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Lymphocyte Reaction of Cord Blood

Lymphocytes: With Special Reference to Production of
and Response to Interleukin-2 (IL-2)*
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Autologous mixed lymphocyte re-
action (AMLR)! reflects a mecha-
nism by which T lymphocytes re-
gulate lymphocyte function? and
exhibit two classical attributes of
immune phenomena: memory and
specificity.® The T cellsactivated by
AMLR have been shown to have
helper,** suppressor®® and cytoto-
xic™™ activities. Interleukin-2 (IL-
2) has recently been found to be
closely related to the induction of
these effector cells, and the rela-
tionship between IL-2 and the T-
cell subsets defined by monoclonal
antibodies, such as OKT, and
OKT;s ¥ " in AMLR, has been dis-
closed.

Huber e al™® suggested the pos-
sibility that AMLR may represent
the response to xeroprotein deter-
minants adsorbed to antigen-pre-
senting cells during rosette forma-
tion with sheep erythrocytes
(SRBC). Considering this, we used
T cells and non-T cells separated by
a polystyrene resin column® in-
stead of by the SRBC rosetting
method; we analysed the prolifera-
tive response of T cells, produc-
tion of 11-2 and response to IL-2
in AMLR of cord blood lympho-
cytes in order to disclose the im-
mune status of human neonates.

MATERIALS AND METHODS

Isolation of mononuclear cells
Cord blood was collected im-

SUMMARY

In cord blood lymphocytes, the autologous mixed lymphocyte re-

action (AMLR) was decreased. In AMLR, cord blood T cells did not produce
IL-2 nor respond to 1L-2. This failure to respond seemed to be caused by the
failure of expression of Tac antigens (IL-2 receptors) and thus of absorption of
IL-2. The deletion of OKT3+ cells could not improve these |L-2 related abnor-
malities, suggesting that the activation of OKT, " suppressor T cells was not the
cause. The cord blood T cells seemed to have the potential to produce or re-
spond to 1L-2, just as adult T cells after stimulation with PHA. Phenotypic
characterisation of the stimulator cells, non-T cells, displayed no remarkable dif-
ference between cord blood and adult T cells. Therefore, decreased AMLR was
thought to be related to the defects of either the stimulatory function of non-T
cells or the recognising mechanism of responder T cells.
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mediately after uncomplicated
birth. Adult venous blood was
obtained from healthy adult volun-
teers. Mononuclear cells were

isolated from heparinised whole __

blood by Ficoll-Hypaque density
gradient centrifugation.?®

Separation of T cells and non-T
cells

Mononuclear cells (1x107) sus-
pended in 0.5 ml foetal calf serum
(FCS, Gibco) were incubated for one
hour on a 2-ml polystyrene resin
particle column (Asahi Chem, Inc.,
Japan)?® at 37°C. A T-cell-rich
fraction was eluted by adding to
the column 5§ ml of warm (37°C)
phosphate buffered saline (PBS)
containing 10% FCS. The remaining
cells were recovered by pipetting
the resin particles and washing out
the cells; they were used as non-T
cells.”?

Non-T cells (as the stimulators of
AMLR) were treated with mitomy-
¢in-C (MMC, Sigma Chemical Co.)
100 ug/ml for 30 minutes at 37°C
and washed three times with PBS.

Isolation of T-cell subsets

T cells (5x10% to 1x107 ) were
suspended in 0.5 ml of medium
RPMI 1640 supplemented with 5 ul
of OKT, or OKTs monoclonal an-
tibodies (Ortho Pharmaceutical
Corporation) and incubated for
one hour at room temperature.
After incubation, 0.1 ml of rabbit
complement was added to the cell
suspension and the cells were in-
cubated for another hour at 37°C
with occasional shaking. At the
end of the incubation period, they
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were washed three times with RPMI
1640 with 5% FCS. OKTg-treat-
ed T cells contained 80-90%
OKT,* cells and less than 3%
OKT;g* cells, while the OKT, -treat-
ed population contained 80-90%
OKTg* cells and less than 3%
OKT,* cells. Thus, we named the
former as OKT,* cells and the
latter as OKTg* cells.

Proliferative response of T cells sti-
mulated with autologous non-T
cells

T cells (5x10*) and MMC-treat-
ed autologous non-T cells (5x10%)
were suspended in 200 ul of RPMI
1640 supplemented with 10% FCS
in each well of 96-well flat-bottom
microplates (Nunc) and incubated
at 37°C in a 5% CO, atmosphere
for six days. The cultures were
pulsed with 1 uCi of tritiated
thymidine (C H-TdR) for the final
20 hours and harvested by filtra-
tion through glass filters, followed
by determination of *H-TdR up-
take using a liquid scintillation
counter. The data were express-
ed as the difference of the counts
per minute of cultures containing
T cells and non-T cells from those
of cultures containing T cells alone
(&cpm).

IL-2 production

T cells or T-cell subsets (2x10%)
and autologous non-T cells (2x10¢)
treated with MMC were suspended
in 1 ml of RPMI 1640 supplement-
ed with 5% FCS in 5 ml plastic cul-
ture tubes (Falcon 2054), and cul-
tured at 37°C for two days in a 5%
CO, atmosphere. At the end of the
culture period, the cells were re-
moved by centrifugation and the
supernatants were collected and
stored at -20°C until calculation of
IL-2 activity.*!

As positive controls, 2x10°% mo-
nonuclear cells were suspended in
1 ml of RPMI 1640 supplemented
with 5% FCS and 0.25% PHA-P
(Difco) in S ml plastic culture tubes
(Falcon 2054) and IL-2 samples
were obtained by the same pro-
cedure as described above.

Preparation of IL-2 dependent cul-
tured T cells

Peripheral blood mononuclear
cells (2.5x107 ) from healthy adult
volunteers were suspended in 50ml
RPMI 1640 supplemented with
10% FCS and 0.13% PHA-P in 75
cm?-style flasks (Falcon 3024 F)
and incubated at 37°C for five days
in a 5% CO, atmosphere. The cul-
ture medium was replenished with
RPMI 1640 containing 10% FCS
and an optimal concentration (5%)
of IL-2.22 Subcultures were prepar-
ed every four days. The propa-
gated cells were maintained for over
two weeks and used as IL-2-depen-
dent T cells.?*?3

Assay for IL-2 activity

1L-2-dependent cultured T cells
(CTC) were maintained over two
weeks in IL-2-dependent prolifera-
tive cultures, then washed free of
growth medium and resuspended in
RPMI 1640 medium with 5% FCS.
Added to 100 ul of the culture
supernatant to be tested were lx
105 cells (100 ul). The super-
natant had been diluted serially
(50%, 25%, 12.5%). Assays were
carried out in 96-well flat-bottom
microplates (Nunc). The cells were
incubated at 37°C in a 5% CO, at-
mosphere for three days. The
viable cells of each well counted
with the trypan blue dye exclusion
method were compared with those
of wells free of culture supernatant,
and the ratio was expressed as a
stimulation index (S.I.).

Besides the trypan blue dye ex-
clusion method, these cultures were
pulsed with 0.5 uCi of *H-TdR
after 36 hours and harvested by
filtration through glass-fibre filters,
followed by determination of 3H-
TdR uptake after an additional 24
24 hours’ incubation.?™?3 The
counts of the cells cultured with
the supernatant and those without
were compared.

Estimation of responsiveness to
IL-2

T cells or T-cell-subsets stimulat-
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ed with autologous non-T cells were
cultured for five days at 37°C in a
5% CO, atmosphere. Exogenous
IL-2 obtained from culture super-
natant of AMLR of adult lympho-
cytes (100 ul) serially dituted (50%,
25%, 12.5%) was added to 1x103
viable cells suspended in 100 ul of
the fresh medium. Assays were
carried out in 96-well flat-bottom
microplates (Nunc). The cells were
incubated at 37°C in a 5% CO, at-
mosphere for three days. At the
end of the culture period, the num-
ber of viable cells counted with the
trypan blue dye exclusion method
was compared with those of the
cultures with IL-2 and those free of
IL-2. The ratios were expressed as S.1.

At the same time, these cultures
were pulsed with 0.5 uCi *H-TdR
after 36 hours of co-cultures with
exogenous 1L-2 and then assayed
for *H-TdR uptake after an addi-
tional 24 hours’ incubation.

As positive controls, the T cells
stimulated with 0.13% PHA-P and
cultured for five days were also put
through the same assay system
described above and their response
to 1L-2 was also measured.

Absorption of IL-2

T cells (2x10%) stimulated with
autologous non-T cells and cultured
for six days were washed three
times with PBS and resuspended in
medium containing 1L-2 (culture
supernatant of AMLR of adult
lymphocytes) and incubated at
37°C for three hours. After in-
cubation, the cells were removed by
centrifugation, and 1L-2 activity re-
maining in the supernatant was
measured by adding the supernatant
to CTC. The 1L-2 activity was com-
pared with that of the control
supernatant without absorption
treatment.

The absorption ability of the T
cells stimulated with PHA and
cultured for six days was also mea-
sured for comparison.

Analysis of Tac (IL-2 receptor) ex-
pression

T cells (5x10% ) stimulated with
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autologous non-T cells or PHA and
cultured for five days were washed
twice with PBS and pelletted. The
pellet was supplied with 25 ul of
anti-Tac monoclonal antibody (a
gift from Dr. Takashi Uchiyama,
Kyoto University), diluted to I:
1,000 with PBS and incubated at
room temperature for one hour,
Then they were washed with PBS
and incubated with fluorescence-
labelled rabbit anti-mouse IgG (Cap-
pel) at room temperature for one
hour and washed again.?*?¢ These
cells were analysed on a fluo-
rescence-activated cell sorter(FACS,
Becton Dickinson).

Characterisation of surface pheno-
types of non-T cells

In order to characterise non-T
cells separated by the polystyrene
resin column, we examined the per-
centage of peroxidase positive,
OKM1*, OKMS5*, surface mem-
brane immunoglobulin (Smlg)* and
Ia* cells. Non-T cells (5x10°% ) sepa-
rated by the polystyrene resin
column were washed twice with
PBS and pelleted. The cell pellet
was supplied with 2.5 ul of mo-
noclonal antibodies (OKM1, OKMS5
and OKlal) and incubated with
25 ul of PBS with 0.01% sodium-
azide at 4°C for 30 minutes. Then
it was washed with PBS containing
0.01% sodium-azide and incubated
with 50 ul of fluorescence-labelled
rabbit anti-mouse IgG (Cappel) ata
dilution of 1:10 at 4°C for 30
minutes. After washing twice with
PBS containing sodium-azide, the
cells were resuspended in PBS with
50% glycerol. Smig* cells were
assessed by direct immunofluo-
rescence with a fluorescein-conju-
gated F (Ab’), rabbit anti-human
lIg. The percentage of positive cells
was determined under a fluores-
cence microscope.

RESULTS

Proliferative response of cord blood
, T cells stimulated with non-T cells

As shown in Table 1, AMLR was

significantly decreased in cord
blood lymphocytes as compared
with adult cells (P<0.01).

Production of IL-2 by cord blood
lymphocytes in AMLR

The culture supernatants of adult
T cells stimulated with autologous
non-T cells gave a proliferation of
CTC in proportion to their con-
centration, whereas those of cord
blood T cells usually did not, sug-
gesting the decreased production
of IL-2 (P<0.01) (Fig. 1-a).
Further analysis of IL-2 production
showed that adult OKT, " cells pro-
duced IL-2 but not cord blood
OKT,* cells (P< 0.01) (Fig. 1-b).
Neither adult nor cord blood OKTg*
cells produced 1L-2 (Fig. 1-c). The

Table I Thymidine incorporation by
adult T cells or cord blood T
cells stimulated with autologous

non-T cells.
Lepm
Adult (n=6) 1383.3 £409.4
Cord blood (n=6) 420.0+3858

T cells {5x10%) were incubated with MMC
treated autologous non-T cells (53(104} in 02
m! RPMI 1640 with 10% FCS for six days. Tri-
tiated tymidine incorporation was measured
during the last 20 hours of incubation. The
4O counts per minute are the mean £ 8.D. of six
experiments.

51

activation of OKT,s* suppressor T
cells was not considered to be the
cause of the impaired production of
IL-2 by cord blood T cells because
production was not recovered by
the deletion of OKTg™* cells.

The cord blood T cells stimulat-
ed with PHA produced IL-2 to the
same extent as adult T cells (data
not shown).

These results were compatible
with those obtained with regard to
3H-TdR uptake (data not shown).

Response to IL-2 by cord blood
lymphocytes

Adult T cells stimulated with
autologous non-T cells proliferated
in proportion to the concentration
of exogenous 1L-2 added, while
cord blood T cells did not, indicat-
ing the failure of response to IL-2
in cord blood lymphocytes (P<O0.
01) (Fig. 2-a). Assessment of re-
sponse to IL-2 by T-cell subsets re-
vealed that neither OKT,* cells nor
OKT,* cells responded to 1L-2 in
cord blood lymphocytes (P<0.01)
(Figs. 2-bc).

Both adult T cells and cord
blood T cells stimulated with PHA
were reactive to IL-2 to the same
extent (data not shown).

These results were compatible
with those involving *H-TdR incor-
poration (data not shown).
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Fig. I IL-2 activity of culture supernatant from T cells (a), OKT," cells (b) and
OKTg* cells (c) stimulated with autologous non-T cells.
Oty IL-2 activity of culture supernatant from adult T cells.
o——=@ : IL-2 activity of culture supernatant from cord blood T cells.
The results represent the mean + 8.D. of at least five experiments.
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Fig. 2 Response to IL-2 by T cells (a), OKT," cells (b) and OKTg"* cells (c) stimulat-
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ed with autologous non-T cells.
O———o0 : response to IL-2 by adult T cells.
o——a@ : response to IL-2 by cord blood T cells.

The results represent the mean * S.D. of at least five experiments.
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Fig. 3 1L-2 activity remaining in the supematant absorbed by adult T cells or cord
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blood T cells activated by AMLR.
¢o———e : IL-2 activity of control supernatant.
Oo——0 1 IL-2 activity of supernatant absorbed by adult T cells.
N - -2 activity of supernatant absorbed by cord blood T cells.

The results indicate the mean * S.D. of one representative experiment out of five.

KAWANO, ET AL, |

Absorption of IL-2 by cord blood
lymphocytes

In order to disclose whether the
function of IL-2 receptors is relat-
ed to the decreased response to IL-
2 by cord blood lymphocytes, we
measured the absorption of IL-2 by
cord blood lymphocytes.

1L-2 activity remaining in the
supernatant absorbed by adult T
cells activated in AMLR was signifi-
cantly lower than that of the con-
trol supernatant (P<0.01), whereas
that absorbed by cord blood T
cells was almost the same as that of
the control supernatant, which sug-
gested that IL-2 was not absorbed
by cord blood T cells in AMLR
(Fig. 3).

In contrast, the cord blood T
cells stimulated with PHA absorb-
ed IL-2 as well as adult T cells (data
not shown).

Tac expression of cultured cord
blood T cells

It has been reported that the an-
ti-Tac monoclonal antibody re-
cognises the antigen which is close-
ly related to the receptor for
human  T-cell growth factor
(IL-2)*?7 and Tac antigen is ex-
pressed on activated T cells.?%?
Therefore, we intended to confirm
whether the decreased response to
and adsorption of IL-2 by cord
blood T cells was the result of the
decreased expression of IL-2 recep-
tors.

In AMLR,-Tac* cells appeared in
certain numbers among adult T
cells (Fig. 4-a), while they did not
among cord blood T cells (Fig. 4-b).
PHA-stimulated adult T cells (Fig.
4c) and PHA-stimulated cord
blood T cells (Fig. 4-d) displayed
the appearance of the same number
of Tac® cells with the same fluo-
rescence intensity.

Phenotypic characterisation of cord
blood non-T cells

In order to know the difference
of cellular composition of non-T
cells as the stimulator of AMLR

- betweeen cord blood and adult T

cells, we examined the phenotypic
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Fig. 4 Fluorescence profiles of Tac expression of five-day-cultured adult and cord
blood T cells stimulated with autologous non-T cells or PHA.
(a) adult T cells stimulated with autologous non-T cells.
(b) cord blood T cells stimulated with-autologous non-T cells.

(c) adult T cells stimulated with PHA.

(d) cord blood T cells stimulated with PHA.

Table 2 Comparison of phenotypes of adult and cord blood non-T cells separated by

a polystyrene resin column.

T cells Peroxidase OKM1 OKMS5 Smlg Ia
staining
Adult 315466 446+45 344469 33.1t46 438+ 6.0
Cordblood  397+66 506+45 36756 286%24 462+10.1

The results represent the mean * §.D. percentage of positive cells in five experiments.

characterisation of cord blood non-
T cells. As depicted in Table 2, the
proportion of peroxidase® cells
(P<0.05) and OKMI1* cells (P<
0.01) was somehow higher in cord
blood non-T cells whereas we found
no difference in the proportion of
OKMS5* cells, Smlg* cells and Ia*
cells with regard to adult and cord
blood non-T cells.

DISCUSSION

AMLR is the proliferative re-
sponse of T cells against autologous
non-T cells. It has been reported
to be decreased in various diseases
including malignancy and auto-

1§ immunity 26732

This study was undertaken to in-

vestigate the immunological back-
ground ‘of the heightened suscep-
tibility of the newborn to severe in-
fections. Our data indicated that
AMLR was impaired in cord blood
lymphocytes, and we analysed the
reason for this phenomenon.
T-cell-rich fraction separated by
a polystyrene resin column contain-
ed SRBC rosette-forming cells 93.1
per cent + 3.1 (SD), Smlg* cells
fewer than | per cent, peroxidase*
cells fewer than | per cent, OKT,; "
cells 90.0 per cent + 2.6 (SD),
OKT,* cells 61.8 per cent + 3.5
(SD) and OKTg cells 31.3 per cent
+ 4.9 (SD); there was no significant
difference between the T-cell sub-
sets separated by this method and
those by the SRBC rosetting
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method. The recovery of T cells
was 77.4 per cent + 10.4 (SD). Ad-
ditionally, PHA-stimulated blasto-
genesis, helper and suppressor
activities directed at pokeweed mi-
togen-stimulated immunoglobulin
secreting cells and NK activity of T
cells separated by this method exhi-
bited almost the same response as
those of T cells separated by the
SRBC rosetting method. On the
other hand, the T-cell-rich fraction
separated by the nylon wool
column method contained 85.6 per
cent + 2.6 (SD) SRBC rosette-
forming cells, 2.8 per cent + 1.1
(SD) Smlg* cells and 3.4 per cent *
2.9 (SD) peroxidase® cells. The re-
covery of T cells was 71.6 per cent
+ 27.2 (SD). Therefore, we con-
cluded that separation by this new
method was superior to the nylon
wool column method with regard
to reproducibility of recovery and
purity of T cells and contamination
of Smlg* cells and peroxydase®
cells.  Furthermore, the culture
supernatant of AMLR by T cells
and non-T cells separated by the
SRBC rosetting method induced
proliferation even of resting T cells
bearing no IL-2 receptors, which
suggested the presence of stimula-
tory factors other than IL-2. In
contrast, the culture supernatant of
AMLR by T cells and non-T cells
separated by the polystyrene resin
column did not stimulate the rest-
ing T cells, suggesting that it con-
tained no mitogenic factors other
than IL-2 and it was suitable for
exogenous IL-2 on the assay for
responsiveness to [L-2.

It is known that HLA-DR anti-
gens in AMLR render resting T cells
sensitive to IL-2 and enable OKT,*
lymphocytes to respond to IL-1
and, subsequently, to produce IL-
2.3 Therefore, to explain the
decreased AMLR of cord blood
lymphocytes, the analysis was un-
dertaken to determine where the
abnormalities resided: in defective
production of IL-2 or failure of re-
sponse to IL-2.

The production of IL-2 from
cord blood lymphocytes in AMLR
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was impaired and it was not re-
covered by the deletion treatment
of OKTg* cells which might work
as suppressor cells.

The cord blood T cells in AMLR
responded poorly to IL-2. This
seemed to be due to the failure of
expression of IL-2 receptors and
the inability to absorb 1L-2. Neither
OKT,"* cells nor OKTg* cells res-
ponded to exogenous IL-2, sug-
gesting that neither types of cells
were activated in AMLR.

Previous reports**3* and our
data suggested that PHA-stimulated
cord blood T cells were good pro-
ducers of IL-2. PHA-stimulated
cord blood T cells also responded
to IL-2 and absorbed IL-2 well in
our experiments, which is compa-
tible with the finding of a previous
report that the proportion of Tac*
T cells in a PHA-stimulated culture
was nearly the same for cord blood
and adult T cells.?® .

Therefore, cord blood T cells
have the potential to produce and
respond to 1L-2 and it was suggest-
ed that the reason for the abnor-
malities could be traced to either
the non-T cells as stimulator for
AMLR or the recognition mecha-
nisms of responder T cells.

No definite remarks have been
obtained concerning the identifica-
tion of stimulator cell populations.
B cells,*¢ null cells*” and macro-
phages®” have been found capable
of triggering AMLR. Recent analy-
sis utilising monoclonal antibodies
indicated that OKMI1~, OKMS5*
cells*® or Mac 120* macrophages®
comprised the predominant subset
of stimulator populations. It was re-
ported that HLA-DR antigens
activate both IL-2-producer T cells
and IL-2-responder T cells in
AMLR.®V

Based on these remarks we in-
vestigated the phenotypes of cord
blood non-T cells such as cytoplas-
mic peroxidase activity, OKMI,
OKMS5 and la antigens. The pro-
portions of OKMS™* Smlg* and [a*
cells in cord blood non-T cells and
adult non-T cells were not signifi-
cantly different, although the pro-

portions of peroxidase® cells and
OKM1* cells in cord blood non-T
cells were slightly higher than in
adult non-T cells. Monoclonal an-
tibody OKMI recognises mnfono-
cytes, null cells and granulocytes,
whereas OKMS5 reacts only with
monocytes. Therefore, OKMS is
more specific for the cells of mo-
nocyte lineage than OKM].38:9041
Consequently, it was suggested that
monocytes or null cells may be
slightly increased in cord blood
non-T cells. A reduction by ad-
herence of peroxidase® cells or
OKM1* cells to the proportion
identical to that of adult non-T
cells did not improve AMLR in
cord blood lymphocytes. There-
fore, it was unlikely that the dif-
ference in the constitution of the
cells caused the defective AMLR of
cord blood lymphocytes.

AMLR is a process in which T
cells recognise self and display
various functions. The decreased
AMLR of cord blood lymphogytes,
therefore, may reflect immunologi-
cal status peculiar to the perinatal
period.

Although Huber ef al®® suggested
that AMLR may represent the re-
sponse to xeroprotein determinants
adsorbed to antigen-presenting cells
during rosette formation with sheep
erythrocytes, we excluded the pos-
sibility that SRBC might be picked
up during the separation procedure
by adopting an alternate procedure
for the isolation of T cells. Never-
theless, FCS used in the culture re-
mains an unresolved issue in this
study.
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