Improved in vitro antigen-specific antibody
synthesis in two patients with common
variable immunodeficiency taking an oral
cyclooxygenase and lipoxygenase

inhibitor (ketoprofen)
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In the process of performing a previously published study examining B cell function in 16
patients with common variable immunodeficiency (CVI )(J ALLERGY CLIN IMMUNOL
1991,87:1138-49), we noted improved in vitro antibody (Ab) synthesis in a patient, H. B., while
he was taking a cyclooxygenase and lipoxygenase inhibitor, ketoprofen. Addition of ketoprofen
in vitro to B cells from patients with CVI resulted in improved proliferation and differentiation
in four of five additional patients with CVI studied. One patient, besides H. B., M. K. B.,
whose B cells secreted increased amounts of antigen (Ag)-specific Ab in response to in vitro
ketoprofen, underwent a trial of oral ketoprofen. M. K. B., like H. B., demonstrated improved
in vitro Ag-specific Ab production while she was taking oral ketoprofen. No increase in serum
Ab levels was noted in either patient taking ketoprofen, but both patients remained infection free
during the time of their ketoprofen trials (H. B., 9 months, and M. K. B., 36 months). No
improvement in in vitro Ag-specific Ab synthesis was noted when H. B. and M. K. B. took oral
cyclooxygenase inhibitors (naproxen or ibuprofen). Thus, additional study is warranted to
examine the role of lipoxygenase products of arachidonic acid in the B cell dysfunction of CVI.

(J ALLERGY CLIN IMMUNOL 1991,88:775-83.)
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Multiple mechanisms have been proposed for the
failure of B cells from patients with CVI to make
normal amounts of Ab. These mechanisms include
increased suppressor T cell activity,' failure of T cells
to produce necessary signals for B cells,*® and intrin-
sic B cell defects.® '™ "% Jn isolated cases,
corticosteroids' or cimetidine> have improved im-
munoglobulin production by presumably inhibiting T
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Abbreviations used

CVI:

Ab:

AA:

LTB,, LTC,:
Ag:

TT:

KLH:

Sac:

PWM:

PBS:
NDGA:
cAMP:
t.i.d.:

MNC:
HMW-BCGF:

LMW-BCGF:

Common variable immunodefi-
ciency

Antibody

Arachidonic acid

Leukotrienes B, and C,

Antigen

Tetanus toxoid

Keyhole limpet hemocyanin
Staphylococcus aureus Cowan I
Pokeweed mitogen
Phosphate-buffered saline
Nordihydroguaiaretic acid

Cyclic adenosine monophosphate
Three times a day

Mononuclear cell
High-molecular-weight B cell
growth factor
Low-molecular-weight B cell
growth factor
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TABLE I. Patients with CVI used in these studies*

J. ALLERGY CLIN. IMMUNOL.
NOVEMBER 1991

Serum
immunoglobulins
Age at Age at (mg/dl) at
disease time of Immunoglobulin  Peripheral presentation
onset studies replacement B cells
Patient {yn) {yr) Clinical manifestations during studies {(mm3)t IigM  IgG IgA

H. B. 28 31 Recurrent sinusitis and No 117 30 184 <20
bronchitis; one epi-
sode of bacterial en-
teritis

M. K. B. 31 32 Bacterial sinusitis and No 95 <20 <20 <20
pneumonia

A. B. 11 17 Chronic sinusitis; recur- Yes 93 29 7 <20
rent bacterial pneu-
monias

C.C 13 22 Recurrent pneumonia; Yes 98 23 <6 1
intermittent diarrhea

J.F. 5 9 Recurrent bacterial si- Yes 179 33 9 3
nusitis; pneumonia;
sepsis; chronic ar-
thritis

J.T. 37 49 Recurrent bacterial si- No ND <5 11 <5

nusitis and pneu-
monias

ND, Not done; patient had a total lymphocyte count of 1506/ mm’.

*Additional immunological parameters of these patierits have previously been published.
The number of B cells per cubic millimeter for each patient was calculated by (percent slg positive cells obtained from flow cytometry)

x (number of lymphocytes isolated)/(volume of blood obtained).

cell-induced suppression. However, no studies have
yet addressed the intracellular events involved with
suppression of immunoglobulin synthesis in CVI.

Many studies have addressed the potential roles for
cyclooxygenase and lipoxygenase products of AA in
suppressing immunoglobulin secretion. Addition of
prostaglandin E, to either unfractionated lymphocytes
or to purified B cells results in inhibition of immu-
noglobulin production.'- ¢ Similarly, addition of the
leukotrienes, LTB, or LTC, to unfractionated lym-
phocytes inhibits immunoglobulin production.'”"* The
leukotrienes may act on T cells’” '* % or directly on
B cells' to suppress immunoglobulin secretion.

In this study, we demonstrate that an oral inhibitor
of both cyclooxygenase and lipoxygenase, ketopro-
fen,?! but not the pure cyclooxygenase inhibitors, na-
proxen or ibuprofen, enhance in vitro Ag-specific Ab
production in selected patients with CVI. This finding
suggests that overproduction of certain lipoxygenase
products may contribute to the defect in AB synthesis
in certain patients with CVI.

MATERIAL AND METHODS
Patients

The patients with CVI for these studies were followed at
the Clinical Center, National Institute of Allergy and In-

fectious Diseases, or the Division of Rheumatology, Wash-
ington University School of Medicine, St. Louis, Mo. The
characterization of these patients has already been pub-
lished.* Clinical features are outlined in Table I of the five
patients included in these studies.

All patients and normal volunteers had received child-
hood TT immunizations. On entry to these studies, patients
and normal volunteers received 1 mg of KLH subcutane-
ously. Two weeks later, they received a second 1 mg dose
of KLH along with a TT booster immunization. Blood was
drawn 5 days after the second KLH immunization for the
initial studies. Patients who were studied at time points more
than 3 months after the last immunization were boosted with
1 mg of KLH 5 days before blood was drawn for the studies.

Cells

Peripheral blood was obtained by phlebotomy or lym-
phopheresis, and MNCs were separated by centrifugation
over Ficoll/Hypaque. Monocytes were depleted by adher-
ence to plastic dishes, and T cells were depleted by rosetting
twice with 2-aminoethylthiouronium bromide-treated sheep
red blood cells as previously described.” B cells obtained
from different donors were 80% to 95% surface immuno-
globulin positive.

Proliferation assay

Two assays were used to assess B cell proliferation, both
of which have been previously described®: (1) the costim-
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ulation assay in which resting B cells were cultured with
1 pg/ml of anti-mu (F(ab'), rabbit antihuman IgM) and
lymphokines simultaneously, and (2) the Sac assay in which
B cells were activated with 1:25,000 dilution of formalin-
fixed Sac (Immunoprecipitin; Bethesda Research Labora-
tories, Gaithersburg, Md.) for 72 hours before addition of
lymphokines. In either case, *H-thymidine incorporation by
the proliferating B cells was determined for the last 18 hours
of a 72-hour culture period starting from the time of addition
of lymphokines.

Differentiation assay

The differentiation assays were performed as previously
described.' In brief, MNCs were cultured in 96-well plates
at 10° cells per well with RPMI 1640 and 5% fetal bovine
serum in the presence or absence of a 1:100 dilution of
PWM (Gibco Laboratories, Grand Island, N.Y.) or Ags (TT,
KLH, or purified protein derivative, 100 pg/ml to 100
ng/ml) for 10 days at 37° C in a humidified 7% CO, en-
vironment. At the end of the culture period, Ag-specific and
nonspecific Ab secreted into the supernatant was quantified
by ELISA.

The Ag-specific ELISAs were performed by first coating
96-well microtiter plates with 10 pg/ml of TT or KLH in
0.1 mol/L of calcium carbonate buffer, pH 9.6, for 2 hours
at 20° C. Plates were then washed three times with PBS-
Tween. Culture supernatants (or serum samples) and con-
trols were added to the wells and diluted 1:10 in PBS-
Tween. Then, a 1:1000 dilution of goat antihuman IgG or
IgM conjugated to alkaline-phosphatase (Sigma Chemical
Co., St. Louis, Mo.) in PBS-Tween was added to the wells
and allowed to incubate for 2 hours at 20° C. Wells were
again washed three times with PBS-Tween, and then 0.1
ml of a 1 mg/ml solution of p-nitrophenyl phosphate in 0.1
mol/L of calcium carbonate and 0.0001 mol/L of MgCl,,
pH 8.6, was added to each well. Color developed in the
wells and was quantitated with an automated spectropho-
tometer (Dynatech, Alexandria, Va.), and the values of the
unknowns were compared with the values of standards run
simultaneously in each of the plates.

Miscellaneous reagents

HMW-BCGF was derived from the Namalva cell line as
previously described.” LMW-BCGF was purchased from
Cellular Products (Buffalo, N.Y.). Ketoprofen was kindly
provided by Wyeth Laboratories (Philadelphia, Pa.). In-
domethacin and NDGA were purchased from Sigma Chem-
ical Co.

RESULTS

Effect of oral cyclooxygenase and
lipoxygenase inhibitors on proliferation and
differentiation of B cells from a patient
with CVI

In our previously published studies examining 16
patients with CVI, we noted that the B cells from the
patients with CVI failed to proliferate normaily to a
BCGF, HMW-BCGF, which expands a subpopulation

Ketoprofen and Ab synthesis in CVi 777

of memory B cells." > We had the opportunity of
studying one of the patients with CVI, H. B., during
periods when he was not receiving immunoglobulin
replacement. He was studied when he was newly di-
agnosed and was not receiving any medication, when
he was taking the oral cyclooxygenase inhibitor, na-
proxen, and when he was taking the oral cyclooxy-
genase and lipoxygenase inhibitor, ketoprofen. He
was also studied after stopping ketoprofen because of
not feeling energetic (despite the absence of a clini-
cally apparent infection) and started receiving im-
munoglobulin replacement. When H. B. was not re-
ceiving medication or taking naproxen, 250 mg t.i.d.,
his B cells proliferated normally to LMW-BCGF but
not to HMW-BCGEF (Fig. 1). When H. B. was taking
ketoprofen, 75 mg t.i.d., his B cells proliferated more
normally to HMW-BCGF and his B cells also pro-
duced cAMP more normally in response to HMW-
BCGF. Before taking ketoprofen, H. B.’s B cells pro-
duced 0.410 pmole of cAMP per 10° cells in response
to HMW-BCGF. While he was taking ketoprofen, his
B cells produced 4.33 pmole of cAMP per 10° cells
in response to HMW-BCGF. (Normal donors pro-
duced 6 + 0.5 pmol of cAMP per 10° cells in re-
sponse to HMW-BCGF.? ") After stopping ketopro-
fen and starting immunoglobulin replacement, H. B.’s
B cells proliferated poorly to both HMW-BCGF and
LMW-BCGF.

We also studied H. B.’s B cells for their ability to
produce Ag-specific Ab in vitro. In a previous pub-
lication,'* we noted that his B cells produced 3031
ng/ml total IgM and 628 ng/ml total 1gG in culture
in response to PWM. His B cells produced 9.9 U/mi}
of TT-specific IgM, but no detectable TT-specific IgG
in response to PWM. While H. B. was taking keto-
profen, but not naproxen, his B cells produced a sig-
nificantly increased amount of TT-specific IgM com-
pared to when he was not receiving medication (Fig.
2). No TT-specific IgG was detected under any con-
ditions.

Therefore, the use of oral ketoprofen, but not na-
proxen, by this patient with CVI improved both the
proliferation of his B cells to HMW-BCGF and pro-
duction of TT-specific Ab by his B cells in response
to either PWM or TT in vitro.

Effects of ketoprofen in vitro on B cell
proliferation and differentiation

Because of the beneficial effects of ketoprofen on
H. B.’s B cell function, we examined the effects of
ketoprofen in vitro on proliferation and differentiation
of B cells from five additional patients with CVI and
several normal donors. The B cells from four of the
five patients demonstrated better proliferation to
HMW-BCGF in the presence of ketoprofen than in
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FIG. 1. Effect of oral naproxen or ketoprofen on the proliferation of B cells from a patient with
CVI, H. B., to HMW-BCGF and LMW-BCGF. B cells from a normal donor {normal) or patient with
CVI, H. B., were purified and activated with Sac for 72 hours. The B cell proliferation assay was
then performed as described in MATERIAL AND METHODS. *H-thymidine incorporation is il-
lustrated on the X-axis for B cells stimulated with optimal concentrations of HMW-BCGF (20
ng/ml}, LMW-BCGF (10 ng/ml), or media alone. H. B.’s B cells were studied before any therapy
{untreated) while he was taking naproxen, 250 mg t.i.d. {(naproxen), while he was taking keto-
profen, 75 mg t.i.d. (ketoprofen), or 6 months after stopping ketoprofen and instituting immu-
noglobulin replacement therapy (post-keto). Data presented are the mean and SEM for triplicate
wells in individual experiments.

| Post-Keto
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Unstimulated

0 20 40 60 80 100
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FIG. 2. Effect of oral naproxen or ketoprofen on the in vitro production of TT-specific igM by B
cells from a patient with CVi, H. B. MNCs from patient H. B. obtained before any treatment fno
medication), while he was taking naproxen, while he was taking ketoprofen, or 6 months after
taking ketoprofen (post-keto) and cultured with PWM (1:100), TT (10 pg/ml), or media alone
for 10 days as described in MATERIAL AND METHODS. At the end of the culture period, TT-
specific IgM was determined by ELISA." Data presented are the mean and SEM for triplicate
wells of individual experiments. Units of TT Ab are based on a normal reference serum.
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FIG. 3. Effect of ketoprofen added in vitro on proliferation of B cells from patients with CVI and
normal donors to HMW-BCGF and LMW-BCGF. B cells were purified from donors, and prolif-
eration assays were performed as described in MATERIAL AND METHODS. B celis were stim-
ulated with HMW-BCGF (20 ng/ml), LMW-BCGF (10 ng/ml), or media alone in the presence or
absence of ketoprofen, 10 pg/ml. Triplicate wells were used for each point {SEM < 10%), and
the stimulation indices were determined by *H-thymidine incorporation anti-mu plus BCGF/*H-
thymidine incorporation anti-mu. LMW-keto equals LMW-BCGF plus ketoprofen, and HMW-keto
equals HMW-BCGF plus ketoprofen. M. K. B., A. B., C. C,, J. F, and J. T. represent different
patients with CVI described in a previous publication," and normai No. 1 and normal No. 2 are
different normal volunteers. The proliferation induced by ketoprofen plus HMW-BCGF was sta-
tistically greater than the proliferation induced by HMW-BCGF alone for patients M. K. B.
{p = 0.001), A. B. (p = 0.002), J. F. {p = 0.001), and J. T. {p = 0.001); no significant increase
was noted for C. C. (p = 0,018) or normal No. 1 (p = 0.078). Normal No. 2 proliferated better
to HMW-BCGF alone than to HMW-BCGF plus ketoprofen.

its absence (Fig. 3). In the B cells of two patients
(J. F. and H. T.), 5 pg/ml of NDGA was found to
be equivalent to 10 pg/ml of ketoprofen in enhancing
responsiveness to HMW-BCGF, whereas 10 pg/ml
of indomethacin had no effect (data not presented).
Interestingly, neither ketoprofen, NDGA, nor indo-
methacin had significant effects on normal HMW-
BCGF—-induced B cell proliferation (Fig. 3; data not
presented).

Examination of Ag-specific Ab secretion by the B
cells of the patients with CVI (Fig. 4) revealed that
ketoprofen improved KILLH-specific [gM production by
the B cells of four of five patients and KLLH-specific
IgG production by the B cells of one of the five pa-
tients. No beneficial effects of ketoprofen on Ab se-
cretion were noted for the B cells from the normal
donors. B cells from patients J. F. and J. T. dem-
onstrated similar enhancement of KLH-specific IgM
and IgG with NDGA as with ketoprofen (data not
presented).

Thus, in selected patients wtih CVI, ketoprofen
used in vitro improved B cell proliferation of HMW-

BCGF as well as secretion of Ag-specific Ab. Keto-
profen was presumably acting via inhibition of li-
poxygenase because similar effects to ketoprofen were
observed with NDGA but not indomethacin.

Use of oral ketoprofen in a second patient
with CVI

The patient with CVI, M. K. B., who was newly
diagnosed and whose B cells demonstrated improved
B cell function in the presence of in vitro ketoprofen,
was studied initially when she was not receiving med-
ication and then after she had been taking ibuprofen,
400 mg t.i.d., for several weeks. After stopping ibu-
profen, she was treated with ketoprofen, 75 mg t.i.d.,
and studied after several months. At no time, when
she was taking either ibuprofen or ketoprofen, was
proliferation of her B cells to HMW-BCGF in vitro
improved over what was noted on the initial study,
when she was not receiving medication (data not
presented'?). In contrast, M. K. B.’s B cells dem-
onstrated dramatic improvement in Ag-specific Ab
production in vitro while she was taking ketoprofen,
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FIG. 4. Effect of ketoprofen added in vitro on production of KLH-specific Ab by B cells from
patients with CVI and normal donors. MNCs from patients with CVI and normal donors, who
had been immunized with KLH as previously described,' were cultured for 10 days with PWM
in the presence or absence of ketoprofen, 10 pg/mi. At the end of the culture period, KLH-
specific Ab was determined by ELISA. Data presented are the mean and SEM of triplicate wells
for PWM-stimulated cultures. |gG-keto and IgM-keto denote immunoglobulin levels of wells
containing ketoprofen. The same patients with CVl and normal volunteers were used for these

studies as for the studies in Fig. 3.

but not ibuprofen. Secretion of TT-specific as well as
KLH-specific IgM and IgG were increased while
MKB was taking oral ketoprofen (Fig. 5).

Serum immunoglobulins did not increase when ei-
ther M. K. B. or H. B. were taking oral ketoprofen.
And, as illustrated in Fig. 6, only small increases in
serum anti-KLH and anti-TT-specific Abs were noted
when these two patients were taking ketoprofen. Nor-
mal donors have serum anti-KLH and anti-TT Abs in
the range of 50 to 100 U/ml, compared to the max-
imum serum IgM anti-KLH or anti-TT Ab levels of
7 U/ml observed for M. K. B. M. K. B. demonstrated
a greater enhancement in serum Ag-specific Abs while
she was taking ketoprofen than H. B. and was able
to take ketoprofen for more than 36 months without
developing a clinically apparent infection. H. B. took
ketoprofen for 9 months but started receiving im-
munoblogulin replacement at the end of that time be-
cause he was feeling devoid of energy and losing
weight.

DISCUSSION

We have demonstrated that an oral cyclooxygenase
and lipoxygenase inhibitor, ketoprofen, improved in
vitro B cell function in two patients with CVI. No
increase in serum immunoglobulin levels and only
small increases in serum anti-TT and anti-KLH Ab
levels were noted in these patients while they were

taking ketoprofen. The B cells from three additional
patients with CVI demonstrated improved prolifera-
tion and differentiation in the presence of in vitro
ketoprofen, but these patients were not administered
trials of oral ketoprofen. No significant effects of in
vitro ketoprofen were noted on the proliferation or
differentiation of B cells from normal donors. These
studies emphasize the potential for abnormal produc-
tion of lipoxygenase products of AA to contribute to
the B cell dysfunction observed in CVI. Also, since
both patients remained infection free while they were
taking ketoprofen, it is possible that the small in-
creases in serum Ag-specific Ab levels were sufficient
to assist in the handling of exogenous antigenic chal-
lenges.

Lipoxygenase products of AA have been implicated
in the pathophysiology of several diseases, including
asthma, psoriasis, rheumatoid arthritis, inflammatory
bowel disease, and autoimmune nephritis.?® * No
studies have yet implicated lipoxygenase products of
AA in the pathophysiology of CVI, but previous stud-
ies examining both normal and CVI lymphocyte func-
tion suggest how they might be involved. Several au-
thors have noted patients with CVI in whom excess
suppressor T cell function was responsible for the Ab
deficiency.” 2 Various studies demonstrated that the
lipoxygenase products, LTB, and LTC,, can suppress
immunoglobulin production by inducing proliferation
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FIG. 5. Effect of oral ibuprofen and ketoprofen on in vitro Ag-specific Ab secretion by B celis
from a patient with CVI, M, K. B. MNCs from patient M. K. B. with CVI were obtained after KLH
immunization' while she was not receiving medication, ibuprofen, 400 mg t.i.d., or ketoprofen,
75 mg t.i.d. Cells were cultured with PWM for 10 days and then KLH- and TT-specific lgG and

IgM, determined by ELISA, as previously described.' Data presented are the mean and SEM
for triplicate wells.

HB TS AAS AT,
pre-keto & : .
TT-IgM
HB g/ TT-IgG
on-keto B KiHigMm
‘ ) B KH4gG
HB Y
post-keto* ‘
MKB W
pre-keto
MKB WJM’/MWW//A’//MK//&'M#%/J’WWM
on-keto
MKB
post-keto#

0 2 4 6 ' 8
Serum Antigen Specific Ig (Units/mi)

FIG. 6. Ag-specific Ab in the sera of patients with CVI, H. B. and M. K. B., during oral ketoprofen
therapy. Sera were drawn before fpre-keto), during (on-keto, after having received ketoprofen,
75 mg t.i.d., for 3 months), and after (post-keto; H. B. had stopped ketoprofen 6 months before
having the serum drawn, but M. K. B. had stopped ketoprofen only 2 weeks before having the
serum drawn) ketoprofen therapy and analyzed by ELISA for Ag-specific Ab, as described in
MATERIAL AND METHODS." The reference sera for KLH and TT Abs are defined as 100 U/ml.
(The average donor varies from 50 to 200 U/ml of KLH- and TT-specific gG and igM.) The value
determined for each sample by ELISA is the mean of quadruplicate wells (SEM < 10%). All
samples were analyzed at the same time and on the same set of ELISA plates.
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of suppressor T cells.? * Lipoxygenase products of
AA can have direct effects on B-lymphocyte function.
LTC, added exogenously directly inhibits immuno-
globulin secretion by purified B cells or B cell lines.™
Other lipoxygenase products of AA that are generated
intracellularly, especially 5-hydroxyeicosatetraenoic
acid, may function to limit the amount of B cell pro-
liferation induced by a mitogenic signal.*" * Thus,
either increased production of lipoxygenase products
by accessory cells acting on B- or T-lymphocytes or
increased production of lipoxygenase products intra-
cellularly by B- or T-lymphocytes could result in re-
duced immunoglobulin production. Whether either of
these conditions is present in CVI will be an area for
future research.

Furthermore, despite previous studies demonstrat-
ing the ability of ketoprofen to inhibit 5-lipoxygen-
ase,” our data using ketoprofen must be interpreted
with caution because ketoprofen may have additional
unknown effects besides inhibition of cyclooxygenase
and S-lipoxygenase. Similar studies will have to be
done with more selective 5-lipoxygenase inhibitors
that have recently become available for both in vitro®
and in vivo* use. Future studies will determine
whether subgroups of patients with CVI exist who
may benefit from specific 5-lipoxygenase inhibition.

Study-subject coordination

The patients followed in this study were under the
approval of the Institutional Review Board of the Jew-
ish Hospital of St. Louis, and the patients at the Na-
tional Institutes of Health were followed under the
approval of the Intramural Institutional Review Board
of the National Institute of Allergy and Infectious
Diseases.

We thank Rebecca H. Buckley, MD, Marion G. Peters,
and Anthony S. Fauci, MD, for helpful discussions and
encouragement throughout these studies, Viola Hibbard and
Debra Miller for help with care of the patients, Howard
Mostowski, Cynthia H. Jurgensen, and Normal Witzel for
technical assistance, and Karon Hertlein for editorial assis-
tance.
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