 1418 construct, carrying the “T叫 genotype at nucleotide
14悶，was obtained using the p:XJ N-H A TM FL-C 141 8    as a template for Qu ikChange si惚 directed mutagcnesis
(Stratagene Inc.、Wilmington, DIE、USA). The method is
based on the sensitivity of the template plasmid DNA、but
not the PCR products of primers contain ing the desired mutati ons、to digestion by th e methylation-sensitive restriction enzyme Dpn l.

Cell wound-healing αssa_,.
The migration abil ity of HA-11agged TM FL-C 14 18 or TM FL-T\ 418 expression vector-transfcctcd H SMPCs was assayed in a monolayer dernudation assay ( 13). One

group 2 contained the patients with the CT or TT genotype of TM. All va lues were expressed as the mean ± SEM. Statistical evaluation was performed using Student s t-test and one- or two-way ANOVA followed by Dunnetrs test. For all statistical evaluations『 di fTerences in data with p-va lues  of  <0.05  were  considered  to  be  statistically
sign ificant.

RESU LTS

Perioperαtive surg ical c.:hαracteristics of pαtients undergoing heαrt rransp/ant αrion
The preoperative characteristics  of the patients
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significantly di 何erent between the 仇＂＇o groups (the CC genotype group mean was 9.0土2.2 days. and the CT汀T genotype group mean was 7.8土2.9 days). An unanticipated result was observed t hat the incidence of fever and average duration of fever in the  ICU were signi日cantl y hi gher in the CC genotype group (fever rate was 77.8%, and the mean duration of fever was 42.8±20.9 hours) than in the CTITT genotype group ( fever rate was 33.3%, and  the mean  duration
of fever was 17.3± 17. 1 h).
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in	heart

Thromb。m。dul in C1418T p。lym。rphism
Fig. I . The p l的na levels of TM in pati ents who had undergone heart Iran



were   col lected.   Patients    with    the   CC   genotype (n=36)  were  not  signi而cantly  d i 「feren t  from  those
with  the CT/TT genotype  (n=24) in  tem1s of a醉， body weight, height, ratio of d i lated cardiomyopathy
and	i schemic	cardiomyopathy,	hypertension, hypercholesterolemia、diabetes    mellitus,  peripheral
vascu lar disease, chron ic  obstructive  pulmonary disease,  cerebrovascu lar  stroke,   myocardial infarction,   k idney   insufficien句，cancer   and   donor   age. Although the preoperative left ventricle ejection fraction did not d i 叮叮 among the two groups,  the rates at which patients with 1Lhe CT月T genotype were ubjected  to the  use of an  intra-aortic ba lloon  ptunp or   extracorporea l   membrane   oxygenation    before the transplan tation were hi gher  than  those with  the CC genotype. Among the patients who  underwent urgery and were treated with CPB, t he  total  CPB times were  151 .6士25.6 andl   1 6 1 .0±28. 1  minutes for
the CC genotype and  the CT斤T genotype grou ps、
respectively.  I n  the  CC  genotype group   the  aortic
clamping  time  was   1 26.91土52.3  min utes  and  the esophageal temperature was maintained at 27.2土l 。c.
I n   the   CT汀T   genotype   group,   the   esophageal temperature  was  maintain1 d  at  26.9±2。C  and  the

Irαnsplantation pati ents
In our study  population,  the  percentages  of circu lating neutrophi ls, basophi ls, eosinophils, monocytes, lymphocytes, and platelets were not signi自cantly di仟erent between the two groups at any time point examined  post-transplantation (3 months, I  year, or 3 years). Biochemica l analyses showed that k idney function (blood urea ni汀ogen and creatinine), l iver 仇mction (alanine aminotransferase and aspartate   aminotra nsferase),  plasma   concentration
of the M B isofonn of creatine kinase  (CK-MB), the mean CK-MB va lue, troponin I level‘and lipid profile did not deteriorate after heart transplantation.
The level of serum anti-cytomegalovirus lgG and C-reactive  protein  (CRP)  were  also  determined. Al出ough  it  is  well  known  tha t  cytomegalovirus infection may induce an increase in CRP ( 14) and allograft  vascu lopathy,  there  was  no  di fference between 曲e CC and CT汀T genotype groups in the levels of anti-cytomegalovirus lgG. The CRP level were analyzed to mon itor systemic i nflammation. I n the CC genotype group, CRP levels did not change after hea11t ranspla ntation. over a monitorin g pe叫od of 3 months to 3 years. However. the CRP levels in the CT汀， T genotype group were i ncreased at year  I  and conti nued to increase throughout the 3 yea扒 post-  transplantation . This result  suggests that  the CT汀T genotype  may maintain  patients in a non­ sepsis state and a system ic inflammatory situation.

aort ic clampi ng t ime was  145.0士89.9 mi n utes. The mean number of packed red blood cells and heparin
received、the  drainage  loss、and  the  ischemia  time

The	CI4 J 8T	poly mo1phis m		does thromhomodulin		p lαsma	levels trαnspl αntation pa tients

not
;,,

affect heart

of the donor heart were not signifi cantly di何erent between the two groups. Fu rthermore the number or days spent in an intensive care unit ( ICU) was not

To  determine whether  the C 14I 8T polymorphism was	associated	wit h	system ic    TM	levels	i n
patien 心，ELI SAs were used to analyze plasma TM
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)Fi色.2. The eflects of the CI 4 I 8T po( vmorphism <if the TM gene 011 wound-healing αbility、in SM PCs and on chemotaxis in 1110110叮叮的‘A﹜ The、叫und-healing assay for el'C1f11ati11 g the effec t of the C1418T po 1·morphism of TM 011 SMPC migration. The SMPCs  rere tran.fected ll'ith pXJN-1 IA  τM FL-C/ 418. p丸JN-HA  TAI FL-Cl418 +pXJN-J/A  TM FL­
 (
、
、
)T/ 41成 or pXJ N- f-I A TM FL-T/ 418 construct for 14 h. followed by 10 ng/ml SDF- la treatmentfor 6 h be.fore wound scraping using a 200 ml pipelf e tip. The SMPCs mi但rati11g to the denuded area were coumed based on the bf ，αck bαse line. Photograph＼  rere taken 6 h a｝、ter  wnmd scraping. The cells thαt migrated into the denuded area were anαh-=ed and
the magnitude o/ SMPC migration 、1•as e\'(//uated hy co11111i11g the mi叉rated cells i11 six random clones under high power
microscope.field （ ﹒I 00). Dαta are expressed as the meanperce111age  何fative  to the nai"i·egroup value 土 SE   I across three
indi叩endent experi111e11ts. •P < 0.05 was cu11s1dered to hi! 『ignifica/1/ . 8) CI 4 ! 8T po 1·morphis111 of TM ujfec:ts MCP-1- induced c/1emota\·is of Tl/P- 1 cells. The THP- 1 cells were! tram/ected 的th pXJN-HA TM FL-C/ 4 悶，pXJN-1 IA TAI FL­ C1418+pXJ N- HA TM Fl-T / 418. or pXJN- f-IA TAI Fl-T / 418 constructfor 24 h. The d1emo1ac:1ic: ac:til ·i1· is expressed us the cl惚 notactic:  index.  叩 ＜ 0.05 was considered  to be .\ignifi caw. Trans／，世的ion of I IA-1a路ed empty plasmid  11·的 used as a co111rol group.
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Table I. The biopsy pathologi cal immunostainning corresponds 10 the quantilative score.

Biopsy

negative or normal

scatter, moderate, mild positive

focal positive

positive

Score

2	3	4

Table II.The ISHLT-WF2004 grade corresp onds to the quantitative score.


ISHLT-WF2004   grade	OR
Score	0


J R	2R	3R
2	4	6


ISHLT-WF2004 grade. International society.for heart lung lransplan tation.

Table 111. The cardiac allogra.ft vasculopathy correspond s 10 1he q11an1it αlive sco陀．
CAY score for each vessel stenosis

Level of stenosis

Normal Stenosis < 50%
Stenosis 50-70%
Stenosis 70-90%


Left corona[image: ]
0
3
6
9

Proximal 60% of LAO/Cx/RCA

 (
。
)2
4
6

Small 。branch
2
3

Stenosis >  90%	12	8	4
CAV: cαrdiac allogrαft vasculopathy  LAD: le.ft αn1erior descending arteη Cx: circumfi ， coro閥門 ar1e1y  RCA : right coronaηy αrteηλ




concentrations in the CC, CT, and TT genotype groups. As shown i n Fig. l , the TM plasma levelswere 58.24土30. 14. 62. 19士26.50, aind 53.99±23.96 ng/mL
in CC, CT, and TT genotype gmups, respect i vely.The differences between the CC, CT, and TT genotype groups were not statistica ll y s.ignificant.

The CTi丹T pαtients hαve higher biop sy pathology scores
Postopera的ve heart biopsy data are  listed  i n Table JV. The postoperative left ventricle 吋ection fraction did not di ffer betwee:n the two groups from
3  months  to  3  years.  The  percentage  of  biopsie that  were positive  for  both  anti-H LA  class  I  and anti-HLA class II  antibodies were  not  significantl y di fferent   between   the   CC   and   CTITT   genotype groups.   Although   card iac    function    was   similar across  the  pati ent   groups,  the   biopsies  of  heart tissue  showed  surpri sing  results.  The  quantitat ive cores  corresponding   to   th1e  biopsy  pathological
imm unostaining resu lts are l ·isted in Table I. ln the




CC genotype group, the scores for CD68, C4d, PAS. and Masson staining did not change from 3 months to 3 years post-transplantation. However, the levels of C4d, PAS and Masson staining increased in the CT/TT genotype group at year 1 and continued to increase throughout the 3 years post-tran splantation and were h igher than those of the CC genotype group. Even though  the ISH LT-WF2004 grade increased in the CC and CT汀T genotype groups, the grade was h igher and significantly d i 何erent in the CT.月T genotype group when compared to the CC genotype group at the same time point post-surgery. The CT/ TT genotype group exhibited a trend whereby the ISHLT-W F2004 grade increased with  the amount of time after transplantation. Add itionally, the CAY score was significantly di仟erent between the CC and CT汀T genotype groups post-tran splantation at I and 3 years post-transplantation . The plasma levels of cyclospori ne were monitored, and no di fference was found between the two groups at the same time point  post-surgery. These  results suggest  that  the
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Table IV. Postoperative heart-biop sy data in heart transplanta tion pa tients.


 (
、
、
) (
、
) 	th ro mbom odulin C l 418T eohcmorJ!b ism 		 cc		CT or γr	p v•lue
Posl-lransplantation	J months	I year	J ) ears	J months	I )Ur	3  ears	G-'	GS	G6	GS	G6 (G I )	(G2)	(GJ)		﹛G4)	﹛GS)	﹛G6)	versus	ersus  versus	ersus   versus
G I	G2	GJ	G4	G4
Heart fu nct ion
Ejection fraction	你1.9± 10.I	62.9士9.7	65.5± I 5.1	60.2主7ι	69.4±9.7	65.8±10.S	0.059	0.01-1	0.928	0.00 1	0.030
Serum donor-specific antibod·(% of p<JoSitivc for anri-1ILA antib叫ly)
Anti-II LA clui>電 l Ab	18	18	18	16	16	16
 A nt i-Ii LA clasi. II A b	15	1 5	15	12	12	12
Biopsy pat hological sen間
 (
。
)CD6R	1.1±0.4	1.3企0.7	1 .0±0.2	1.3±0.8	1.0.!:0.I	1.1±0.1	0.205	0.014	0 013	0.029	0.142
C4d	1 .4±0. 1	1.5±0.2	1 .3±0.2	1.1±0.5	2.0土0.4	3.1±0.5	<0.001  <0.001  <0.001  <0.001  <0.001
PAS	1 .0;!:().8	1.6盒 5	2.0±0.5	0.8.i0.2	2. 1±0.5	3.9±0.3	236   <0.001   <0.00I   <0.00 I    <0.001
Mson	1.1全0.7	1.3±0.5	1J企0.5	1 .2±0.4	2.7±0.6	3.1±0.2	0.529 <0.001 <0.001 <0.001 <0.001
1ntcrnatlonal score of rejectI。”
1SllLT-WF2004	0.7±0.J	1.6含0.7	1.9±0.8	0.8企0.5	1.9±0.:?	2.3金：0.6	0.337	0.0-16	0.04 1	<0.001  <0.001
叩悶 。r cardiac ullogran vaculoputb
 (
、
).tcnoM> score	2.1± 1.I	2.5:t:l.2	3.2企0.7	1.9± 1.5	3.4±0.9	5.3±2.7  。.55-1	0.020	<0.00I  <0.001 <0.001
Drug le cl
cvcl坐臨rmc	325.0金110.2 173.0重軒的.6 14 1.6±71<.8 305.9土 107.5 223.8金97.8 196.7士 161.0 0.509	0.054	0.126	0.003	0.005
lung transpla”ion. Values α陀 meα11土SEM. 。renc:es in datα with p- vafu es of <0.05 l\'e何 considered statistically

HLA: humαn leukocyte αntigen  PAS: Periodic Acid-Sc:hiff stαin ISH L下'
iffe

IVF2004 grade: International societyfo r heart

sig 11ifica111.





patients with the CT/TT genotype may have a higher r吋ection status and inflammatory response than patients with the CC genotype at 3 years a fter heart transplantat ion. The higher rejection  status i s most l ikely not mediated by an insufficient level of plasma cyclosporine.

Thrombomodulin is associated with smooth muscle prog enitor cell migration and monocyte chemotaxis Previous evidence has indicated that smooth
muscle  progenitor  cells  (SMPCs)  and   monocytc arc  associated  with  the  development  of  allograft vasculopat hy  ( 15).  Chemokines  (including  MCP­
I , RA NTES、SDF- 1 a  etc.) contribute to  vascular
remodeling by recruitment of circu lating SMPCs and monocytcs ( 1 6).  Therefore‘we  performed cell wound-healing assays and monocytic cell chemotaxis assays to evaluate the e何eels of the TM
C l 4 18T polymo巾h ism on SMPCs and monocytcs, respectively. As shown in Fig. 2A. treatment  of cells with I 0 ng/mL SDF- 1a  for  24  h  induced their wound-healing abilities  in  HA  tagged  empty
plasmid-transfected  SMPCs  (control﹔1 68.2士 12.3%
。「 na'ive).  Transfection   of   HA-tagged  TM   FL
expression  construct  in  cehls  with  the  CC- 14 1

gen 可pe had similar wound-healing abil ities to control cells ( 159.6土 16.8% of na'ive). I nterestingly, the migratory abiliti es  of  cells  with  the  CT- 1418 or TT-14 18 genotypes of TM were significantly increased compared with the CC- 1 4 18 gen 可pe group ( 196.9土25.3% of naYve and 2 13.5±23.7% of na'ivc,  respectively).
As shown in Fig. 28, the chemotactic index of TH P-1 cells was higher in the MCP- 1-chemotactic group (58.3土9.6) compared with the random migration group ( I 0.5士2.6). Transfection of the HA-tagged TM FL expression construct into cells
with the CT- 14 18 or TT- 14 1 8 genotype‘bu t not the
CC- 14 1 8 gen 可pe, might increase the chemotactic index (CC genotype group: 43.28土9.5﹔CT genotype group: 76.8±2 1 3﹔TT genotype group: 89.8土 10.2).
These resu l ts demonstrate that with the CT- 1418 or
TT- 1418 TM genotypes、both SM PCs and monocytic
THP l  cells have higher migratory abilities  than with the CC- 14 18 genotype.

DISCUSSION
I n this study、our statistical analyses demonstrate that the C L4 1 8T polymo叩hism of the TM gene may
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be a poten tial factor i n rejection and CAV i n heart transplantation patient s in the short- to medium ­ Lenn. Patients with the CC genotype had lower pathologica l biopsy scores, wh ich were associated with clear benefit s reflected i n their lower ISHLT scores. Add itionally, our in νitro studies demonstrate that a C to T transition at nucleotide 14 18 of the TM gene increases the mi gration of SMPCs and monocytes, which may  be  associated  with  the risk of CAV.
The TM protein contai ns. an N-lerminal globul ar domai n that is simi lar to C-type Jectins. TM plays a key role in regulating i nflammat ion and preventing the   activation    of    leukocytes.   Additional旬，TM might  prevent  the disn1rbance  of  endothel ial  cell by	suppressing	intercellu lar	vascu lar    adhesion molecule- I   (VCAM-1 )  produ ction.  A l though  the plasma  TM  level  might  be  a  rel iable  ind icator of vascu lar   endothelial   damage   ( 1 7)  and   systemic inflammation ,  previou s  reports  of  the   association between   a llograft   rejection   and  TM   are  rare.  A previous study showed  that. the lectin-like doma in of TM  interferes with complement activat ion   and con fers  protection  from  neutrophi l-mediated  tissue damage  ( 18).  TM  may  provide  protect ion  to  the cel l  by  increasing  comple1月1en t   factor  I-mediated inactivation   of   C3b   by   binding   thrombin	and preventi ng  the  activation  of  C5  ( 19).  ln  further
studies‘ana lysis  of  the  rellat ionship  between  TM
levels and immun i ty may lead to a more accurate understanding of al lograft r句ection .
ln the present study, w1e found that  the  blood level of TM was not significantly di 何erent i n the two groups, which  isconsistent with  the resu ltsof previous
tudies (20). As the TM  C I 418T polymorphism  doe not  change  the concentrati on  o「 TM  i n  blood.  the
plasma level of TM is not correlated with allograft vascu lopathy  in our study.  Since the  first  mutation i n the TM gene was identified (in a man presenting with throm boembolic d iseaise‘severa l other point mutations  in  the  TM  gene  have  been   identified,
includ ing G 127A, G236C、G543A、G 1456T.、and
C I 502T, in patientssufferin g from venous thrombosis and  cardiovascular  diseases  (21 ).  M utation  of  the
5' region  of the TM  gene (GG-9/- 1OAT‘G-33A、
C-133A)  may  resu lt  in  decreased   levels  of  TM   in plasma  and  is associated  wi th  myoca rdia l  infarction
(4). I nd i vid ua ls  especially young patients in Taiwa n、

with the G-33A polymorphism  ca汀y  a  higher  risk of  acute  myocardial   infarction   (22),  and  the  risk
is  仇1rther   increased   by  smoking  (6).  Similarly、in
Koreans,  the  G-33A  polymo巾hism  of  the  TM gene may be a genetic risk factor for myocardial infarction , as a resu lt of abnonna l promoter activi句 (23). ln the Japanese population, those with a haplotype consisting of A2729C and C 14 I 8T of the TM gene have a higher risk of developing deep vein thrombosis (24). However, previous reports on 出e relationship between  the  C I 41 8T  polymo巾hism and   the  occuπence   of  cardiovascu lar  disease  are
diverse. One study found that people with the err
dimo巾hism were at a higher risk of developing coronary heart d isease and had a lower survival rate after myocardia l infarction (25） however, Wu et al.
uggested 出at the incidence of err dimorphism was
race-dependent (3). The err dimorphism encodes an A la455Val mutation in the EGF-like domain of TM.
which may determine the level of TM i n plasma and mediate both its function and the activation of protein C i n the anticoagulant pathway. I n contrast some studies  reported   that  the  C 14 I 8T  pol ymorphism of the TM  gene did  not  decrease the plasma  level of TM  and  was  not  associated  with  cardiovascular d iseases (20). The 仇mction of TM may not be restricted to mechanisms  i nvolving  TA FI ,  protein C, and thrombin interact ion. Considerable evidence has demonstrated that several TM polymorphisms correlate with the occu付ence of cardiovascular disease. We are current ly the first group to show the correlation between the TM C I 4 I 8T polymo叩hism and the development of CAV. We arc also currently analyzi ng the relationship between other TM polymorphisms  and the occurrence of CAV.
I n our present study, we restricted our analysis to the genotype of the TM gene in the  recipients and ignored the genotype of TM in the donor graft. Therefore, we do not have the statistics for underlying i n們uences between those  two  groups. Although cl inicians believe that fever may be an early sign of acute allograft rejection after heart transp lantation during hospital ization. our study showed that fever occurred wi th lower incidence and was of shorter duration in patients with the CTffT genotype compared  to  those  in   the  CC  genotype  group.
However. many factors resu lt in post-operati ve fever, including  incision  trau ma‘i nflammatory   response
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of cardiopulmonary bypass, and reperfusion i吋ury. Fever, in an appropriate amount or degree caused by
inflammation、may be a sign of recovery. According
to our data、WC  predict that patients with the Cff
or T汀 genotype of the TM gene may not respond strongly to these stimu l i . CRP is synthesized by the liver (26) in  response to cytokine production by macrophages, the levels of which rise in response to inflammatory responses. Previous evidence has uggested that patients with elevated basal levels of CRP are at an increased risk of diabetes mellitus and card iovascular diseases (27). The occurrence and development of cardi ac allograft vascu lopathy were significant ly h igher i n patien ts with higher plasma CRP concentrat ion. Additional.旬 CRP was correlated
with the expression of lCAM - 1 i n endothel ia l cells、
suggesting that CRP may represent a peripheral marker of allograft i n flam mation (28). I n t h is study, the expression of CRP was higher in patients with the CT汀T  genotype compared to 的at of the CC genotype group. Previous data. are also interpreted as indicating that CR P is a potential marker of cardiac allograft vascu lopathy (28). A l though the correlation between the CTffT genotype of TM and increased CRP levels is unknown, we do know that patients with the CT or TT genotype of TM may suffer from higher levels of systemic inflam mation. Whether polymo叩hism  i n  TM   infl uences  the  product ion of CRP in hepatocytes, wh i ch mediates al lograft rejection, needs to be elucidated.lt is well known that the endothelium of a heart allograft will be damaged at an early stage by alloimmun i ty after transplantat ion . The endothelium of t he coronary artery  in  the donor graft  must  be  replaced  by  the
ci rculat i ng endothelial progen itor cells (EPCs) from the recipient﹔un fortunately, a lloreacti ve im mune response    inh i bits   both    the·   di何erenti ation    and
function  of  EPCs.   I n  contrast,  Andreas  Schober  et al.  had  demonstrated  the prese:nce of CD34/CD l 40b positive-SM PC   accumulation    i n    arterial    intimal hyperplasia   and   CAV   ( 15).   Pat ients   with   severe AV  had  increased  cell  coun ts  of  SMPCs,  and  t he presence of SMPCs was s甘ongly  correlated  with  t he
occu 阿ence of CAV ( 15). Until now、the mechanism
that   result   in   the   migration 、 recruit ment   and
accumu lat ion of SMPCs i n the donor hean have been
unclear. Many scientists have belicvcd that the levels of plasma CXCR4、SD F- l a ( 15) and pla telet-derived

growth  faetor (PDGF)-BB (29) are associated  with the  activity  of  SMPCs.  Moreover,  CXCL12  and CXCL4  may  regu late  vascular  repair  and  induce the  mobilization   and   recruitment   of  SMPCs  in injured vessels in animal models ( 16). Additionally. monocytes play critical roles i n the process of CAV development.  Therefore,  the development  of AM R can   be  confinned  by   CD68-posit ive  staining  of biopsy  specimens  (30).  Although   cytokines  may increase  cell  migration  and  chcmotaxis,  we  also found that the C l 4 l 8T polymo巾h ism of the TM gene regul ates the ability of cells to migrate. The C l 4 18T polymorphism  changes the 455th amino acid  from alani ne to valine in the TM protein sequence. These two amino acids are very similar i n nature. However, we  recently  demonstrated  that  TM  regulates  cell migration  through  domain  5, wh ich  interacts with the actin cytoskeleton and intersectin I. We specu late that the al teration of am ino acid 455 may influence the i nteraction of TM with the cytoskeleton, and we arc conducting studies to investigate this possibility.
I n conclusion, SM PCs and  monocytes with the CT or TT genotype at nucleotidc position 1418 of the TM gene have higher migratory and chemotactic abi l ity. Add itionally, we believe that the  lower CAV situation and better short- and medium-term outcomes for patients may be associated with the CC genotypeof the TM gene. Thrombomodulin genotype could prove to be a predictor of the occuηence of CAV and may lead to the development of promising t herapeutic approaches to prolong survival rate and li fe span in patients with a llograft vasculopathy after heart transplantation.

limitations
We  included  60 patients and  assigned  them  to two  groups:  the  CC  gcn  可pe  group  (36  patients) and  the CT genotype ( 18 patients)/TT genotype (8 patients) group.  ln  fact, i t  was verγ difficult to do th is i n a clinical  study  bccause of insufficient case numbers  in   Taiwan.  We   combined   t he   patient carrying the CT and TT genotypes  i n a single group and  examined  the  differences  compared  with  the
CC genotype group. Addi tiona lly、we only analyzed
the  polymorphism   of  the  TM  gcne  (C l 4 l 8T)  in recipients   and  we  still  do  not  know  the c何ects of
the  donor  heart  TM  genotype  on  graft  surviva l. Thercfore, in future stud ies、we intend to identify
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donor TM genotype, analyze more diverse cases, and follow up their long-term recovery. This approach should increase  the reliability of our statistics and may provid e a better pred ictiion of rejection when the recipients and donors have match i ng genotypes.
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