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Accelerated acute cellular rejection (AR) continues to be a serious problem in kidney 
transplantation (KT), suggesting that undetected presensitization may be encountered. The 
purpose of this study was to determine the most sensitive crossmatching (XM) technique to 
detect the preformed antibody (Ab) which may cause AR. One hundred and twenty two sera from 
98 patients, on the waiting list for KT at Ramathibodi Hospital were XMed with 23 cadaveric 
splenic lymphocytes including 2 living related KT (LR-KT). The XM was performed by 3 
different techniques namely, standard microlymphocytotoxicity test (standard NIH), antihuman 
globulin microlymphocytotoxicity test (AHG) and flow cytometric XM (FCXM). The XM 
results revealed that 8 out of 75 (10.7%) tests were negative by standard NIH, i.e., 5 tests were 
positive by AHG only and 1 test was positive by FCXM only and 2 tests were positive by both 
AHG and FCXM. In addition, the patients who had the AHG technique were not done, 5 out of 47 
(10.7%) tests were also negative by standard NIH but were positive by FCXM. The sensitivity 
of the techniques was done by titrations of anti HLA-A2. It was found that FCXM was the most 
sensitive technique, followed by AHG and standard NIH, consecutively. In the retrospective study 
of LR-KT, case #1, the standard NIH for XM using pre-KT blood sample was negative while AHG 
and FCXM were strongly positive. The patient had AR at day 2 post-KT which confirmed by 
needle biopsy. The serum at day 11 and day 116 post-KT were tested again and were positive by 
the 3 techniques. Case #2, pre-KT blood sample showed negative T -XM by the 3 techniques while 
auto-B and B-XM were positive by standard NIH and AHG but negative by FCXM. This patient 
had rejection at day 16 after KT. The post-KT blood sample at day 30 showed positive auto T/B 
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and T/B-XM by standard NIH and AHG whereas it was still negative by FCXM. It was also 
noted that Ab to donor B cell was better detected by standard NIH and AHG than FCXM. 

In conclusion, FCXM is more sensitive than standard NIH and AHG, however this 
technique is limtted in detecting IgM T and B cell Ab. AHG technique can detect both IgG and 
IgM antidonor T and B cell Abs. In addition, AHG technique is more sensitive than standard NIH 
and does not require sophisticated equipment. AHG technique should be appropriate for routine 
XM, especially, in LR-KT and sensitized patients. 

Kidney transplantation (KT) is the pre­
fered treatment for most patients with end-stage 
renal failure. Despite the ever increasing success 
of renal KT, rejection of the graft remains a major 
problem after KT, especially in cadaveric KT sug­
gesting that undetected presensitization may be 
encountered( 1-4). Incompatibility between donor 
and host for antigens of MHC as well as the endo­
thelial cell antigen system or multiple minor histo­
compatibilities may lead to graft rejectionCl ,2). 
Current pre-KT testing of donor-recipient compa­
tibility using standard microlymphocytotoxicity test 
(standard NIH), the conventional serological tech­
nique has shown a somewhat limited capability to 
predict the prognosis for graft rejection after KT. 
Early graft loss (3-6 months) continues to be a 
major problem. With standard NIH crossmatch 
(XM), six-month graft survival was 20 per cent in 
recipients with positive pre-KT antibody (Ab)­
dependent cellular cytotoxicity (ADCC) and 75 per 
cent in ADCC-negative recipient (P<O.Ol)C3). Early 
efforts to improve graft survival led to the disco­
very that circulating antidonor Ab detected by the 
practical XM method(3). In this study, two more 
sensitive techniques, antihuman globulin micro­
lymphocytotoxicity test (AHG) and flow cytometric 
XM (FCXM), were compared with the conven­
tional serological technique and their relation to the 
clinical outcome was evaluated. 

MATERIAL AND METHOD 
The patient sera and cadaveric splenic 

lymphocytes from negative standard NIH pairs were 
selected for study. A total of 122 sera from 98 KT 
patients ( 1-4 sera/patient) and 23 cadaveric splenic 
lymphocytes XMes and 2 living-related KT (LR­
KT) were studied for XM techniques by FCXM 

and/or AHG test(4,5,7,8). The reaction was com­
pared with standard NIH. Seventy-five samples 
were tested by the three techniques whereras the 
remaining samples were tested by standard NIH 
and FCXM. The XM and autologous control were 
performed in triplicate for standard NIH and AHG 
techniques. The positive and negative controls 
were run parallel with the tested samples. The 
results were compared among 3 techniques related 
to the clinical symptom. 

The negative control sera were obtained 
from six healthy pooled AB sera previously tested 
for lymphocytotoxic Abs. The panel reactive Abs 
(PRA) less than 20 per cent aginst T and B lym­
phocytes were accepted. The serum previously 
tested with PRA>90 per cent was used for positive 
control. 

Lymphoprep TM (Nycomed Pharma, 
U.S.A.) was used for lymphocyte preparation by 
gradient centrifugation before further testing by 
standard NIH, AHG and FCXM. Rabbit antihuman 
immunoglobulin kappa light chain for AHG tech­
nique was obtained from DAKO, Denmark. Fluo­
rescien (FITC)-AffiniPure F(ab')2 fragment goat 
antihuman IgG, Fe gamma fragment specific was 
obtained from Jackson ImmunoResarch Labs, 
U.S.A. whereas Phycoerythrin-conjugated monoclonal 
anti-CD3 (PE-anti-CD3) and anti-CD20 (PE-anti­
CD20) for FCXM technique were purchased from 
Becton Dickinson Inc, U.S.A. 

Preparation of splenic lymphocyte 
The splenic material was kept in McCoy's 

5A (GIBCO, U.S.A.) containing 5 per cent HIFCS, 
1.25 per cent (v/v) ACD and 50 mg/100 ml DNase 
at 4 oc until processing usually not more than 24 
hours. The splenic cells containing media was 
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agitated in 3rC waterbath for 5-l 0 min before 
gra¢dient centrifugation(9). The total lymphocytes 
were harvested from the interface and adjusted to 
the concentration of 5.0xl05f100 !Jl using for 
FCXM. The T and B lymphocytes were isolated 
from total lymphocytes by nylon-wool column 
method followed by AET -rosette formation(9). 
Purified T and B lymphocytes were used for stan­
dard NIH and AHG techniques. 

AHG00) 
The antihuman globulin reagent was pre­

tested for the optimal dilution. The 1:50 dilution 
was used for AHG in this study. The T and B 
lymphocytes were separately tested against the KT 
patient serum, then washed with phosphate buffer 
saline (PBS) before antihuman globulin reagent 
was added. The strength of reaction was graded 
from the percentage of killed cells(9, 1 0). The scores 

Table 1. Crossmatching results of the three methods. 

Total No of Patterns of disagreeable reaction 

tested disagreeable N NIH AHG FCXM 

(%) T B T B T B 

75 g/75 (10.7) 5 - - - + - -

I - - - - - + 

I - - + - + -

I - - - + + -

47 5/47 (10.7) 4 - - NO NO + -

I - - NO NO - + 

ND= Not done 

~IH = standard rrucrolyrnphocytotoxiclt)' test 

AHG = ant1human globulin rmcrolyrnphocytotoxJcJty test 

FCX~ = flow cywmetry crossmatch 

Table 2. Sensitivity of FCXM, AHG and standard NIH techniques. 

Anti-HLA-A2 HLA-A2 cells crossmatching result 

Dilution FCXM AHG NIH 

!:I p p p 

1:2 p p P* 

1:4 p P* N 

1:8 p N N 

1:16 N N 'i 

1:32 N N N 

• = the highest titer of each method 

P =positive N =negative 

NIH = standard mJcrolymphocytolOxicity test 

AHG = antihuman globulin rmcrolymphocytotoxtclty test 

FCX~ = flow cytornetry crossmatch 
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Table 3. The results of three crossmatching techniques and autoantibodies in living related kidney trans­
plantation. 

Case #1 

Period of Crossmatching Result 

study NIH AHG FCXM 

T B T B T B 

28 days-Pre KT Test N N SP SP SP N 

Autologous N N N MP ND ND 

II days-Post KT Test SP N SP MP WP N 

(after rejection) Autologous ND ND SP MP ND ND 

116 days-Post KT Test SP SP MP SP WP N 

(after rejection) Autologous N SP WP SP ND ND 

Case #2 

Period of Crossmatching Result 

study N1H AHG FCXM 

T B T B T B 

225 days-Pre KT Test N WP N WP N N 

Autologous WP SP N MP N N 

28 days-Pre KT Test N WP N WP N N 

Autologous MP MP MP MP ND -ND 

30 days-Post KT Test SP SP SP SP N N 

(after ~jection) Autologous WP SP WP SP ND ND 

N,_= Negative WP= Weakly Positive MP= Moderately Positive SP= Strongly Positive ND=Not done 

NIH = standard microlymphocytotoxicity test 

AHG = antihuman globulin microlymphocytotoxicity test 

FCXM = flow cytometry crossmatch 

KT = kidney transplantation 

T = T lymphocyte B = B lymphocyte 

of 4, 6 and 8 were interpreted as positive reaction 
whereas 1 and 2 were negative. 

FCXM(7) 
One hundred microliter of sensitized donor 

splenic lymphocytes reacted with 50 f .. d of FITC and 
10 111 of PE-anti-CD3 for T lymphocytes or PE­
anti-CD20 for B lymphocytes. The reaction was 
read and dual-color flow cytometric analysis was 
performed by FACscan (Becton Dickinson, U.S.A.) 
(7). The positive FCXM should be greater than 2 

standard deviations (SD)(4,7). From the experi­
ments of 23 cadaveric splenic lymphocytes, 2SD 
of T and B lymphocytes were 21.79 and 41.97 
mean channel fluorecence (MCF), respectively. 

RESULTS 
The comparison of 3 different XM tech­

niques, standard NIH, AHG and FCXM, is shown 
in Table 1. It was found that the result of 67 out 
of 75 (89.3%) XMes were agreeable by 3 different 
XM techniques whereas 8 out of 75 (10.7%) were 
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disagreeable. There were 4 patterns of disagreeable 
reactions, i.e., positive reactions with both AHG 
and FCXM, AHG only, and FCXM only. One 
positive AHG and FCXM showed a different 
pattern of reaction, i.e., it was positive with B cells 
by AHG but positive with T cells by FCXM. In 
addition, 47 XMes were tested by standard NIH 
and FCXM. The XM result in this group was simi­
lar to the first group that 5 out of 47 (10.7%) XMes 
were disagreeable, i.e., they were positive by 
FCXM but negative by standard NIH. Four XMes 
were positive with T cells and one was positive 
with B cells by FCXM. 

The sensitivities of FCXM, AHG and stan­
dard NIH were tested by using two-fold dilution 
of anti-HLA-A2 tested against A2 cells (Table 2). 
The titers of anti-HLA-A2 were 1:8, 1:4 and 1:2 
by FCXM, AHG and NIH, respectively. 

The kinetic variations of Ab (pre-KT, re­
cently rejection and post KT) were studied in 2 
patients with rejection by standard NIH, AHG and 
FCXM (Table 3). In case #1, the positive reaction 
was not detectable by standard NIH at day 28 
before KT whereas strongly positive reactions 
against T and B cells were detected by AHG and 
against T by FCXM in the same serum. The patient 
developed AR at day 2 post-KT which was con­
firmed by needle biopsy. After rejection, the strong 
reaction was observed with T cells at day 11 and T 
and B cells by standard NIH technique at days 
116 post-KT. In case #2, auto-B cell Ab and B 
lymphocyte XM were detected in serum at day 225 
and day 28 pre-KT by standard NIH and AHG 
whereas FCXM was negative. The patient deve-

loped rejection at day 16 post-KT which was 
documented by 99mTc DTPA and 1311 Hippuran 
Renal Scintigraphy. The serum at day 30 post-KT 
was strongly positive with T and B cells auto-Abs 
and XMes by both standard NIH and AHG whereas 
it was still negative by FCXM. 

DISCUSSION 
AHG and FCXM are more sensitive tech­

niques in both qualitative and quantitative mea­
sures than standard NIH which was agreeable to 
the previous studies(4,7,8,10). The positive AHG-B 
cell/FCXM-T cell XM may be due to more HLA 
class I antigen presented on B than T lympho­
cytes rendering positive B cell XM with a sensitive 
AHG technique. FCXM is more sensitive than 
AHG, this technique can detect a very low Ab on 
T lymphocyte. However, FCXM technique is 
limited to the detection of IgG antibody(7,11). 

Previous studies showed that FCXM is 
useful for kidney retransplantation and LR-KT 
(9, 10). The lgM Ab, mostly from auto-Ab, that 
detected by AHG and standard NIH except FCXM 
seemed to have no effect on primary KT. The sen­
sitivity of FCXM in this study was not as high as 
other studies. This may be due to the presence of 
aggregated immunoglobulin that causes high back­
ground of MCF in autologous and test sera render­
ing low sensitivity of FCXMC7,12). However, the 
sensitivity of FCXM can be improved by ultraspeed 
centrifugation to remove aggregated immuno­
globulin(6,7). This study suggests that either FCXM 
or AHG should be used for pre-KT XM in both 
kidney retransplantation and LR-KT. 

(Received for publication on July II, 1997) 
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Accelerated acute cellular rejection (AR) tJ~LU'UurumY\ci~mnfJcil~5~lunTJLU~V'W1\il .Ynhi'm::vrwn-ll 

!:T~ilnTl\il'll "hJ w U.IJ ~ .t'l'UY1l'U 1 1..1 ~ th v ffi .1-lu m 1m::~1..1 m1fimmi~~ L 'I! 1..1 Yl" ::fimn'i Em 'lYllil l'liJ uYlilu 1::&Y1 il m w 

L .,:;iJ h11'll).Jl'lfl.yj"'l!:\il'll"'ll'liJU.fJij.Jl'UY1l'U.y\i1iJ~LL1h~~m"'lLU'Ul'llL 'f11i)'lliJ~ AR JlmiifJ~~l'Ul'U 1 22 lilliJcil~ "'lln~thv 
~l'Ul'U 98 11v YlLil'llvoEmiJ-lum'lLu~v'U1\ilYl 'lw:nmilu~ M1um'lY11ill'liJUrlUL'lfl'lLil\ilLiifJ\il'llll'lfil\ilii).J1 w1.ffv 

'lln~u~"'llFIYlL~voa'i\il~l'Ul'U 23 11v 'll).Jii~ Mfimn8iJ'W'f1~~'lliJ~m'lY1\ilmJUm'lLiln1..1 M 11..1~thvffi.J1um'lL u~v1..1 1\il 

"'lln~u~"'llFIYliloa'i\il (living related k1dney transplantation, LR-KT) 'i6m'lY1\ill'liJtJ(;h~1 Ylul).JlAmnillil~if 'i6m1 

\il'll"'lm\il'lSl'U (Standard microlymphocytotox1c1ty test, Standard NIH) 'iEm'l\il'll"'l1\'!Vl'll'ld~u5n~m (Antihuman 

globulin m1crolymphocytotoxic1ty test, AHG) LLl'l::'i5m'l\il'll"'l'!JUL'lfl'lffi 'f1mU'Un'l!:LL<l (Flow cytometnc crossmatch, 

FCXM) ~mnl'lY1\ilmlULL<l\il~h1L'i1'Ull 8 'llV ( 10.7%) "'llmf~'f-1)-J\il 75 'llV Y\h\'Wi'll'lU1\ilV Standard NIH i1 5 'llV 

h1wl'lmn.t'lv'i5 AHG LLi'l:: 1 'llvh1wl'lmn.l'lv'i5 FCXM LWV~iJcil~L~Vl ~l'\..1 2 'llVYlL'f1iiiJ h1wl'lmmf~ AHG LLi'l:: 

FCXM LLi'l!:L'UTl~).Jffi).J1.l.Ynm'lY1\il<liJU.l'lv'i5 AHG wu-l1 5 "llV ( 10.7%) "'llmf~'f-1)-J\il 47 "llvYl1"1-1mmu 1\'lv 

Standard NIH 1"!-1w"mn.t'lVlG FCXM LL"!:L~mlnm"lYllilmlUFill).J 1l'lliJ~LLI'i"::'iE.JlVnl'lL~iJ"'ll~JlL'f1iim'lfil\il Anti 

HLA-A2 U"llTl{]ll FCXM h1w"1lY\'llil 'lml'l~).JlAiJ AHG Lm:: Standard NIH \ill).J~liilu W""'llnm'lAmn8iJ'U'f1~~1'U 
LR-KT l'U'llV.yj 1 L'UJlL'f1iiiJ~rliJ'Unl'lLU~V'U 1\il Standard NIH 1~1'll).Jl"lfl\il'll"'lWU1Jij\ill'UY1l'U\iiiJ~U1"'llFIL'U'lJru:;Y\ 

AHG LL":: FCXM <ll).Jl'lfl\il'll"'lWU1Jij.Jl'UY1l'UI'iiJ~U1"'llF11.J ~thvu5L<l!l1\ilmh~L~VUW~'Ul'Ul'U.yj 2 'f1~~LU~V'U 1\il~~ 
ilm"l~'Utl'UW"IillV needle biopsy JlmiiiJ~l'Ul'U.yj 11 LL":: 116 'f1~~LU~V'U 1\il <ll).Jl'lfl\il"ll"'lWU.IJij\i]l'UYll'\..1 

\iiiJ~U~"'llF11-r"'llnm'l\il'll"'lJ~ 3 'iE L'U"llV.yj 2 JlL'f1iit:NrliJ'Unl'lLU~V1..11\ilL"l-1w""u\iimJ'l"lilLiiiJ\il'llll'lfU\il Yi-ii).J1vJfoffv 

1\'!Vnl'lYl\il<liJUJ~ 3 'iE l'U'IJru::Ylwu.tJ~.t'l'UYll'UI'iiJiillLm'llmLil\ilLiifJiil'llll'lfil\01 u-ii).J 1 vJf.Jrv LL"!:1Jij.l'l'UY1l'UI'iiJ 

Lil\ilLii!:llil'llll'lfU\il u-ii).J L vJfoffv L\ilVnl"lY1\il<lvU.t'lv'i5 Standard NIH LL":: AHG ~thvunL<lll1\ilvcil~L~VUW~'U 11..1l'U.yj 

16 'f1~~LU~V'U1\il JlL'f1iiv~l'Ul'U.yj 30 'f1~~LU~V'U1\il \il'll"'lWU1J~.t'l'UY1l'U\iivli1lL!:l~'ll!:l~LJ'l"\ilLiiv\il'llll'lfUiil YiLL"!: 

u-ii).J 1 vJf.Jrv LL"!:.IJ~.t'l'UYll'UI'imillilLiivlil'llll'lfillil YiLLi'l!:U-~).J t vJ1.ffv 11ilVnl'lY11il<liJU.l'lv'i5 Standard NIH LL"!: 

AHG 'llru::Y\'i5 FCXM tl~F1~1"!-1w""U!:l~L'li1..1L&i).J "'l~).J1lWU'llV-ll'U!:l~Ll'I).JiJll.fJ).J\ill'UY1l1..1\iim).J\'IL"!:l\'l'llll'lfU\'I 
u-ii).JtvJf'lfv <llm'lfl\il'll"'lWUL\ilVlD Standard NIH LL"!: AHG 1.J~n-:ilm'l\il'll"'l.t'lv'i5 FCXM 

«1u'i6 FCXM i1Fill).J1l).Jlnn-:il'i5 Standard NIH LL":: AHG LLI'in~iJcil~1"l'i5ifni1~\il~ln\'111..1m'l\il'll"'l 
1Jij.l'l'UY1l1..1'lfil\'l lgM \iimil\'!Liiv\'l'llll'lfu\01 YlLL"::U-~).J t vJ1.ffv AHG LU'U'i5Ylmm"ln\il'll"'l1J~.t'l1..1Y1l1..1 1.JJ~'lfu\'l lgG 

LL":: lgM J~\iiml'l"\'!Liiv\'l'llll'lfil\01 YJLLi'l!:U-~).JtvJf'lfv DnJ~ AHG i1Fill).J1l).Jlnn1l 'iS Standard NIH LL"::1~i1Fill).J 
.t'v~m"lLFI~v~:i4v~«~u'lfu'liv'W LLI'iv ci1~ L\01 ~~ L tl1..1'i E~L 'f1m::<l).J1 'Unl"lUl).Jl1 'li'l 'Unl"l\il"ll"'ll 'U~l'\..IU'l!:~ll'\..1 1\'IVL'-"Wl:: 

fJril~~~l'U LR-KT 'f11mJthVLFIV 1.1-lum'lm::~'\J 

* TliJWH:nB'imn, "iYO'fJ::l-i~fJiJLmh Tl"il-ILLY0'11fYml"iUTl. Tl1~LY1'W1 10400 

•• 1llFil'!1lWEJlDlY1m, i'1nJ::LLWY1EJI'llMI-f h~WEilUl<l"ill-JlDU~. Tl1~LY1W"1 10400 

••• <lfllUS~Ll'l1l-ITll"il~EI. FlnJ::LLWY1EJAl<!\il{A1"ll'li'WEilUl<l, Tl1~LY1W'1 10400 

•••• 1lli'1l'll'lA01EJI'llli\il{ l'lnJ::LLWY1EJI'lll'!\il{ h~WEilUl<l"ill.JlilU~. Tl1~LY1W'1 10400 

••••• h~WEilUl<lW"i::"ill·JLfi\ Tl1~LY1W'1 10310 
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