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Cytokine-enhanced mixed lymphocyte reaction (MLR) in cord blood
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SUMMARY

Although in cord blood (CB) transplantation gragrsushost disease (GVHD) is reported to be less
severe, GVHD may occur even in patients with HLA-identical sibling donors. This result shows that
HLA typing can not entirely predict GVHD. The standard MLR with CB cells was either normal or
slightly reduced compared with adult peripheral blood (PB) cells. We used two manipulations to
increase the responses of CB cells to allo-antigens. The first was to treat the stimulator cells with
cytokines, and the second to amplify weak proliferative responses by adding exogenous cytokines to
MLR cultures (modified MLR). The stimulator cells were treated with both interferon-gamma~)FN-
and IL-4. The responder cells were treated with both IL-2 and tumour necrosis factor-alphaTNF-

is still to be determined whether or not this cytokine-enhanced MLR could be a possible predictor of
GVHD. However, using these cytokines, 90% of CB could recognize allo-antigens, even if the standard
MLR was negative.
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INTRODUCTION sensitivity in the standard MLR test. We used two manipulations to
increase the responses of CB cells to allo-antigens by treatment of
the stimulator cells with cytokines, and to amplify weak prolifera-
tive responses by addition of exogenous cytokines to MLR cultures.

Graftversushost disease (GVHD), mediated primarily by T cells
and natural killer (NK) cells, is a leading cause of morbidity and
mortality after allogeneic bone marrow transplantation (BMT) [1].
Recently, reports of successful haematopoietic reconstitution by
transplantation with umbilical cord blood (CB) cells in haemato- MATERIALS AND METHODS
logic disorders have increased [2,3]. Clinical results suggest % .

ollection of samples

lower incidence of severe GVHD in children receiving HLA- . L
matched or HLA-1 antigen-disparate CB transplantation, COm_Human CB was obtained from normal deliveries by the Ob/Gyn

pared with those receiving allogeneic BMT [4]. However, a nursing staff. CB was collected in an acid citrate dextrose (ACD)

study in allogeneic sibling umbilical CB transplantation in children syringe following delivery of the infant and clamping and transect-

showed that grade [l GVHD may occur even in patients with HLA- ng OT the umbilicus. A.CD peripheral blood (PB) was obtained

identical sibling donors [5]. The explanation may be a mismatch Offrom informed cor!sentmg healthy volunteers. Mor_lonuc_lear cells

minor histocompatibility antigens [6]. (MNC) were obtalne_d from all samples by centrifugation over
To detect alloreactivityn vitro, DNA typing for HLA class | Ficoll-Hypaque gradients.

(A and B) and Il (DRB1) antigen has almost replaced the mixedMLR

lymphocyte culture (MLC) in BMT patients. Some studies have

identified certain HLA antigens associated with increased rates of rfStfr‘:dj_rdP'\élLRr ass;lgTh? (c):n; 'W?y sts;daéd MLS dterst v:llas

GVHD, but individual variations have been observed in BMT [7]. periormed. Versus 0 Versus Fb. Responder cetlls
Bishara et al. reported that the modified MLR by using (5x10%) were incubated with the same number of 3000 cGy-

cytokines was useful in selecting the most compatible BM.I_lrradlated stimulator cells for 120 h in round-bottomed 96-well

. . icrotitre plates in a humidified 5% GQncubator. The cells were
. Th h i . -
donor [8] e present study describes attempts to increase t Eulsed with 1 mCi®H-thymidine for 16 h, then harvested and

Correspondence: Eiichi Azuma MD, Department of Clinical Immuno- counted in a beta scintillation counter. Allogeneic stimulator
logy, Mie University School of Medicine, 2-174 Edobashi, Tsu-City, Mie Cells were chosen from an unrelated adult PBMC donor, although
514, Japan. HLA typing was not done.

© 1998 Blackwell Science 459



460 M. Umemotoet al.

1000 -

750

500

RRI (%)

250

100

L-2 —

L-2

4 +

6
L-2 —
L-2 -
L-2 -
L-2 -
L-6 -
L-6 -
L-2
L-2
L-2 —
L-2 —
L-2 —
L-2
L-2
L-2
L-2 -
L-6
L-6 -

|
q) [ ‘-:
£ P R [ e [ e s

T SToT > = T o T T T

SR1255222 TooE9s Y333 555558555885
STZE=ZSZEEE £2Z24d dzzzousussdddeel
) = FETDS €T T2z Shuewdzdzddzzzddo
c —B o 2 —oF =TT R F_ZFFFZZ"2
CoY T =~ oz — OO —F =~ >> = =>>27
B === °©° z<=29 A4 4R AN ZzZ2 T T T2z 5
=== 2 S =
- o - Z2 S i TR T4 A TR TR
= = = = TkEETm e
= o R
a2 QL g
s dAddD = =
=== o
‘:s
E
=
(a) (b) (c) 2]

Fig. 1. Up-regulation of the MLR in standard MLR-negative cases using cytokines. (a) The MLR was not up-regulated by pretreating the
stimulator cells. (b) Pretreatment of the responder cells did not up-regulate the MLR response. (c) Combination of (a) and (b). The changes
noted with cytokine treatment of cells for MLR analysis are very small and have a large deviation. *Exclusively, when the stimulator cells
were treated with IL-4 IFN-y and the responder cells were treated with tumour necrosis factor-alphadJiNH=-2, the relative response

index (RRI) was up-regulated to 245130% (meant s.e.m.,n=10)>100%.

Modified MLR assayMLRs were performed between samples index (RRI), which was calculated according to the formula: RRI
which were not reactive in the standard MLR test. (%) = ((test ct/min — autologous MLR ct/min)/standard MLR ct/
(i) Pretreatment of stimulator cells with cytokine&timulator ~ min)x 100. Any relative response index100% was considered
cells (5x 10°/ml) were incubated in a humidified 32, 5% CQ positive.
incubator for 72 h with the following recombinant human cyto-
kines alone or two at a time: ILed (Genzyme, Cambridge, MA; FACS analysis
3U/ml), IL-3 (Genzyme; 100 U/ml), IL-4 (Genzyme; 1000 U/ml), Expression of class Il antigens (HLA-DP, DQ, DR) on the surface
IL-6 (Genzyme; 1000 U/ml), interferon-gamma (IFNGenzyme;  of PBMC from volunteer stimulator cells was investigated by
1000 U/ml), tumour necrosis factor-alpha (TNE-Genzyme; fluorescence analysis. The mononuclear cells were incubated
500U/ml). The cells were washed three times, irradiated andvith FITC-conjugated IgG-negative control MoAb, FITC-conju-
then added to the MLRs. gated anti-HLA-DP (Leinco Technologies, Inc., Manchester, UK),
(i) Addition of cytokines to MLR cultureshe following anti-HLA-DQ (Becton Dickinson Immunocytometry Systems, San
recombinant human cytokines were added alone or two at a timdose, CA), and PE-conjugated anti-HLA-DR (Becton Dickinson).
to the cultures: IL-& (15 U/ml), IL-2 (Takeda Pharmaceutical Co. HLA-DQ expression was followed by FITC-conjugated goat
Ltd, Osaka, Japan; 18 U/ml), IL-4 (1000 U/ml), IL-6 (1000 U/ml), (Fall,) anti-mouse IgG (Becton Dickinson) for 15 min. After two
and TNFe (500 U/ml), and the tests were performed. washes cells were resuspended in 0-5 ml 1% bovine serum albumin
(iii) Combinations of (i) and (ii). (BSA)/ PBS and analysed using a Becton Dickinson FACScan flow
Cytokines at the above mentioned concentrations were addecytometer. A minimum of 5000 events were analysed for each
to MLR cultures (ii), performed with cytokine-pretreated stimu- sample.
lator cells (i). The MLR tests were performed in the standard
manner. Modified MLR using clinical samples from matched sibling
Every MLR culture was performed in triplicate. The standard We reported a patient with pure red cell aplasia, who was
MLR was considered positive when the stimulation index (Sl)successfully transplanted with umbilical cord cells from his
((allogeneic MLR ct/min)/(autologous MLR ct/min)) exceeded 3 newborn sibling [10]. HLA typing was identical to the patient
[9]. Results are provided in mean ct/min or as the relative responsand the standard MLR was negative. We performed the
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P<0-01

Sl

Standard MLR ct/min
/auto MLR ct/min

Modified MLR ct/min
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Fig. 2. Modified MLR using the most powerful combination with 1L44
IFN-y and tumour necrosis factor-alpha (TNff~+ IL-2 can significantly
up-regulate the stimulation index (SB€0-01).

pretreatment of recipient samples with cytokines (IL-3, IL-4 or
IFN-v).

Statistical analysis

Statistical analysis was performed using Studetésts;P < 0-05
was considered significant.

Table 1.Modified MLR positivity in standard MLR-negative cases in cord

blood (CB)
Stimulator Responder Modified MLR-positive cases/
pret. pret. total standard MLR-negative cases
IL-4 IL-2 2/4
IFN-y IL-2 1/4
IL-3, IFN-y IL-6 0/3
IL-4, IFN-vy IL-6 0/3
IL-3 IL-1q, IL-2 3/4
IL-3 TNF-q, IL-2 3/4
IL-4 IL-1q, IL-2 2/4
IL-4 TNF-q, IL-2 2/4
IL-3, IFN-y IL-1e, IL-2 9/10*
IL-4, IFN-y IL-1e, IL-2 7/10
IL-3, IFN-y TNF-, IL-2 7/10
IL-4, IFN-y TNF-«, IL-2 9/10*
IL-6, IFN-y TNF-, IL-2 2/4
IL-3, IFN-y IL-1e, IL-6 0/3
IL-4, IFN-y IL-1e, IL-6 0/3
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Fig. 3. Class Il MHC expression by the stimulator peripheral blood cells
treated with cytokines. The expression of HLA-DR was increased signifi-
cantly by IL-4+ IFN-y pretreatment: 14-3 0-7%versus10-3*= 1.6% in
cytokine and no cytokine pretreatment, respectively 0-05).

RESULTS

Standard MLR of CB and PB

When the proliferative response was expressed as the Sl, there was
no difference between CB and PB: (3:2-8 in CB = 74)versus

5.4+ 4.5in PB (= 16)).

Modified MLR in standard MLR-negative cases

Fifty-five out of 74 cases in CB were standard MLR-negative. A
modified MLR was performed using cytokines in these cases (Fig
1).

(i) The MLR was not up-regulated by pretreating the stimulator
cells.

(ii) Similarly, pretreatment of the responder cells did not up-
regulate the MLR response.

(i) Combinations of (i) and (ii): as presented, the changes
noted with cytokine treatment of cells for MLR analysis were very
small and had large deviation. Exclusively, when the stimulator
cells were treated with IL-4- IFN-y and the responder cells were
treated with TNFe + IL-2, RRI was up-regulated to 245130%
(mean* s.e.m., n=10)>100%. Moreover, modified MLR by
using this powerful combination could significantly up-regulate
the SI P<0-01,n=10) (Fig. 2). Nine out of 10 standard MLR-
negative cases in CB became positive by treatment of the stimu-
lator and the responder cells with IL43IFN-y and IL-1x + IL-2
or IL-4 + IFN-y and TNFe + IL-2 (Table 1).

Class Il MHC expression by the stimulator PB cells treated with
cytokines

One specific volunteer’'s PB was used in an MLR with CB. The
expression of HLA-DP and DQ did not increase with cytokine
pretreatment. However, the expression of HLA-DR was increased

*Nine out of 10 cases became positive by treatment of the stimulatoSignificantly by IL-4+ IFN-y pretreatment: 14-3 0-7% versus

and the responder cells with IL-81FN-y and IL-1o + IL-2 or IL-4 + IFN-
v and tumour necrosis factor-alpha (TNf—- IL-2, respectively.

10-3=1-6% in cytokine and no cytokine pretreatment, respec-
tively (P<0-05) (Fig. 3).
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Clinical samples with pure erythrocyte aplasia case has clinical benefit in deciding a GVHD prophylactic combination
The RRI of modified MLR between CB cells as responder samplege.qg. steroid, cyclosporine, methotrexate, antithymocyte globulin. . .)
and patient cells as stimulator samples with IL-3, IL-4 and H*N- because there are various grades of GVHD in a clinical setting.
were 140%, 0% and 0%, respectively. When the stimulator cell8ased on the results described here, the prospective study is
were treated with IL-3, RRI was significantly up-regulated. ongoing in unrelated CB transplantation in Japan.
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