This article was downloaded by:

On: 16 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Journal of Publication details, including instructions for authors and subscription information:
e assay & http://www.informaworld.com/smpp/title~content=t713597271

Immunochemistry

A SENSITIVE IN SITU ELISA FOR QUANTITATIVE MEASUREMENTS
OF CYTOKINES AND ANTIBODIES SECRETED BY CULTURE

=== LYMPHOCYTES
® L= Yongliang Chen®; Zhikang Peng?
r Yy @ Department of Paediatrics and Child Health and Department of Immunology, University of

Manitoba, Winnipeg, Canada

Online publication date: 30 November 2001

To cite this Article Chen, Yongliang and Peng, Zhikang(2001) 'A SENSITIVE IN SITU ELISA FOR QUANTITATIVE
MEASUREMENTS OF CYTOKINES AND ANTIBODIES SECRETED BY CULTURE LYMPHOCYTES', Journal of
Immunoassay and Immunochemistry, 22: 4, 353 — 369

To link to this Article: DOI: 10.1081/IAS-100107400
URL: http://dx.doi.org/10.1081/IAS-100107400

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1081/IAS-100107400
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 36 16 January 2011

Downl oaded At:

J. IMMUNOASSAY & IMMUNOCHEMISTRY, 22(4), 353—-369 (2001)

A SENSITIVE IN SITU ELISA FOR
QUANTITATIVE MEASUREMENTS
OF CYTOKINES AND ANTIBODIES
SECRETED BY CULTURE
LYMPHOCYTES

Yongliang Chen and Zhikang Peng*

Department of Paediatrics and Child Health and
Department of Immunology, University of Manitoba,
532 John Buhler Research Centre, 715 McDermot Ave,

Winnipeg, Manitoba R3E 3PS5, Canada

ABSTRACT

Cytokines are usually measured using ELISA and ELISPOT.
We have developed an in situ ELISA by combining the advan-
tages of the highly sensitive ELISPOT and the quantitative
conventional ELISA techniques to measure cytokines and
antibodies secreted by culture lymphocytes. In this assay,
lymphocytes were cultured on ELISA plates pre-coated with
either a special antigen or mAbs against IL-4, IFN-y. The
caprtured lymphokines or immunoglobulins were subse-
quently measured by conventional ELISA procedures. As
a comparison, a conventional ELISA was carried out in
parallel. The in situ ELISA measured a 5-fold increase in
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354 CHEN AND PENG

antigen-stimulated 1L-4 and IFN-y, compared to the conven-
tional ELISA. It also rquired 10,000 times fewer lymphocytes
to produce a detectable level of antigen-specific antibodies
than the conventional ELISA. We conclude that the in situ
ELISA is much more sensitive than a conventional ELISA
and less costly and easier to perform than ELISPOT, pro-
viding a useful tool to quantitatively measure cell-secreted
molecules.

INTRODUCTION

Analysis of cytokine production by human peripheral blood mono-
nuclear cells (PBMCs), or animal lymphocytes, has been hampered by
technical difficulties because antigen-driven cytokine production in primary
cultures were frequently below the limit of sensitivity of the assay.(1-4) This
problem is more pronounced for cytokines such as IL-4 and IL-5, which
have been difficult to detect using a conventional ELISA. As well, in order
to meet the sensitivity of the assay for antigen-specific antibody secretion by
culture lymphocytes, a long-term culture, usually 814 days, is often
required.(5-7) These constraints have led investigators to develop alterna-
tive assays, such as cytokine mRNA analysis, or the derivation of long term
T cell clones.

The ELISPOT assay was originally described by Czerkinsky et al.(8)
and Sedgwick and Holt(9) as a method to enumerate antibody producing
cells and was later adapted to quantitatively measure the cytokine-secreting
cells.(10,11) It was suggested that ELISPOT was a more sensitive method
than conventional ELISA for characterization of cytokine secretion patterns
of different cell populations in vitro.(12) To date, the ELISPOT assay is
one of the most sensitive methods to detect cytokine production for a
particular single cell. One significant improvement of the ELISPOT has
been the introduction of a nitrocellulose membrane as a solid support for
the coating agent.(13) An ELISPOT assay in which plastic ELISA plates,
instead of the nitrocellulose bottomed 96-well plates, used for the detection
of cytokines, has been reported.(12)

A major limitation of the ELISPOT assay is that it requires serial
dilution of cells to obtain the appropriate number of cells in each well.
In addition, since the spots are enumerated by the examiner, it is possible
that faint and overlapping spots are counted incorrectly.(14,15) Although
computer-assisted video images may improve the objectivity and speed
of analysis,(16-19) the expense of such a device would limit its broad appli-
cation. Moreover, a large number of background spots are often present in
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unstimulated nitrocellulose-bottomed wells, introducing other problems for
the analyst.

In this report, we decribe an in situ ELISA which we developed
to quantitatively measure cytokine and antibody production by cultured
lymphocytes. It is more convenient and accurate than the ELISPOT and
more sensitive than conventional ELISA. We also investigated the sensitiv-
ity and reproducibility of this new assay by comparing our in situ ELISA
with the conventional ELISA for the detection of antigen-specific 1L.-4,
IFN-y, and/or IgG and IgGl1 production by lymphocytes in both animals
and humans.

EXPERIMENTAL
Mice and Immunization

BALB/c mice (female, 8-10 weeks old) were obtained from the Central
Animal Care Services, University of Manitoba. All animals were maintained
under identical conditions at the service facility. The experiments were
approved by the Animal Care and Use Committee, University of
Manitoba and the investigators adhered to Canada Council Animal Care
(CCAC) guidelines for humane treatment of animals.

The mice were immunized twice with purified rAed a 2, a 37kDa
recombinant salivary protein of the yellow fever mosquito Aedes
aegypti.(20) Briefly, each mouse was injected i.p. with 50 ug of rAed a 2
mixed with complete Freund’s adjuvant (Sigma, St. Louis, MO). After
two weeks, the mice were boosted with the same amount of rAed a 2 in
incomplete Freund’s adjuvant (Sigma). Mice injected with saline served as
controls.

Human Subjects

This project was approved by the University Faculty Committee
for the Use of Human Subjects in Research, and participants gave written,
informed consent before entering the study. The human peripheral
blood mononuclear cells (PBMCs) used in the study were obtained from
6 mosquito-allergic subjects. These subjects, who had strong skin reactions
in mosquito bite tests (the diameters of immediate wheal between 10 to
18 mm) and very high levels of serum mosquito saliva-specific IgE and
IgG antibodies, were selected from our previous study of mosquito
allergy.(21)

MaRcEL DEKKER, INC.
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Mouse Lymphocyte and Human PBMCs
Preparation and Cell Culture

Mouse lymphocytes were isolated on day 7 following the last immuni-
zation. Briefly, single cell suspension was prepared by gently teasing spleens
through sterile stainless steel meshes in incomplete RPMI 1640 medium sup-
plemented with 2 mM L-Glutamine, 100 pg/mL of penicillin and 100 pg/mL
of streptomycin. The cells were washed with the incomplete medium and
exposed for 3min to 1mL of a solution containing 10mM KHCOs;,
0.1mM EDTA, and 0.16 M NH,4CI, in order to lyse erythrocytes. The lysis
reaction was stopped by the addition of 1 mL of fetal calf serum (FCS).

The cells were then washed and subsequently centrifuged through a
Ficoll-Hypaque gradient (Sigma, St. Louis, MO). The lymphocytes col-
lected from the interface of the gradient were washed and resuspended at
2 x 10° cells/mL in complete RPMI 1640 consisting of 10% FCS, 10mM
L-glutamin, 2 x 107°M PB-mercaptoethanol, and antibiotic-antimycotics
(Gibco BRL, Burlington, Ontario). The lymphocytes (200 pL/well) were cul-
tured in 96-well flat-bottom plates (Corning, Rochester, NY) at 10-fold serial
concentrations between 4 and 4 x 10’ cells/well in either 5 pg/mL of rAed a 2 in
complet RPMI 1640 medium or 5 pg/mL of Con A in medium or the medium
alone. The plates were incubated at 37°C in a humidified atmosphere with 5%
CO,. The incubation was 24h or 48h in Con A induced IL-4 and IFN-y
production, 48 h for rAed a 2-induced IL-4 and IFN-y production, and 4,
8,12,24, 36, and 48 h for Con A induced IL-4 and IFN-y kinetic production.

To prepare human PBMCs, heparinized blood from donors was
centrifuged on a Histopaque-1077 gradient (Sigma). After 2 washes in PBS,
the PBMCs were resuspended in complete RPMI 1640 medium and cultured
in 96-well flat-bottom plates (Corning) to a final concentration of 2 x 10°
cells/mL at 200 uL. per well. For each human subject, cultures were set up
as below:

(i) in the presence of mosquito Aedes vexans head and thorax
extract which was prepared by the method previously
described,(22) at a concentration of 100 pg/mL.

(i1) in the presence of 5ug/mL of Con A.

(ii1) in the absence of stimuli. PBMC culture supernatants were
collected at 48 h for detection of IL-4 and IFN-y.

In Situ ELISA Measurement of Mouse and Human IL-4 and IFN-y

To detect mouse IL-4, plastic ELISA plates (high binding with flat
bottom, Costar corporation, Cambridge, MA) were coated with monoclonal
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rat anti-mouse 1L-4 antibody (11B11, PharMingen, San Diego, CA) diluted
to 1 pg/mL in sterile PBS, 100 pL/well, at 4°C overnight. After washing 4
times with sterile PBS, 100 pL/well of culture medium was added for plate
blocking at 37°C for 4h. 200 puL of the cell suspension were added in dupli-
cate into each well of the antibody-coated plates after washing twice. The
cells were incubated at 37°C with 5% CO, for 24h or 48 h. Twenty four
wells filled with 200 pL/well of culture medium were used as standard setting
wells, while the wells filled with 200 pL/well of culture medium plus cells but
without Con-A or rAed a 2 served as negative controls. After cell culture,
cell suspensions were removed from the 96-well plates by flicking. The
wells were then washed three times with sterile PBS, supplemented with
0.05% Tween 20 (PBST). 11 serial 2-fold dilutions of recombinant mouse
IL-4 ranging in concentration from 0.5pg/mL to 500pg/mL (19231V,
PharMingen) were added in duplicate to the 24 standard setting wells to
obtain a standard curve. PBS was added to the remaining 2 wells to serve
as blank controls.

The plates were then incubated at 37°C for 3 h and washed four times
with PBST. 100 uL of 1 pg/mL of biotinylated rat anti-mouse IL-4 antibody
(BVD6-24G2, PharMingen) were added to each well and the plates were
incubated at room temperature for 1 h. Following extensive washing, 100 uLL
of avidin-alkaline phosphatase (AP) (13043E, PharMingen) diluted 1: 1,000
was added to the wells and the plates were incubated at room temperature
for 30min. After 8 washes, 100 uL of 1mg/mL n-nitrophenylphosphate
solution (Sigma) in carbonate buffer (pH 9.6) was added and the colour
reactions allowed to develop at room temperature. The optical density
was measured with a Microplate Reader (Thermo,,.,, Molecular Devices,
USA) at 405 nm. The sensitivity for mouse IL-4 measurement was 2 pg/mL.

To measure mouse IFN-y, purified rat anti-mouse IFN-y mAb
(R4-6A2, PharMingen) at 1 pg/mL was used as a capture antibody, biotinyl-
ated rat anti-mouse IFN-y mAb (XMG1.2, PharMingen) at 1 ug/mL as a
detecting antibody, and recombinant mouse IFN-y (19301 T, PharMingen)
ranging from 4 pg/mL to 1,000 pg/mL as an IFN-y standard. The sensitivity
of the assay was 15.6 pg/mL for mouse IFN-y.

To detect human IL-4 and IFy-y, purified mouse anti-human IL-4
(8D4-8, PharMingen) or IFN-y (NIB42, PharMingen) mAb was used at
1 ug/mL as the capture antibody. Biotinylated rat anti-human IL-4
(MP4-25D2, PharMingen) or IFN-y (4S.B3, PharMingen) mAb was used
at 1 pg/mL as the detecting antibody. Recombinant human IL-4 (19641V,
PharMingen) ranging from 1pg/mL to 1,000 pg/mL, and IFN-y (19751N,
PharMingen) ranging from 1pg/mL to 1,000 pg/mL served as human IL-4
or IFN-y standards, respectively. The detection limits of the assay were
2 pg/mL for human IL-4 and 15.6 pg/mL for human IFN-y.
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In Situ ELISA Measurement of Mouse
Antigen-Specific IgG and IgG1 Antibodies

To detect mouse rAed a 2-specific IgG and IgG1 antibody production
by in vitro cultured lymphocytes, ELISA plates were coated with rAed a 2 at
2 pg/mL in sterile PBS followed by blocking with a 10% FCS solution.
Lymphocytes at 10-fold serial concentrations between 4 and 4 x 10°
cells/well with or without 5pug/mL of rAed a 2 were added to each well in
triplicate, while two rows of wells were filled with medium to be standard
setting wells. The plates were incubated at 37°C with 5% CO, for 96h
followed by four washes. A reference serum containing rAed a 2-specific
IgG and IgGl was added in triplicate in serial dilutions to rAed a 2-
precoated standard setting wells. The plates were left at room temperature
for 3 h. After washing, 100 pL. of AP-conjugated goat anti-mouse IgG (Cat.
293355, Jackson ImmunoResearch Laboratories Inc., West Grove PA)
or IgGl (Cat. L356-N907, Southern Biotechnology Associates Inc.,
Birmingham, AL) antibodies were added to each well and incubated
at room temperature for 1h. Following washing and incubation with AP-
substrate, the colour reaction was measured at 405 nm as described above.

Standardization of ELISA results between assays and estimation
of the relative amount of rAed a 2-specific IgG and IgGl in each sample
were accomplished using a reference serum. The serum was pooled from
mice with high titres of rAed a 2-specific IgG and IgG1 and defined as
1,000 U/mL for both rAed a 2-specific IgG and IgG1 antibodies. The sensi-
tivity of the assay was 0.2 U/mL for the two rAed a 2-specific antibodies.

Conventional ELISA Detection of IL-4, IFN-vy,
and rAed a 2-Specific IgG and IgG1

Mouse lymphocytes and human PBMCs were cultured in parallel, as
described above, on the plates, which were not precoated with mAb or
rAed a 2. The levels of mouse and human IL-4 and IFN-y and mouse
rAed a 2-specific IgG and IgGl in the supernatants were determined by
a conventional ELISA. Briefly, the ELISA plates were coated with mAb
anti-IL-4 or anti-IFN-y as a capture agent followed by sequential incuba-
tions with culture supernatants and then with biotinylated mAb anti-IL-4
or anti-IFN-y. To detect rAed a 2-specific IgG and IgGl, the plates
were coated with rAed a 2 followed by sequential incubations with culture
supernatant and then AP-conjugated anti-mouse IgG or -IgG1 antibodies.
The optimal concentrations of the ELISA reagents above had been pre-
viously determined(23) and were identical to those of the in situ ELISA.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Statistical Analysis

The concentrations of immunoglobulins, IL-4 and IFN-y were
expressed as mean SD. A two-tailed Student’s t-test was used to compare
the significance of groups.

RESULTS

Sensitivity of In Situ ELISA and Conventional ELISA in
Detecting Con A-Stimulated IL-4 and IFN-y Production

Lymphocytes from normal BALB/c mice were cultured with 5 pg/mL
of Con A in 96-well plates pre-coated with anti-mouse IL-4 or IFN-y mAbs.
The secreted IL-4 and IFN-y were captured by coating with mAbs
and subsequently detected using in situ ELISA. For comparison, IL-4
and IFN-y in the culture supernatants obtained from non-mAb coated
plates were measured in parallel using a conventional ELISA. As shown
in Figure la, after being cultured for 24h, the in situ ELISA detected a
significant increase in IL-4 production with a lymphocyte concentration as
low as 4 x 10° cells/well, whereas the conventional ELISA failed to detect
IL-4 production even in cultures with 4 x 10° cells/well. After 48h of cul-
turing with 4 x 10* cells/well, the conventional ELISA detected lower levels
of IL-4 production at 48.7pg/mL compared with the in situ ELISA
at 209.9pg/mL (p < 0.05) (Figure 1la). Interestingly, there was no
difference in the detection of IFN-y levels in Con A-stimulated lymphocytes
between the two ELISAs (Figure 1b).

Sensitivity of In Situ ELISA and Conventional ELISA in
Detecting Antigen-Stimulated IL-4 and IFN-y Production

Since in vitro Con A is a more powerful stimulator of cytokine
production than antigens, the high levels of cytokines in Con A-stimulated
cultures may mask the sensitivity of the in situ ELISA, producing similar
results in both ELISAs as found in Figure 1b. Hence, we re-evaluated
the sensitivity of both ELISAs in the measurement of rAed a 2-stimulated
IL-4 and IFN-y production by lymphocytes cells in which IL-4 and IFN-
v were much lower than those induced by Con A. The in situ ELISA
detected a significantly higher level of IL-4 production than the conven-
tional ELISA (p < 0.01) (Figure 2a). Intriguingly, IFN-y levels in rAed

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

)



10: 36 16 January 2011

Downl oaded At:

360

ORDER |-

REPRINTS

CHEN AND PENG

—— In situ ELISA

Number of lymphocytes

a.IlL-4 —a— Conventional ELISA
800 — 300 —
g 48 hours
?E’) 600 - 24 hours
L 200 —
¥ 400
=
o 100 —
g 200 —
[e] /\.
= 0 - —a— 0 -
I | I 1 I 1 T T I I I 1
10 10" 102 10°® 104 10° 108 10 10" 102 10% 10* 105 108
1600 _b- IFN-y 1000 -
£
D - 750
o 1200
i
Z 800 — 500 —
W
[0)
250
g 400 —
=
0 - ]
| I T | I 1 I I I 1
100 10! 10? 10° 104 10° 100 10! 102 10° 104 10°

Number of lymphocytes

Figure 1. A comparison of an in situ ELISA and a conventional ELISA
in the detection of Con A-induced IL-4 and IFN-y production by mouse
lymphocytes. BALB/c lymphocytes between 4 and 4 x 10° cells/well were stimulated
with Con A (5 pg/mL) for 24 h (left) or 48 h (right). The levels of IL-4 (a) and IFN-y
(b) from culture lymphocytes were measured by the in situ ELISA (solid circles)
or the conventional ELISA (solid squares) as described in Experimental.

a 2-stimulated cultures detected by the in situ ELISA were about 5-
fold higher than those measured by the conventional ELISA (p < 0.01)
(Figure 2b).

Comparison Between In Situ ELISA and Conventional ELISA in
Detecting Kinetic Production of IL-4 and IFN-y Induced by Con A

Con A induced a time- (Figure 3a) and dose-dependent (data not
shown) production of IL-4 from the culture lymphocytes of normal mice.
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Figure 2. A comparison of the sensitivities of an in situ ELISA and a conventional
ELISA in detecting Con A- or rAed a 2-stimulated IL-4 and IFN-y production by
mouse lymphocytes. 2 x 10°> lymphocytes/mL in 200 uL per well in triplicate were
stimulated with rAed a 2 (5 pg/mL), Con A (5pug/mL) or culture medium alone for
48 h. The levels of mouse IL-4 (a) or IFN-y (b) were determined by the in situ ELISA
and the conventional ELISA.

Compared to the conventional ELISA, the in situ ELISA revealed an earlier
and faster increase in IL-4 production from Con A-stimulated cultures
(Figure 3a). In addition, Con A also induced a time- (Figure 3b) and
dose-dependent (data not shown) increase in IFN-y production.
Interestingly, both the in situ ELISA and the conventional ELISA detected
a similar curve of IFN-y production (Figure 3b), suggesting that both assays
have a similar sensitivity for the detection of kinetic production of Con A-
induced IFN-y.
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Figure 3. A comparison of an in situ ELISA and a conventional ELISA in
the detection of Con A-stimulated IL-4 (a) and IFN-y (b) kinetic production.
2 x 10° lymphocytes in 200 uL per well were stimulated with 5pg/mL of Con A for
4,8, 12, 24, 36 and 48 h (solid circles and solid stand triangles). Lymphocytes grown
without Con A served as controls (solid squares and solid reverse triangles).
The levels of 1L-4 and IFN-y were measured by the in situ ELISA (solid circles
and solid squares) and the conventional ELISA (solid stand triangles and inverted
triangles).

Sensitivity of In Situ ELISA and Conventional ELISA in the
Detection of Mouse Antigen-Specific IgG and IgG1

In order to confirm the high sensitivity of the in situ ELISA, antigen-
specific antibody production from in vitro culture lymphocytes was
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examined using both ELISAs. Lymphocytes from rAed a 2-sensitized
BALB/c mice were cultured with rAed a 2 for 96h in 96-well plates pre-
coated with rAed a 2. The antibodies secreted by B cells were captured by
coated antigens and subsequently detected using the techniques described in
method. In parallel, the rAed a 2-specific IgG and IgGl in the culture
supernatants from plates not coated with rAed a 2 were measured by
a conventional ELISA. As shown in Figure 4, the in situ ELISA detected
rAed a 2-specific IgG and IgG1 secreted by lymphocytes with concentra-
tions as low as 40 lymphocytes/well. In contrast, 10,000 times as many
lymphocytes were required to produce detectable IgG and IgG1 levels in
the conventional ELISA.

a. rAed a 2-specific IgG

2009 _e— Insitu ELISA
—&— |n situ ELISA cell control

= 150 | —*— Conventional ELISA
é —w— Conventional ELISA cell control
3
O 100 —
>
Q
2] 50 —
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0 —
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A_—_—A
0 T
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Number of lymphocytes per well

Figure 4. A comparison of an in situ ELISA and a conventional ELISA
in the detection of anti-rAed a 2 IgG and IgGl in the culture supernatants
from rAed a 2-stimulated lymphocytes. Lymphocytes at different concentrations
were cultured with and without rAed a 2 (Spg/mL) for 96h. The anti-rAed a
2 IgG (a) and IgG1 (b) antibodies were determined by the in situ ELISA (solid
circles and squares) and the conventional ELISA (solid triangles and inverted
triangles).
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Sensitivity of In Situ ELISA and Conventional ELISA in Detecting
Antigen-Driven Human IL-4 and IFN-y Production by PBMCs

The PBMCs from subjects allergic to mosquito bites were cultured
with the mosquito head and thorax extract for 48 h on the plates precoated
with mAb anti-IL-4 or -IFN-y and the plates not coated with mAbs. The
IL-4 and IFN-y levels detected by the in situ ELISA and the conventional
ELISA were compared. As shown in Figure 5, the in situ ELISA detected
significantly higher levels of IL-4 and IFN-y production in the six mosquito-
allergic subjects than the conventional ELISA did (p < 0.05).

Sensitivity of In Situ ELISA Correlated with High Efficiency
Binding of the Coating Antibody

In order to determine whether the coating antibodies efficiently cap-
ture secreted cytokines, we analysed the cytokine levels in the supernatants
from plates precoated with anti-mouse IL-4 or -mouse IFN-y. As shown in
Figure 6, the IL-4 and IFN-y levels in the supernatants from the plates
precoated with mAbs were very low compared with those from the plates
not coated with mAbs. This result suggests that the high sensitivity of the
in situ ELISA is due to efficient binding of the in situ coating antibodies
to cytokine molecules released from lymphocytes.

DISCUSSION

The in situ ELISA assay described here employs a direct capture step
by precoating cytokine-specific mAbs or antibody-specific antigens of inter-
est before setting up cell cultures on ordinary ELISA plates. The secreted
cytokines and immunoglobulins bind specifically to the corresponding
immobilized antibody or antigen on the plate. Compared to conventional
ELISA techniques, in situ ELISA reactions yielded an earlier increase and
greater maximum secretion of IL-4, IFN-y (Figure 3), and antigen-specific
IgG and IgG1 (Figure 4) by lymphocytes stimulated with antigens. In Con A-
stimulated cultures, it appears that the in situ ELISA is comparable to
the conventional ELISA in the detection of Con A-stimulated IFN-y
(Figure 1b and Figure 2b, Figure 3b, p > 0.05). This result may be due to
the high levels of IFN-y in the culture supernatants induced by Con A,
a powerful mitogenic reagent. However, in antigen-stimulated IFN-y
production in which IFN-y levels in the cell cultures are much lower
than those induced by Con A, the in situ ELISA was much more sensitive
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Figure 5. A comparison of an in situ ELISA and a conventional ELISA in the
detection of antigen-driven IL-4 and IFN-y production from human PBMCs of
mosquito allergic subjects. PBMCs from six individuals at 2 x 10° cells/mL in
200 L per well in triplicate were incubated with mosquito head and thorax antigens
(100 pg/mL) for 48 h. IL-4 (a) and IFN-y (b) levels in cell supernatants were meas-
ured by the in situ ELISA and the conventional ELISA.

than the conventional ELISA, detecting about a 5-fold higher level of
IFN-y than that measured by conventional ELISA (Figure 2b, p < 0.01).
The data demonstrate the advantage of in situ ELISA in detecting the
antigen-driven IFN-y production in vitro. Moreover, 1L-4, the most difficult
cytokine to detect using conventional ELISA techniques,(1,2) was easily
detected with the newly developed in situ ELISA.

The low background production of cytokines and antibodies in unsti-
mulated cells in the in situ ELISA can be read by the ELISA reader and
simply deducted from the test samples. This makes the in situ ELISA more
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Figure 6. Comparison levels of Con A-induced IL-4 and IFN-y in the supernatants
from in situ ELISA plates and conventional ELISA plates. 2 x 10° lymphocytes in
200 uLL per well were stimulated with Con A (5ug/mL) for 4, 8, 12, 24 and 48h as
indicated. IL-4 and IFN-y levels in the supernatants from mAb-coated ELISA plates
(solid circles and solid squares) or antibody non-coated plates (solid and inverted
triangles) were measured by the conventional ELISA.

accurate and reliable compared to the ELISPOT in which artificial spots
may be introduced especially when the number of the spots is low or spots
are faint. Unlike ELISPOT, the in situ ELISA method is performed very
easily and efficiently, saving time and the lower cost of ordinary ELISA
plates compared to nitrocellulose plates is also worthy of consideration.
In our kinetic studies, similar to a previous report,(15) we observed
that the cytokine levels measured by in situ ELISA slightly declined over
time after an initial maximum at 24-36h of culture (Figure 3). This was
interpreted to be due to the consumption of cytokines loosely bound to the
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capture antibody.(15) Therefore, the choice of an optimal time to show
a maximum T cell response is critical for this assay.

The reason for the higher sensitivity of the in situ ELISA is clearly the
same as that for ELISPOT. Our data directly demonstrate that the pre-
coated antibodies efficiently and specifically capture most target molecules
released from culture cells in situ. In turn, there were a few target molecules
remaining in the supernatant as shown in Figure 6.

The levels of standard cytokines and antibodies in the standard setting
wells were not consistent during the incubation at 37°C for 24 to 96h
(data not shown). Therefore, in the present study, ELISA standards were
added to the standard setting wells after the 24-96 h cell culturing and the
plates were then incubated at 37°C with 5% CO, for 3 hours as described
previously.(24) The standard setting we developed here is suitable not only
for early expressed cell molecules but also late expressed molecules, such as
antigen-specific antibodies that are secreted up to 96 h during the culturing.

In conclusion, the newly developed in situ ELISA is a simple and
sensitive assay for the qualitative detection of low levels of cytokines, anti-
bodies or any other components (if their antibodies are available) produced
by culture cells.
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