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Recent Applications of Chemiluminescence Assays in Clinical Immunology
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Abstract: Chemiluminescence has traditionally been used to study the nature of the oxidative bactericidal mechanisms of
neutrophils and monocytes, intrinsic defects of abnormally functioning neutrophils or monocytes and cell activation. Dur-
ing the last ten years, Chemiluminescence has been applied in a wide variety of techniques, including immunoassays, pro-
tein blotting and toxicological and pharmacological tests (e.g. after exposure to antibiotic or immunomodulators agents,
such as adjuvants and cytotoxic drugs). In this review, we discuss some promising clinical applications of Chemilumines-
cence in clinical immunology for the study of autoimmune diseases, inflammatory responses, endocrine disorders, immu-
nodeficient states, mucosal immune responses against drugs and pathogens and host responses against tumors and infec-
tions. Further, we review the numerous advantages of Chemiluminescence-based methods over other methods to assay the
same endpoints, which facilitate their use in the current practice of clinical immunology.
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INTRODUCTION

Chemiluminescence (CL) is defined as the emission of
electromagnetic radiation caused by a chemical reaction to
produce light (Table 1) [1]. CL has traditionally been used to
study the nature of the oxidative bactericidal mechanisms of
neutrophils (PMN) and monocytes (MN), but a considerable
number of patients who suffer from immunological disorders
have benefited from recent applications of CL assays. Table
2 shows the advantages of CL methods over other conven-
tional diagnostic methods developed during the 1990s [2-9].
CL immunoassays appear to be more sensitive than ELISAS
and radioimmunoassays to determine a wide spectrum of
analytes, and CL can be combined with molecular biology
techniques to get an ultrasensitive assay. This review puts
emphasis on the recent uses of CL methods to study immu-
nological diseases and the advantages of their use.

CL ASSAYS TO EVALUATE CELLULAR ACTI-
VATION

CL has been used to study the nature of the oxidative
bactericidal mechanisms of PMN and MN, the intrinsic de-
fects of abnormally functioning PMN or MN, and the effects
of various agents, such as drug and opsonins, on phagocytic
cells [10]. Stimulation of phagocytes by several substances
causes release of highly reactive oxygen species (ROS), [11]
and CL can be inhibited by the superoxide scavenger, super-
oxide dismutase, and by selective inhibitors of the phagocyte
NADPH oxidase. Further, a wide number of substances,
such as cytokines, can modulate antigen-induced CL [12].
The production of ROS by MN and PMN has been widely
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assayed by the generation of CL in the presence of luminol
(Fig. 1). Luminol is a very lipid-soluble substance that can
penetrate cells and tissue easily, and it is used in various
ways to measure luminescence in single phagocytic cells,
groups of cells, and cells bound to or located within tissue.
The substances proposed to produce CL are singlet oxygen,
superoxide anion, hydrogen peroxide, hypochlorous acid,
and hydroxyl free radicals [13-15].

The initiation and resolution of inflammation is an area
where CL techniques can be widely utilized. Towbin et al.
developed a CL assay to examine how the outcome of an
inflammatory reaction is intimately associated to the balance
between IL-1 and IL-1 receptor antagonist (IL-1ra) cytoki-
nes. Further, the assay assessed the effects of anti-
inflammatory agents on the expression of IL-1 and IL-1ra in
bodily fluids [16].

The use of luminol-dependent CL may prove valuable as
a method to measure the earliest events in the inflammatory
process and may facilitate studying the mechanisms that
produce inflammation. Luminol-dependent CL predomi-
nantly reflects the production of H,0, together with Nitric
Oxide (NO)/peroxynitrite formation [17-19].

A new assay has been recently used for the detection of
endotoxin activity of lipopolysaccharide in whole blood
based on in vitro neutrophil activation. This novel type of
assay uses the priming effects of complement-opsonized
immune complexes on the respiratory burst activity of neu-
trophils. The chemiluminescent emission was related to dis-
turbances in the membrane NADPH oxidase and with mye-
loperoxidase activity of neutrophils [20]. Additionally, the
NADPH oxidase activity, which is important to investigate
the role of PLA2 products, could also be analyzed by CL
assays in the presence of inhibitors of the arachidonic acid
cascade [21]. and finally to study the kinetics and magnitude
of the oxidative burst capacity of granulocytes from
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Table1. Requirements for Chemiluminescence Emission

1. The reaction must be exothermic to produce sufficient energy to from the electronically excited state, can be established in terms of AG.

4
ac _hc _ _286x10

7\‘EX 7\’EX

Aex= long-wavelength limit for excitation of the chemiluminescent species.

2. The reaction pathway must be favourable to channel the energy for the formation of an electronically excited state.

3. Photon emission must be a favourable deactivation process of the excited product in relation to other competitive non-radioactive processes that may
appear in low proportion.

This box was abstracted from the textbook. Chemiluminescence. Principles and Applications in Biology and Medicine. Chichester.
adapted from Campbell, A.K. Chemiluminescence: Principles and Applications in Biology and Medicine. Ellis Horwood series in biomedicine. New York. 1988, [1].

Table 2. Advantages of Chemiluminescence-Based Assays in Conjunction with Molecular Biology Techniques in the Decade of 90°s

Author Chemiluminescence-based assays

Bronstein, 1., et al. (1994) Chemiluminescent assays have been described for the secreted alkaline phosphatase and beta-glucuronidase
[2] reporter gene products. These assays provide simple, sensitive, non-isotopic alternatives to existing detection
methods and are performed in microplate or tube luminometers or in a scintillation counter

Barlet, V., et al. (1994) The chemiluminescent assay is easy to perform as a routine diagnostic procedure and may be a useful alternative
[3] to the radioactive solution hybridization method

Alkan, S., etal. (1994) The chemiluminescence immunoassays appear to be more sensitive than existing ELISAs or radioimmunoassays
[4] and may find new application areas

Martin, C. S., et al. (1995) Recently have been developed an assay system to accurately quantitate PCR products that utilizes solid-phase
[5] capture and an enzyme-linked chemiluminescent detection method. Biotinylated PCR products are quantitated
by capture onto a streptavidin-coated surface, followed by hybridization of an internal fluorescein-labeled oli-
gonucleotide probe and subsequent detection with an anti-fluorescein-alkaline phosphatase conjugate and a
chemiluminescent substrate. The PCR-Light system was an ultrasensitive and rapid assay for PCR product de-
tection

Bronstein, 1., et al. and Martin, C. S., et Chemiluminescence-based assays of reporter gene expression, have many biomedical applications, this detection
al. (1996) technology permits the combined luminescence detection of two different reporter enzymes in the same tube,

[6, 7] e.g., a dual assay for beta-galactosidase and luciferase. It increase sensitivity over those obtained with conven-
tional colorimetric or fluorometric assays

Yang, T. T. etal. (1997) The cDNA encoding secreted alkaline phosphatase is a useful tool for investigating the function of known or
[8] putative enhancer/promoter elements. The chemiluminescence-based secreted alkaline phosphatase assay is
about 10-fold more sensitive than similar assays using firefly luciferase as the reporter enzyme

Chen, T., et al. (1998) A DNA optical sensor system was proposed based on the combination of sandwich solution hybridization, mag-
[9] netic bead capture, flow injection and chemiluminescence for rapid detection of DNA hybridization (e.g., bacte-
rial alkaline phosphatase gene and Hepatitis B virus DNA could be used as target DNA)

NADPH NADP +H + ClLH+

NADPH oxidases superoxide dismutase myeloperoxidase spontaneous

Fig. (1). The production of reactive oxygen species like anion superoxide (O,-"), hydrogen peroxide (H,0O,) and hypochlorous acid (HOCI) by
neutrophils have been assayed widely by the generation of chemiluminescence in the presence of luminol.

peripheral blood, as early criteria of cell activation in order
to evaluate their future uses in both: as immune modulator
and future carrier for vaccinal epitopes [22, 23].

Whole blood CL allows for the evaluation of both the
oxygen radicals released by phagocytes and the serum op-
sonin activity using very small amounts of blood. Some
authors suggest that whole blood CL could be applied widely

for the early detection of postoperative infections and to as-
sess host defenses against infection [24].

CL ASSAYS TO EXPLORE AUTOIMMUNE
DISEASES

The contributions of antibodies and immune complexes
to neutrophil activation have been well established. It has
important implications for monitoring patients who suffer
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from autoimmune diseases [25]. Immune complex-mediated
toxicity is known to cause tissue damage in patients who
suffer from autoimmune diseases, such as systemic lupus
erythematosus, rheumatoid arthritis and vasculitis. Immune
complexes have been found on the surface of polymor-
phonuclear leukocytes. CL can be quantitatively inhibited by
the interaction of PMN with immune complexes or human
gamma globulin [26]. On the other hand, fluid-phase 1gG
can act as a modulatory factor by inhibiting the generation of
ROS by PMN, which are stimulated with precipitated 1gG
immune complexes, in a dose-dependent manner. It is asso-
ciated to the ROS production induced by immune complexes
during phagocytosis and the subsequent deposit of them on
certain tissues [27].

Familial studies of autoimmunity have benefited by using
CL assays. For example, CL assays were used to study the
monocyte phagocytic system in children with rheumatic
heart disease compared to their parents, their normal siblings
and families without rheumatism. The study established a
relationship between genetic patterns and phagocytic explo-
sions to determine whether the activities of gene products
that function in the monocyte phagocytic system are possible
genetic markers for rheumatic susceptibility [28].

NO metabolism alterations have been described in neuro-
immunologic disorders, and they impact the prognosis and
subsequent treatment of the disease. In 1999, Hermanova
evaluated chemical compounds, known to alter NO metabo-
lism, for their effect on the adhesive properties of leukocytes
and erythrocytes in the blood CL of multiple sclerosis pa-
tients compared with controls, and they found that the activ-
ity of the disease was related to NO-dependent alterations of
the oxidative burst [29].

Regulation of ROS emissions has been implicated in tis-
sue damage and in autoimmune disease because redox sig-
naling pathways are implicated in cell growth, proliferation,
apoptosis, cellular adhesion, extracellular matrix remodeling,
phagocytosis and cytoskeletal reorganization. CL assays and
PCR/RT-PCR techniques were utilized to determine the ex-
pression of the different components of the NADPH oxidase
system in lens tissue. This study demonstrated that redox
signaling might play an important role in how growth factors
effect lens growth and development [30].

The activation of neutrophils may play a role in the in-
creased propensity for bacterial infections in patients with
primary Sjogren's syndrome. CL assays have been used to
evaluate the predisposition to infections in such patients [31]
and to study the relationship between metabolic ketosis and
neutrophil microbicidal activity [32]. These CL assays can
be used to decide whether to add immunomodulators to the
patient or to reevaluate the control of the disease because
changes, such as autoantibody production in Sjogren’s syn-
drome and ketosis in diabetic patients, can modify the CL
response in neutrophils.

APPLICATION OF THE CL ASSAY TO STUDY IM-
MUNODEFICIENCY DISORDERS

The CL method helps to investigate the effects of highly
active antiretroviral treatment on neutrophil and monocyte
function in patients with moderately advanced HIV-1 infec-
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tion. The functional activity of granulocytes has been meas-
ured by assessing chemotaxis towards a bacterial peptide and
oxidative burst, as measured by CL production. CL was used
to measure the chemotactic and fungicidal activity of pa-
tients compared with healthy controls. In this study, CL as-
says were used to evaluate the efficacy of a specific therapy,
and similar approaches could be used to explore patients
who do not respond to antimicrobial therapies [33].

The genotoxic effects in infants born from HIV positive
women receiving antiretroviral nucleoside analogue drugs
can be evaluated using a PCR- based CL detection method to
determine the copy number of the mitochondrial D Loop
gene [34].

While numerous primary immunodeficiencies remain
unexplained in their etiopathogeny, CL assays have been
used to study new alterations of the cellular response [35],
which might contribute to pathogenesis of these diseases and
help establish better treatments.

The reliability of methods for the measurement of che-
motaxis is a common clinical problem. However, it has re-
cently been shown that the number of cells migrating
through a filter can be measured by determining their ATP
content by CL [36]. This could be used to reduce the conven-
tional rates to explore abnormalities in the chemotactic re-
sponses.

EVALUATION OF DRUGS AND CHEMICAL PROD-
UCTS THROUGH CL

The luminol-enhanced CL assay has been used to exam-
ine the effects of different concentration of antifungal agents
(bifonazole, fluconazole, itraconazole, and terbinafine) on
the CL response of mouse spleen cells. The reduction of the
CL response is related to the inhibition of the cellular im-
mune response [37]. Further, the effect of antifungal drugs
on the phagocytic activity of PMNSs, which protects against
septic shock by inhibiting the PMN-mediated inflammatory
cascade without compromising their phagocytic activity, can
be evaluated by a CL assay [38].

Flavonoids, which are the main constituents of herbal
medicines, have been reported to inhibit the growth of Heli-
cobacter pylori. The technique of CL helps to evaluate the
anti-HP activity of some flavonoids, such as flavanols, fla-
vones, flavonols and isoflavonoids [39].

Neuramidinase inhibitors were recently licensed for the
prophylaxis and treatment of influenza virus infection in
humans. Recent data have shown that a CL assay is a rapid
and reliable method for screening large numbers of influenza
isolates for susceptibility to inhibitors [40].

Toxicity of chemical products on the vertebrate immune
system is usually evaluated with CL. Recently, the effects of
Permethrin, a member of the newest class of insecticides,
was evaluated on splenic macrophages using this technique
[41].

Antibiotics that can potentiate phagocyte functions may
be more effective in the treatment of certain microbial infec-
tions than others. The measurement of superoxide anion
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generation by neutrophils through CL assays helps to quan-
tify this phenomenon [42].

CL assays can be applied to explore the immunogenicity
and immune responses against adjuvants. For example, Ma-
sihi et al. used luminal-dependent CL to evaluate respiratory
burst in splenic cells from mice pretreated with oil-in-water
emulsions of muramyl dipeptide, trehalose dimycolate, or
the combination of muramyl dipeptide with trehalose dimy-
colate in response to stimulation by zymosan. The authors
concluded that the enhancement of nonspecific resistance to
influenza virus infection was related to the chemical struc-
ture of the synthetic immunostimulant [43]. In similar way,
Levamisole, an antihelminthic agent reported to nonspecifi-
cally enhance various parameters of the immune response,
was examined for its effect on chemotaxis of human neutro-
phils and on the levels of cellular cyclic nucleotides [44].

APPLICATION OF CL ASSAYS TO STUDY INFEC-
TIOUS DISEASES

Changes in immune function occur in elderly people,
which increase their risk for infections and tumors. Braga et
al. demonstrated a reduction in luminol-amplified CL in eld-
erly subjects compared with younger controls. They studied
whether the level of susceptibility to infectious diseases
could be used to determine the use of vaccines and immu-
nomodulators in different physiological conditions, such as
being elderly [45].

Cellular immunity is primarily responsible for Tre-
ponema pallidum clearance and resolution. Aldinil et al. ana-
lyzed the interaction of T. pallidum with isolated rat Kupffer
cells in vitro using CL to measure the production of ROS to
assess the phagocytic activity [46].

A wide number of microorganisms cause important al-
terations in the phagocytic host response, and this is in close
relation with latent infections and persistent states of unre-
sponsiveness to drugs. Therefore, Carlyon et al. evaluated
the effects of A. phagocytophilum infection on neutrophils’
NADPH oxidase assembly and ROS production using CL.
CL has been also used to demonstrate the impact of microor-
ganism derivates on cell activation and the kinetics of apop-
tosis [47, 48], which are implicated in sepsis, multiorgan
failure and immune recognition of foreign epitopes. The con-
tribution of ROS to atherosclerotic development and the pro-
gression during Chlamydia pneumoniae infection was evalu-
ated [49] using a CL test.

Opsonization is required to increase the phagocytic index
and decrease the response time to an array of pathogens. The
oxidative burst of neutrophils challenged with nonopsonized
and opsonized microorganisms can be measured with lumi-
nol-enhanced CL. This technique is suitable for measuring
the oxidative bursts of the nonopsonic phagocytosis by neu-
trophils [50-52]. Additionally, a luminol-enhanced CL assay
can be used to investigate opsonic requirements for phagocy-
tosis of bacteria serotypes [53].

The attraction of component cells to the zones of in-
flammation is a mechanism to control the inflammatory re-
sponse. Many neutrophils are recruited into the intestinal
lumen in response to pathogenic infections. Hofman et al.

A.R. Orozco

evaluated the effect of transepithelial migration on phagocy-
tosis by evaluating immunofluorescence and superoxide pro-
duction by PMNs using luminol-mediated CL [54].

The Digene Hybrid Capture System is a solution hybridi-
zation antibody capture assay used for the chemiluminescent
detection and quantitation of cytomegalovirus DNA in leu-
kocytes. The Digene Hybrid Capture System assay provides
a rapid, quantitative, and objective measure of cytomegalovi-
rus activity in leukocytes, even when the results do not al-
ways correlate with clinical disease [55].

Barbour et al. evaluated PMNs of 18 patients during epi-
sodes of active bacterial infection. They found that CL pro-
duction remained increased with persistent infection but fell
to the levels of controls with appropriate therapy. These find-
ings were analyzed, in conjunction with the chemotactic re-
sponse, to assess the activation state of neutrophils from pa-
tients suffering from active bacterial infection [56]. Solber et
al. also demonstrated that the outcome of bacterial infections
is closely related with PMN function because the majority of
patients with bacterial infections have PMNs with normal or
increased function, and a fatal outcome of the disease was
more frequent in patients whose have reduced PMN function
[57]. In the same way, using phorbol myristate acetate as a
stimulus, leukocytes from diabetic patients had a markedly
reduced CL response and reduced superoxide anion response,
which may contribute to impaired bacterial killing and may
explain, in part, their susceptibility to infection [58]. On the
other hand, both C-reactive protein and ferritin have been
reported to reflect the extent of oxidative stress and inflam-
mation in individual patients and may be useful markers of
disease activity and mortality risk. The intensity of lucigenin-
enhanced CL is related with superoxide levels [59] and disease
activity. These assays are recommended to evaluate the sepsis
progression in susceptible patients.

Using patients with postoperative infections, M. Salo et
al. evaluated the oxygen-dependent microbicidal responses
of separated granulocytes to microbes isolated from each
patient. They found that the decreased CL responses were
probably due to the infection and reflect the depressed mi-
crobicidal capacity of granulocytes [60]. Khan, HA used a
rat model of sepsis-induced alterations in both blood and peri-
toneal fluid PMNs. Their quantitative assessment may be
helpful in disease evaluation and designing effective therapies
[61] In addition, the activation of lipid peroxidation during epi-
sodes of infection were estimated by an increase in the rate of CL
in peripheral lymphocytes [62].

Defect in oxidative routes of neutrophil metabolism and
in Fc-receptors involved in phagocytosis are major determi-
nants of susceptibility to infection, and such defects seem to
be especially common in patients with severe 'multifocal
infections' [63]. The luminal-enhanced CL of heterologous
neutrophils was used to assess the capacity of Haemophilus
influenzae type b-specific antibodies to induce opsonization
of Haemophilus influenzae type b with autologous heat-
inactivated sera from children immunized with the Haemo-
philus influenzae type b capsular polysaccharide-
polyribosyiribitol phosphate-conjugate vaccine [64].
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The clinical evaluation of a novel, fully automated CL im-
munoassay for the determination of immunoglobulin G avid-
ity to human cytomegalovirus showed 92.8% sensitivity and
84.7% specificity in detecting a recent (<90 days) primary
human cytomegalovirus infection. The assay was suggested
for accurately diagnosing recent primary human cytomegalovi-
rus infections [65]. Luminol-dependent CL as an indicator of
free radical emission is suitable for the detection of the anti-
oxidant status of tissue and to measure the scavenger capac-
ity of the plasma and erythrocytes. A similar method may be
useful to evaluate patient states, with or without antioxidant
or steroid therapy and to distinguish relapses and inactive
periods, as well [66].

CL methods could be better than conventional methods
to defect serum antiviral-capsid antigen IgM antibodies to
Epstein-Barr virus, and an early diagnosis of infectious
mononucleosis could be done [67]. The levels of total IgE in
cerebrospinal fluid and serum from peripheral blood were
also measured by an automated CL assay, which has impli-
cations for specific neurocysticercosis diagnosis [68].

Deitch, SB et al. used a cDNA probe, which was pre-
pared from poly(A)+ RNA extracted from simian varicella
virus-infected Vero cells at the height of the cytopathic effect
(three days after infection), and CL to detect the transcripts
corresponding to predicted simian varicella virus open read-
ing frames [69].

APPLICATION OF CL TO EVALUATE THE IM-
MUNE RESPONSE AGAINST TUMORS

The oxidative stress could be measured by superoxide
quantification though lucigenin-amplified CL because some
tumors produce more ROS than non-neoplasic tissue. The
addition of ROS scavengers to the therapy of gastric tumors
has a role in the prevention of gastric carcinoma [70], and it
could be applied to evaluate the addition of anti-
inflammatory drugs in such cases.

Recently, it has been reported that NO exists in the inner
mitochondrial membrane. The mitochondrial utilization of
NO involves the production of superoxide anion and H,0,
and participates in the modulation of cell proliferation and
mitochondrial nitric oxide in the redox state of murine tu-
mors, compared with normal proliferating and quiescent tis-
sues. Decreased oxidative phosphorylation, defective tu-
moral mitochondrial NO, and low mitochondrial NO-
dependent H,0, may used to link persistent tumoral growth
to embryonic behavior [71]. This was demonstrated through
western blotting analysis using an enhanced CL detection
system to detect changes in the oxidative activity.

Additionally, CL was used to determine the effects of
eniluracil, which inactivates the dihydropirimidine dehydro-
genase activity in human solid tumors, on colorectal tumors
and there was important to diminish the resistance in human
colorectal cancer [72].

CL ASSAYS TO STUDY ENDOCRINE DISORDERS

CL assays could be applied in studies to determine pulsa-
tile levels of hormones in endocrine states of physiological
changes or disease. N. Shah et al. evaluated the growth hor-
mone (GH) secretory responses during continuous 24-h in-
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travenous infusion of saline versus the most potent clinically
available hexapeptide, GHRP-2 (1 mg/kgh), in estrogen-
unreplaced postmenopausal women in a paired, randomized
design. The kinetics of the hormonal response was assayed
by an ultrasensitive GH CL assay [73].

Human GH and prolactine (PRL) concentrations in the
media and cell extracts were determined by a nonisotopic,
automatic CL assay performed to compare the activity of
hormones analogues on hormone release by cultures of se-
creting pituitary adenomas. Intra- and inter-assay coefficients
of variation for GH and PRL were calculated. Human
ACTH, LH, and FSH concentrations were determined by a
nonisotopic, automatic CL immunoassay system. Intra- and
inter-assay coefficients of variation for ACTH, LH, and FSH
were similar. The assays were easy to do, and the time to get
the results was considerable shorter compared to conven-
tional and less secure techniques to assess hormone determi-
nations [74].

USE OF CL ASSAYS TO EXPLORE THE INFLAM-
MATORY RESPONSE OF AIRWAYS

Oxidative stress during sepsis is closely related with
multiorgan injuries. A CL technique was used to show that
ex vivo Vitamin E and simvastatin induced an inhibition of
O,- degree production and that NADPH oxidase inactivation
is involved in these phenomenon [75]. This assay could be
used to select drugs to stop the O,- degree production.

Recently, inflammatory pulmonary diseases, particularly
severe asthma, have been associated with increased numbers
and activities of PMN. Lucigenin-amplified CL appears to
be an appropriate technique for measuring alveolar macro-
phages activity when the proportion of PMN in mixed cell
populations is small, and this is a method to explore the in-
crease in PMN activity in cells obtained from asthmatic air-
ways [76].

The inhalation of dusts and environmental toxins is
commonly associated to pulmonary diseases. A luminol-
dependent CL assay is a new method to study inflammation
in both phagocytic cells and lung tissue recovered from dust-
exposed animals, which showed potent CL signals when
compared with the saline group [77]. CL assays were used to
suggest that ginseng treatment leads to an activation of
PMNs and modulation of the IgG response to P. aeruginosa,
enhancing the bacterial clearance and thereby reducing the
formation of immune complexes. This resulted in milder lung
pathology in a rat model of cystic fibrosis [78]. Finally, even
when the functional status of PMNs from patients with adult
respiratory distress syndrome has not been previously defined.
Neutrophils cause pulmonary damage once circulating PMNs
are in an activated state, as demonstrated by CL and are capable
to release high levels of inflammatory mediators, such as ROS
[79].

CONCLUDING REMARKS

The advantages of CL assays include sensitivity, speed
(signal generated in a few seconds), nonhazardous reagents,
and simple procedures. The most promising clinical applica-
tions are in immunoassays, protein blotting, DNA probe as-
says, including reporter gene studies and toxicology and
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pharmacological tests (e.g. after exposure to antibiotic or
agents inmunomodulators as adjuvants and cytotoxic drugs).
On the other hand, it can be used consistently to follow pa-
tients who have suffered from immunological diseases, to
estimate microbial numbers and to assess cellular states [80-
82]. The wide variety of applications of CL assays in clinical
immunology and the numerous advantages of CL-based
methods over other conventional methods to analyze the
same endpoints are good arguments for their extensive use in
the practice of clinical immunology.
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