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Abstract

The hyper-IgE (HIE) syndrome is characterized by high IgE
serum levels, chronic dermatitis, and recurrent infections. The
mechanisms responsible for hyperproduction of IgE in HIE
patients are presently unknown. We investigated whether
spontaneous in vitro IgE synthesis by PBMC from seven HIE
patients was sensitive to signals (cell adhesion, T/B cell cog-
nate interaction and lymphokines: IL-4, IL-6, and IFN-v)
known to regulate IgE induction in normals. Our results show
that, unlike IL-4 dependent IgE synthesis induced in normals,
spontaneous IgE production by PBMC from HIE patients was
not blocked by monoclonal antibodies to CD2, CD4, CD3, and
MHC class II antigens. Furthermore, antibodies to IL-4 and
IL-6 did not significantly suppress IgE production. IFN-vy had
no significant effects on spontaneous in vitro IgE synthesis. To
test whether an imbalance in lymphokine production might
underlie hyperproduction of IgE in HIE patients, mitogen-in-
duced secretion of IL-4 and IFN-y by PBMC was assessed. No
significant difference was detected between HIE patients and
normal controls. Thus, ongoing IgE synthesis in the HIE syn-
drome is largely independent of cell-cell interactions and en-
dogenous lymphokines, and is due to a terminally differen-
tiated B cell population, no longer sensitive to regulatory sig-
nals. (J. Clin. Invest. 1990. 85:1666-1671.) interleukin 4
interleukin 6 « interferon-y « B cell differentiation « cell-cell
interactions

Introduction

The hyper-IgE (HIE)! syndrome is a complex disorder charac-
terized by high levels of serum IgE, chronic dermatitis and
recurrent serious infections (1). The etiology of the HIE syn-
drome is unknown. There is evidence to suggest that HIE
patients have T cell defects, which include impaired in vivo
and in vitro T cell-mediated responses to specific antigens and
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defective antibody responses, particularly to polysaccharides
(reviewed in 2, 3). The mechanisms responsible for increased
IgE production in the HIE syndrome are unknown.

The regulation of IgE synthesis in man has been exten-
sively investigated in recent years. We have shown that the
induction of IgE synthesis by normal human B cells requires
two signals: the T cell-derived lymphokine IL-4 and cognate
interaction between the T cell receptor (TCR)/CD3 complex
on CD4* T cells and MHC class II antigens on B cells (4).
IL-4-dependent IgE production is amplified by lymphokines,
i.e., IL-5 and IL-6 (5, 6). IFN-vy has also been implicated in the
regulation of IgE synthesis, as an antagonist to IL-4 (7). Re-
combinant (r) IFN-vy inhibits IgE synthesis induced by IL-4 (8,
9); furthermore, T cell clone supernatants containing IL-4 and
IFN-y in high concentrations induced IgE production only
when anti-IFN-vy antibodies were added (10). The mechanisms
of action and the cellular targets of IFN-vy are, however, still
controversial (11).

In this paper, we have investigated the role played by cel-
lular interactions and lymphokines in the regulation of sponta-
neous IgE synthesis by PBMC from patients with the HIE
syndrome. Our data indicate that spontaneous in vitro IgE
synthesis in the HIE syndrome is largely independent of en-
dogenous lymphokines (IL-4, IL-6) and T/B cell cognate in-
teractions, and is likely to be due to a terminally differentiated,
autonomous B cell population.

Methods

Patients. Seven children were studied, in whom the HIE syndrome was
diagnosed according to the criteria defined by Buckley and Becker (1).
All children had a history of chronic dermatitis and recurrent infec-
tions, and elevated levels of serum IgE. Clinical characteristics of most
of the patients included in this study have been previously described in
detail (2, 3). Consent was obtained from all subjects or from their
parents before obtaining blood for these studies.

Interleukins and antibodies. Human rIL-4 was used in a purified
form (sp act: 1.2 X 107 U/mg). Human rIL-6 (specific activity: 5 X 10°
U/mg) and a neutralizing polyclonal goat IgG anti-IL-6 antibody were
a kind gift of T. Kishimoto and T. Hirano (Osaka University, Japan).
rIFN-y (sp act: 2.02 X 107 U/mg) was kindly provided by Genentech
(San Francisco, CA). A polyclonal rabbit antibody to IL-4 was a kind
gift of Dr. J. de Vries (DNAX, Palo Alto, CA). Anti-HLA-DR (clone
L1243, 1gG2a specific for a nonpolymorphic HLA-DR epitope), anti-
Leu 4 (IgGl anti-CD3), anti-Leu 3a (IgG1 anti-CD4), anti-Leu 2a
(IgG1 anti-CD8), anti-Leu 5b (IgG2 anti-CD2) monoclonal antibodies
(MAbs), as well as the appropriate isotype controls, were obtained
from Becton Dickinson (Mountain View, CA).

Cell cultures. PBMC were isolated from heparinized venous blood
by density gradient centrifugation on Ficoll-Hypaque (Pharmacia Fine
Chemicals, Piscataway, NJ), washed three times in Hanks’ balanced
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salt solution (Microbiological Associates, Bethesda, MD) and resus-
pended at 1.5 X 10° cells/ml in RPMI 1640-10% heat-inactivated FCS
(Hyclone, Sterile Systems, Inc., Logan, UT) supplemented with 2 mM
L-glutamine, 50 ug/ml streptomycin, and 100 U/ml penicillin (com-
plete medium). Cells were cultured at 37°C in a 5% CO, humidified
atmosphere. Control cultures for the evaluation of preformed IgE were
set up in the presence of cycloheximide (100 pg/ml). Lymphokines and
antibodies were added as indicated for each experiment in Results.
After 9-10 d, culture supernatants were harvested and assessed by RIA
for their IgE content. Net IgE synthesis was evaluated by subtracting
IgE concentrations found in cycloheximide-treated cultures from IgE
values found in untreated cultures.

RIA for IgE. The assay was performed in flexible flat bottom mi-
crotiter plates (Cooke Laboratory Products, Alexandria, VA) at room
temperature as previously described (12). The wells were coated with
0.1 ml of a 1:1 mixture of purified anti-Fce MAbs (7.12 and 4.15, a
kind gift of A. Saxon, University of California, Los Angeles), 2 ug/ml
in carbonate-bicarbonate buffer, pH 9.6. After a 16-h incubation, the
wells were washed, blocked with PBS-10% horse serum (HS) for 2 h
and subsequently washed three times with PBS-1% HS. 0.1 ml of
culture supernatant or different dilutions of IgE standard (Pharmacia
Fine Chemicals) were then added to the wells in triplicate and incu-
bated for 16 h in a humidified chamber. The wells were then washed
twice with PBS-1% HS containing 0.5% Tween 20, twice with PBS-1%
HS, and finally incubated with 0.1 ml of Phadebas RAST '*I-anti-
human IgE (ND) (Pharmacia) for 6 h. The wells were then washed
three times with PBS-1% HS, eight times under running distilled water,
cut out, and counted in a gamma spectrometer (Tracor Analytic Co.,
Elk Grove Village, IL). The concentrations of IgE in the supernatants
were read from the standard curve. The lower limit of sensitivity of this
assay is 150 pg/ml. This assay was validated in a recent multicenter
collaborative assessment of the variability of IgE measurement in cell
culture supernatants (13).

Preparation of PBMC supernatants. PBMC from HIE patients and
age-matched normal controls were suspended at 5 X 10° cells/ml in
serum-free AIM-V medium (Gibco Laboratories, Grand Island, NY)
for IL-4 assay (14), or at 1 X 10% cells/ml in complete medium for
IFN-y and IL-2 determinations. Cells were stimulated with Con A
(Calbiochem-Behring Co., La Jolla, CA; 10 ug/ml) or phorbol myris-
tate acetate (50 ng/ml PMA; Sigma Chemical Co., St. Louis, MO)
+ 0.5 M ionomycin (Calbiochem-Behring). After 24 h (for IL-4
assays) and 48 h (for IFN-y and IL-2 assays), the supernatants were
harvested and stored at —80°C.

Assays for lymphokine production. IL-4 concentrations in PBMC
culture supernatants were determined by enzyme immunoassay (EIA).
Briefly, 96-well polystyrene plates (high binding grade; Corning, Palo
Alto, CA) were coated overnight at 4°C with a purified murine MAb
specific for human riL-4 (rthu IL-4M1, 5 pg/ml in PBS). All subsequent
steps were performed at room temperature and PBS-0.05% Tween 20
was used for washing. The antibody solution was removed, and the
wells were washed and blocked with non-fat dry milk (Carnation, Los
Angeles, CA 5% in PBS) for 1 h. After washing, samples or human
rIL-4 standards diluted in PBS-10% goat serum were added to the wells
for 1 h. The plates were subsequently washed, incubated for 1 h with a
rabbit anti-human rIL-4 antiserum (14) diluted in PBS-10% goat
serum, washed again, and finally incubated for 1 h with goat anti-rab-
bit horseradish peroxidase (EIA grade; Bio-Rad Laboratories, Rich-
mond, CA) diluted in PBS-5% non-fat dry milk. After washing, the
plates were developed with a 1:1 (vol/vol) mixture of peroxidase and
tetramethylbenzidine substrate solutions (Kirkegaard & Perry Labora-
tories, Inc., Gaithersburg, MD). ODgs, was determined after 15-30
min of incubation. This assay has a lower limit of sensitivity of ~ 15
pg/ml, and does not cross-react with human rIFN-y, IL-1a, IL-18,
IL-2, IL-3, IL-5, IL-6, IL-7, G-CSF, GM-CSF, and CSF-1 at concen-
trations of 1 pg/ml.

IFN-y concentrations were determined using a specific, commer-
cially available RIA (Centocor, Malvern, PA), whose lower limit of

sensitivity is 0.1 U/ml. IL-2 concentrations in the supernatants were
determined by a bioassay (kindly performed by Dr. R. Miller, Boston
University, Boston, MA) which measured the proliferation of murine
CTLL cells in response to the supernatants.

Statistical analysis. Data were analyzed by the ¢ test for paired or
independent samples.

Resuits

Clinical findings and serum IgE levels. The clinical character-
istics of the seven patients with the HIE syndrome included in
this study are shown in Table I. Their age ranged from 8 to 30
yr, and they comprised four females and three males. Serum
IgE levels at presentation were markedly elevated in all the
patients.

Role of cell-cell interactions in spontaneous IgE synthesis
by PBMC from HIE patients. We have previously shown that
MADs to the cell adhesion molecules CD2 and CD4, but not
CDS8, inhibit T cell-dependent induction of human IgE synthe-
sis by rIL-4 (4). To investigate whether spontaneous in vitro
IgE synthesis in the HIE syndrome is regulated by similar
signals, we assessed the effect of these MAbs on in vitro IgE
production by PBMC from HIE patients. Table II shows that
addition of MAbs to CD2 and CD4, at concentrations known
to inhibit strongly, and often completely, IL-4 dependent in-
duction of IgE synthesis by normal PBMC (4), had no signifi-
cant effect on spontaneous IgE synthesis by PBMC from HIE
patients. As expected, addition of anti-CD8 MAD did not af-
fect in vitro IgE synthesis. Thus, cell adhesion is not required
for spontaneous IgE production in HIE patients.

Our previous experiments had shown that IL-4-dependent
induction of IgE synthesis by normal PBMC was consistently
and completely blocked by both anti-CD3 and anti-MHC class
II MAbs, because these MAbs inhibit cognate interaction be-
tween the TCR/CD3 complex and MHC class II antigens (4).
By contrast, Table III shows that anti-MHC class II and anti-
CD3 MAbs, at concentrations which abolished I1L.-4-depen-
dent IgE synthesis by normal PBMC (4), did not significantly
affect spontaneous IgE synthesis by PBMC from HIE patients.
The finding that anti-CD3 and anti-MHC class II MAb did not
inhibit spontaneous IgE production suggests that ongoing IgE
synthesis by PBMC from HIE patients does not require cog-
nate T/B cell interactions.

Role of lymphokines in spontaneous IgE synthesis by
PBMC from HIE patients. We next asked whether spontane-
ous IgE synthesis in HIE patients is dependent on endogenous
IL-4 or IL-6. Table IV shows that no significant inhibition of
spontaneous IgE synthesis was observed with an anti-IL-4 an-
tibody that completely blocked IgE induction by IL.-4-produc-
ing T cell clones (4, 8), or with an anti-IL-6 antibody which
inhibited IL-4-dependent IgE production by normal B cells
(6). Thus, a substantial synthesis of IgE can occur in HIE
patients without the contribution of endogenous IL-4
and IL-6.

We then investigated whether addition of exogenous
rIFN-y might modulate spontaneous IgE production by
PBMC from HIE patients. As shown in Table V, rIFN-y had
no significant effect on baseline IgE synthesis.

Lymphokine release by PBMC of HIE patients. Although
the previous experiments had shown that the sustainment of
IgE synthesis in HIE patients is no longer dependent on endog-
enous lymphokines, the possibility existed that the initiation of
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Table I. Clinical Findings in Patients with the Hyper-IgE Syndrome

Patient Age/Sex Serum IgE* Infections Other features

Dermatitis, coarse facies, bone fractures,

1 21/F 19,800 Staphylococcus: pneumenia, abscesses, cellulitis, osteomyelitis
allergic rhinitis, keratoconjunctivitis

Candida: meningitis, pneumonia, skin
Pseudomonas: pneumonia

Herpes zoster: skin

Aspergillus: pneumonia

2 11/M 13,500 Staphylococcus: pneumonia, abscesses, osteomyelitis Dermatitis, coarse facies, bone fractures

Candida: esophagitis, skin
Haemophilus: otitis, abscesses
Dermatitis, coarse facies, bone fractures,

3 11/F 24,000 Staphylococcus: abscesses, sinusitis, pneumonia
allergic rhinitis, keratoconjunctivitis

Candida: skin, buccal mucosa
Haemophilus: cellulitis
Herpes zoster: skin, eyes
Dermatitis, coarse facies, asthma/

4 10/M 19,500 Staphylococcus: septic arthritis, pneumonia, abscesses, cellulitis
allergic rhinitis, keratoconjunctivitis

Herpes simplex: skin, eyes

5 1I/M 1,950 Staphylococcus: abscesses, cellulitis, pneumonia, sinusitis Dermatitis, coarse facies
Candida: skin, buccal mucosa

6 8/F 32,700 Staphylococcus: skin Dermatitis, coarse facies

Haemophilus: pneumonia

7 30/M 990 Staphylococcus: skin, knee synovium, brain, lung Coarse facies, cranial synostosis

* At presentation (IU/ml).

the IgE response resulted from an imbalance in the production rection had to be made for the number of T cells and/or the
of lymphokines, particularly IL-4 and IFN-y, which play cru- profile of T cell subsets, because these were essentially normal
cial and antagonistic roles in the regulation of IgE synthesis in our patients (data not shown).

(reviewed in 15). We therefore investigated the ability of

PBMC from HIE patients to secrete IL-4 and IFN-y upon Discussion

mitogen stimulation. IL-2 release was also assessed, as a con-
trol. As shown in Table VI, lymphokine secretion induced by
PMA + ionomycin was not significantly different in HIE pa-
tients and age-matched normal controls. Similar results were
obtained by assessing lymphokine concentrations in superna-
tants from Con A-activated PBMC (data not shown). No cor-

Our results show that the B cells that spontaneously secrete IgE
in HIE patients are no longer sensitive to regulatory signals
known to modulate IgE induction in normals. Unlike IL-4
dependent IgE synthesis induced in normals (4, 6), ongoing in
vitro IgE production by PBMC from HIE patients was not

Table I1. Disruption of Cell Adhesion Does Not Inhibit Spontaneous In Vitro IgE Synthesis by PBMC from HIE Patients

Net IgE synthesis (pg/ml)
Patient MADb added: Nil anti-CD2 anti-CD4 anti-CD8
1 13,200 8,550 12,750 10,650
2 4,200 5,700 3,800 3,350
3 8,100 11,900 11,000 9,700
4 9,700 15,000 20,100 20,100
Mean+SD 8,800+3,733 10,287+4,036* 11,912+6,692* 10,950+6,907*

Unfractionated PBMC (1.5 X 109 cells/ml) from HIE patients were cultured in the presence of medium or anti-CD2 (1 ug/ml), anti-CD4 (2.5
ug/ml) and anti-CD8 (1 pg/ml) MAbs. After 9-10 d, culture supernatants were harvested and assessed by RIA for their IgE content. Net IgE
synthesis was evaluated by subtracting IgE concentrations found in cycloheximide-treated cultures from IgE values found in untreated cultures.

Statistical analysis was performed by the ¢ test for paired samples. * Not significant (P > 0.05).
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Table II1. Role of T/B Cell Cognate Interactions in Spontaneous
In Vitro IgE Synthesis by PBMC from HIE Patients

Net IgE synthesis (pg/ml)

anti-MHC
Patient MAD added: Nil class I anti-CD3
1 13,200 16,950 4,000
2 4,200 6,900 1,200
3 8,100 6,200 9,900
4 9,700 8,800 7,700

Mean+SD 8,800+3,733 9,712+4,948* 5,700+3,863*

Unfractionated PBMC (1.5 X 10° cells/ml) from HIE patients were
cultured in the presence of medium, anti-CD3 (0.1 ug/ml) or anti-
MHC class II (HLA-DR: 2.5 ug/ml) MAbs. After 9-10 d culture su-
pernatants were harvested and assessed by RIA for their IgE content.
Net IgE synthesis was evaluated as described in the legend to Table
I1. Statistical analysis was performed by the ¢ test for paired samples.
* Not significant (P > 0.05).

significantly blocked by antibodies specific for IL-4, IL-6,
CD2, CD4, CD3, or MHC class II antigens. Taken together,
these results indicate that spontaneous IgE synthesis in HIE
patients is largely independent of endogenous lymphokines,
T/B cell cognate interaction, or cell adhesion. Ongoing in vitro
production of IgE in the HIE syndrome is derived from an in
vivo preactivated B cell population which is terminally differ-
entiated and functionally autonomous. This conclusion is in
agreement with previous results from us and others (16-18),

Table 1V. Effects of Antibodies to IL-4 and IL-6 on Spontaneous
In Vitro IgE Synthesis by PBMC from HIE Patients

Patient Net IgE synthesis (pg/ml)

Antibody added: Nil Anti-IL-4

1 13,200 12,300

2 4,200 1,900

3 1,300 1,625

4 5,800 2,400
Mean+SD 6,125+5,071 4,556+5,172*

Antibody added: Nil Anti-IL-6

1 19,000 6,600

2 1,300 1,200

3 8,100 4,450

4 9,700 3,100

6 9,600 8,060
Mean+SD 9,540+6,314 4,682+2,728*

Unfractionated PBMC (1.5 X 10° cells/ml) from HIE patients were
cultured with medium or a polyclonal antibody specific for IL-4
(1:500) or IL-6 (100 ug/ml). After 9-10 d, culture supernatants were
harvested and assessed by RIA for their IgE content. Net IgE synthe-
sis was evaluated as described in the legend to Table II. Statistical
analysis was performed by the ¢ test for paired samples.

* Not significant (P > 0.05).

and finds further support in the observation that no significant
upregulation of in vitro IgE synthesis by PBMC from HIE
patients occurred upon stimulation with rIL-4 or rIL-6 (data
not shown). Our results, however, do not rule out the possibil-
ity that spontaneous IgE production by B cells from HIE pa-
tients may be modulated by cytokines and/or factors other
than the ones studied herein, e.g., potentiating factors acting
on IgE-bearing B cells (17, 19).

The finding that an anti-IL-4 antibody does not signifi-
cantly inhibit spontaneous in vitro IgE synthesis in HIE pa-
tients is not surprising, in view of results recently obtained in
vivo in the murine model (20). In the latter, an anti-IL-4 anti-
body injected late in the course of the IgE response did not
block the synthesis of IgE induced by administration of goat
anti-mouse IgD antibody, or inoculation of Nippostrongylus
brasiliensis. Inhibition was, however, complete when the anti-
IL-4 antibody was administered in the initial phase of the
response. This suggests that IL-4 triggers IgE production by
acting at an early, relatively brief, stage.

Our preliminary report, in abstract form (21), of an imbal-
ance in lymphokine production (i.e., increased release of IL-4
and decreased release of IFN-v) by PBMC from HIE patients
was not confirmed in the present study, in which a larger group
of patients and normal controls were simultaneously investi-
gated. To induce lymphokine secretion, PBMC from HIE pa-
tients were stimulated with Con A or PMA + ionophore. Con
A activates T cells through the TCR/CD3 complex (22). HIE
patients, however, have defective proliferative responses to
specific antigens, which may in turn reflect alterations in
TCR/CD3-mediated signaling. In addition to Con A, we there-
fore used PMA + ionophore, because signaling of T cells by
the latter agents bypasses surface receptors and does not re-
quire accessory cells (reviewed in [23]). Furthermore, it has
recently been shown that stimulation with PMA + ionophore
is optimal for the induction of IL-4 and IFN-y mRNA in
normal PBMC (14). Regardless of the stimulation protocol, no
significant difference in the production of IFN-y and/or IL-4
was detected in HIE patients and normal controls.

These data indicate that no immediate causal relation can
be established between increased production of IgE and lym-
phokine secretion in HIE patients. Hyperproduction of T cell-
derived IL-4 (absolute, or relative to IFN-v) may occur, but
mainly at a local and/or peripheral level, thus escaping our
detection. In this respect, it has been observed that most circu-
lating B cells from patients with hyper-IgE states bear CD23/
FceR2b on their membrane (Kishimoto, T., unpublished ob-
servation). This indirectly suggests that IL-4 may be abnor-
mally secreted in HIE patients, because the expression of
FceR2b on B cells is IL-4 dependent (24). IL-4 and other lym-
phokines now shown to play a role in IgE synthesis may have
contributed to the IgE-inducing activity previously detected in
supernatants from T cells of HIE patients (25). The frequent
finding of eosinophilia in patients with the HIE syndrome (3)
also supports this hypothesis, because eosinophil differentia-
tion is induced by IL-5 (26), which is produced by T cell clones
concomitantly with IL-4 (8, 15).

IL-4 may also be derived from a non-T cell source. It has
recently been shown that murine mast cells secrete IL-4 in
response to cross-linkage of the high affinity receptor for IgE or
to calcium ionophores (27). Should this be demonstrated in
humans as well, mast cells would represent a local source of
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Table V. Effects of IFN-y on Spontaneous In Vitro IgE Synthesis by PBMC from HIE Patients

Net IgE synthesis (pg/ml)
Patient Stimulant: Nil IFN-y
20 U/ml 100 U/ml 500 U/ml
1 19,000 8,500 8,200 9,200
2 1,300 1,700 1,250 1,500
3 8,100 7,300 7,800 5,800
4 5,800 9,050 4,500 3,850
6 9,600 8,800 3,700 ND
Mean+SD 8,760+6,527 7,070+3,076* 5,090+2,917* 5,087+3,256*

Unfractionated PBMC (1.5 X 10° cells/ml) from HIE patients were cultured with medium or IFN-v at different concentrations. After 9-10 d,
culture supernatants were harvested and assessed by RIA for their IgE content. Net IgE synthesis was evaluated as described in the legend to
Table II. Statistical analysis was performed by the ¢ test for paired samples. * Not significant (P > 0.05).

IL-4, which may provide one of the two signals necessary to
activate B cells into IgE secretion (4). The second signal may
be provided by polyclonal activators, acting directly on B cells.
In this respect, we and others have recently shown that stimu-
lation with rIL-4 and EBV induces IgE synthesis by highly
purified normal human B cells (28) (D. Vercelli et al. Manu-
script in preparation). Thus, activation of B cells by EBV can
replace activation via T/B cell cognate interaction. It is tempt-
ing to speculate that hyperproduction of IgE in the HIE syn-
drome may derive, at least in part, from T cell-independent
mechanisms.

Table VI. Lymphokine Production by PBMC from Patients
with the HIE Syndrome

Lymphokine secretion

Patient 1L4 IFN-y IL-2
pg/ml U/ml U/ml
1 620 1,200 1,040
2 300 740 650
3 387 790 ND
4 340 1,890 630
5 100 1,480 330
6 ND 680 ND
7 600 2,320 ND
Mean+SD: 391195 1,300+631 662+291
Normals: 724+672* 966+562* 673+480*
(n=11) (n=18) (n=25)

PBMC from HIE patients and age-matched normal controls were
suspended at 5 X 10° cells/ml in serum-free AIM-V medium for IL-4
assay, or at 1 X 10° cells/ml in complete medium for IFN-y and IL-2
determinations. The cells were stimulated with PMA (50 ng/ml)

+ ionomycin (0.5 uM); after 24-48 h, the supernatants were har-
vested and stored at —80°C. IL-4 and IFN-y concentrations in
PBMC supernatants were determined by EIA and RIA, respectively.
1L-2 concentrations were assessed by bioassay. Statistical analysis was
performed by the ¢ test for independent samples. * Not significant
(P> 0.05).
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