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SUMMARY

Rheumatoid factors (RFs) are autoantibodies directed against the Fc part of IgG. Considerable evidence

exists that there are two classes of RFs, pathological and physiological. Whereas pathological RFs are

associated with disease, physiological RFs are considered to be a normal component of the immune

response. RF1 precursor B cells present as part of the B cell repertoire of healthy individuals are held

responsible for the production of physiological RFs, which is a transient phenomenon with a clear

correlation with an initiating stimulus such as immunization or exposure to an infection. Here we

demonstrate a difference in the regulatory control of total Ig and RF production by peripheral blood (PB)

B cells of both healthy controls (HC) and patients with rheumatoid arthritis (RA). Highly purified B cells

from HC and patients with RA were cocultured with T cells stimulated with immobilized anti-CD3

mAb. Similar to IgM production, IgM-RF production was shown to be dependent on CD40 cross-

linking. However, activation of PB B cells in the CD40 system in the presence of IL-2, IL-4, IL-10,

combinations of these cytokines or supernatant of anti-CD3-stimulated T cells failed to induce

detectable IgM-RF, whereas total IgM production was considerable. From these results we conclude that

conditions to activate physiological RF1 B cells require additional contact besides CD40±CD40L

interactions between T and B cells. Since the requirements for RF production were similar using PB B

cells from HC and patients with RA it is suggested that the regulatory properties of RF1 precursors in

the PB B cell compartment is equal among these groups. Together, these results indicate that conditions

for the induction of total Ig and physiological RFs are different.
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INTRODUCTION

Rheumatoid factors (RFs), which were first discovered in the

serum of patients with rheumatoid arthritis (RA), are autoanti-

bodies directed against the Fc part of IgG. Their persistent

presence in the circulation is a hallmark of RA and high titres

were shown to correlate with more severe disease [1,2]. RFs in RA

are believed to contribute to local inflammation by immune

complex formation and complement activation [3]. However,

production of RFs is not unique for patients with RA. RFs can also

be detected in sera of apparently healthy individuals after

secondary, T cell-dependent, antibody responses [4,5]. In contrast

to RFs in RA, these RFs are of low affinity and titre and may

represent a normal component of the immune response. Based on

the appearance of RFs with pathological significance on the one

hand and RFs as part of the normal immune physiology on the

other hand, it is believed that there are two classes of RFs,

pathological and physiological. Evidence exists that pathological

RFs are structurally different from physiological RFs. Physiolo-

gical RFs are usually polyreactive, have restricted V gene usage

and are predominantly of the IgM isotype, whereas pathological

RFs have a broad V gene usage and are isotype-switched and

contain somatic mutations, indicative that these RFs result from an

antigen-driven immune response [3,6,7]. Accordingly, recent data

indicate that the persistent presence of circulating RFs is derived

from terminally differentiated plasma cells [8,9]. In contrast,

precursor B cells present in the B cell repertoire of healthy

individuals are held responsible for the production of physiolo-

gical RFs, which is a transient phenomenon with a clear

correlation with an initiating stimulus. Such initiating events can

be active immunization or exposure to bacterial, viral or parasitic

infections [10±13]. It is believed that the activation of precursor B

cells to produce RFs is T cell-dependent. RF1 B cells are thought

to interact with T helper (Th) cells during a secondary immune
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response to foreign Ag to which the T cells react, in the context of

IgG as part of an immune complex [14,15]. However, in contrast

to antibodies directed against foreign Ag, physiological RFs show

no increase in affinity [16]. An in vitro model for T cell-dependent

precursor B cell activation has been established by utilizing

immobilized anti-CD3 to activate Th cells to stimulate RF

precursors.

The current studies were undertaken to compare the require-

ments of physiological RF production by peripheral blood (PB) B

cells to those of total Ig production. For this purpose we

cocultured PB B cells with T cells stimulated by anti-CD3

mAb. Here we demonstrate that both total Ig and physiological RF

synthesis by PB B cells are dependent on CD40 activation.

However, activation of PB B cells in the CD40 system in the

presence of IL-2 and IL-10, leading to efficient total Ig

production, failed to induce detectable RF. Moreover, in contrast

to total Ig production RF production increased upon increasing

amounts of anti-CD3 used to stimulate T cells. These results

indicate differential requirements in the induction of total Ig and

physiological RFs.

MATERIALS AND METHODS

Study subjects

Heparinized PB was obtained from RA patients with increased

serum RF titres who were seen at the Department of Rheumatol-

ogy of the Leiden University Medical Center and fulfilled the

1987 criteria of the American Rheumatism Association for RA

[17]. Patients with other forms of arthritis (ankylosing spondylitis

and gout) and HC without increased serum RF titres were also

included.

Isolation of B cells

Peripheral blood mononuclear cells (PBMC) were purified by

Ficoll-Hypaque (Pharmacia Biotech AB, Uppsala, Sweden;

r � 1.077 g/ml) density gradient centrifugation and frozen in

liquid nitrogen. PBMC were thawed and stained with the

following phycoerythrin-conjugated monoclonal antibodies (Bec-

ton Dickinson, Mountain View, CA): anti-CD3, anti-CD14, anti-

CD16, and anti-CD56. B cells were isolated by negative selection

using a cell sorter (FACStar, Becton Dickinson). Obtained cells

contained $ 95% CD191 lymphocytes as determined by

fluorescence activated cell sorter analysis (data not shown).

T cell clone K15

The synovial fluid (SF), autoreactive, Vb191, CD41 T cell clone

K15 was derived from a T cell line of a patient with RA which

responded to autologous SF in vitro as described in detail [18]. To

maintain the T cell clone 3�105 T cells/ml were stimulated

weekly with phytohaemagglutinin (Murex Diagnostics Ltd,

Dartford, England; 1 mg/ml) and cultured in the presence of

irradiated allogeneic PBMC (106/well; 30 Gy) and a B

lymphoblastoid cell line (BLCL; 105/well; 50 Gy) in 24-well

tissue culture plates (Greiner, Alphen a/d Rijn, The Netherlands)

at 378C, 5% CO2. Culture medium consisted of Iscove's modified

Dulbecco's medium (IMDM; Gibco BRL, Breda, The Nether-

lands) with glutamax supplemented with 10% (v/v) heat-

inactivated fetal calf serum (FCS; Gibco BRL), 100 IU/ml

penicillin, 100 mg/ml streptomycin (Boehringer Mannheim

GmbH, Mannheim, Germany) and 10 U/ml recombinant human

IL-2 (rhIL-2; Cetus, Gouda, The Netherlands). Rested T cells

were frozen in liquid nitrogen until further use.

L-CD40L cells

Murine fibroblast L cells transfected with CD40 ligand (L-CD40L

cells) [19] and untransfected mouse fibroblasts (L-cells) were

maintained in IMDM with glutamax supplemented with 10% (v/v)

heat-inactivated FCS, penicillin and streptomycin in T75 flasks

(Greiner, Alphen a/d Rijn, The Netherlands).

Proliferation assay

T cells (clone K15; 105/well) were cocultured with irradiated

purified B cells (104/well; 30 Gy) in a total volume of 200 m l, in

96-well flat-bottom tissue culture plates, in IMDM with glutamax

supplemented with 10% (v/v) heat-inactivated FCS, penicillin and

streptomycin at 378C, 5% CO2. T cells were stimulated with

different amounts of immobilized anti-CD3 mAb OKT-3 (Cilag

AG Int., Zug, Switzerland; wells coated overnight at room

temperature) as indicated. A negative control was cultured in

medium alone. After 72 h of incubation cells were pulsed with 1

mCi/well of[3H]-thymidine (New England Nuclear, Boston, MA)

over an additional 20 h incubation period. The cells were then

harvested on filtermats (Skatron Instruments, Lier, Norway) and

the incorporated [3H]-thymidine was measured using a liquid

scintillation counter (Skatron Instruments).

In vitro antibody production

T-B cell co-culture system. Purified B cells (104/well) were

cocultured with T cells (clone K15; 105/well) in a total volume of

200 m l, in 96-well flat-bottom tissue culture plates, in IMDM with

glutamax supplemented with 10% (v/v) heat-inactivated FCS,

penicillin and streptomycin at 378C, 5% CO2. T cells were

stimulated with immobilized anti-CD3 mAb OKT-3 (Cilag AG

Int., Zug, Switzerland; wells coated overnight at room

temperature; 50 mg/ml). In some experiments T cells were

stimulated with different amounts of OKT-3 as indicated.

Control cultures included T cells only, B cells only, T cells with

anti-CD3, B cells with anti-CD3, T cells and B cells. To study the

importance of CD40 signalling in the induction of IgM-RF

production, the mouse IgG1 antibodies mAb89 [20], LL48 [21]

and an irrelevant isotype-matched control Ab were added at the

initiation of culture in final concentrations as indicated.

CD40 system. Purified B cells (104/well) were cultured on a

layer of irradiated L-CD40L or L-cells (5 � 103/well; 70 Gy).

Cells were cultured in 96-well flat-bottom tissue culture plates, in

the presence of rhIL-2 (40 U/ml), rhIL-4 (200 U/ml), rhIL-10

(50 ng/ml) (PreproTech Inc., Rocky Hill, NJ) or combinations of

these cytokines, in a total volume of 200 m l, in IMDM with

glutamax supplemented with 10% (v/v) heat-inactivated FCS,

penicillin and streptomycin at 378C, 5% CO2.

All cultures were set up in duplicate or triplicate. Cell free

culture supernatants were harvested after 13 (anti-CD3-driven

system) or 14 (CD40 system) days and analysed for Ig production

and RF activity.

T cell supernatant

T cells of clone K15 (105/well) were cultured, in the presence of

immobilized anti-CD3 mAb OKT-3 (50 mg/ml), for 5 days, in a

total volume of 200 m l, in 96-well flat-bottom tissue culture

plates, in IMDM with glutamax supplemented with 10% (v/v)
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heat-inactivated FCS, penicillin and streptomycin at 378C, 5%

CO2. T cell supernatant was collected and stored at 2 708C.

Determination of immunoglobulins

Total IgM concentration in culture supernatants was determined

by immunoassay. ELISA plates (Titertek, Flow Laboratories,

Zwanenburg, The Netherlands) were coated (overnight at room

temperature) with mouse monoclonal antibodies directed against

human IgM (clone HB57, ATCC, Rockville, MD) in a carbonate

buffer, pH 9.6, followed by incubation with proper dilutions of

culture supernatants (1 h at 378C). Bound immunoglobulin was

detected using horseradish peroxidase (HRP)-conjugated rabbit

antihuman IgM (Dako, Denmark; 1 h at 378C) and ortho-

phenylenediamine (OPD; Sigma, St. Louis, MO; 0.2 mg/ml) in

phosphate buffer, pH 5.6, containing 0.03% (v/v) H2O2 (Merck,

Darmstadt, Germany). The reaction was stopped after 15 min by

adding 10% (v/v) H2SO4 (Merck) and read in an ELISA reader

(EL 312e Bio-kinetics Reader, Bio-Tek Instruments, Inc.,

Winooski, VT) at 490 nm. Dilutions of a reference serum with

known quantities of total IgM (Central Laboratory Blood

Transfusion (CLB), Amsterdam, The Netherlands) were used to

construct a standard curve. The detection limit of the total IgM

assay was 1 ng/ml.

IgM-RF activity was measured in a capture ELISA. To

determine IgM-RF activity, ELISA test plates were coated

(overnight at room temperature) with human IgG Fc fragments

(Cappel, Durham, NC) in a carbonate buffer, pH 9.6. After an

incubation with appropriately diluted culture supernatants (1 h at

378C) the plates were incubated with biotinylated mouse antihu-

man IgM (biotin-HB57; 1 h at 378C). Subsequently, the plates

were successively incubated with streptavidin-HRP (Zymed

Laboratories, Inc., San Francisco, CA; 50 min at 378C), biotin-

tyramine (Sigma; 1 h at 378C), and streptavidin-HRP (50 min at

378C). The colour reaction (OPD) was stopped after 15 min by
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Fig. 1. (a) PB B cells (104/well) from healthy controls were cocultured with T cells (clone K15; 105/well) in the presence of different

amounts of immobilized anti-CD3. Proliferative responses (triplicate experiments) were determined after 4 days. The percentages of the

proliferative response using 0.78 mg anti-CD3/ml are shown. After 13 days triplicate culture supernatants were harvested and analyzed for

IgM concentrations. Percentages of IgM produced using 0.78 mg anti-CD3/ml are shown. Results shown are representative of two

independent experiments. A high concentration of anti-CD3 favours induction of IgM-RF production by T cell clone K15. (b) PB B cells of

healthy controls or patients with RA (104/well) were cocultured simultaneously with T cells (clone K15; 105/well) in the presence of two

different amounts of immobilized anti-CD3 mAb (25 or 50 mg/ml). Duplicate culture supernatants were harvested after 13 days and

analyzed. Data shown are the results of two independent experiments ( healthy control 1; B healthy control 2; patient with RA 1; A patient

with RA 2; , below detection limit of 6 mIU/ml).
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adding 10% (v/v) H2SO4 and read at 490 nm in an ELISA reader.

Relares serum (200 IU/ml IgM-RF; CLB) was used for

standardization of the IgM-RF assay. The detection limit of the

IgM-RF assay was 6 mIU/ml.

Statistical analysis

Significant differences between experimental groups were calcu-

lated using the Mann±Whitney U-test. A P , 0.05 was

considered significant.

RESULTS

RF production by PB B cells in the presence of anti-CD3-

stimulated T cells

Activated T cells are potent inducers of RF production by PB B

cells [22±24]. To examine the ability of T cells to induce

physiological RF production in more detail, T cells of a Th1 clone

(K15) were cocultured with highly purified PB B cells from HC in

wells which were coated with increasing concentrations of anti-

CD3 mAb. Optimal IgM production was observed using an anti-

CD3 concentration of approximately 1 mg/ml, whereas high

amounts of anti-CD3 favoured IgM-RF production (Fig. 1a,b).

The preponderance of IgM-RF production at high concentration of

anti-CD3 used to coat the wells was inversely correlated with the

capacity of T cells to proliferate (Fig. 1a,b). Analysis of

physiological RF production, using 50 mg/ml of anti-CD3,

revealed IgM-RF production in nine out of 10 HC tested (Fig.

2; mean (s.d.): 42.2 (49.5) mIU/ml (n � 10)). In order to

determine RF regulation in the PB B cell compartment of patients

with arthritis, B cells were isolated from the PB of patients and

cultured in the anti-CD3-driven system. Peripheral B cells of all

patients with RA synthesized IgM-RF (Fig. 2; mean (s. d.):

143.1 (183.6) mIU/ml (n � 14)). B cells of patients with RA

produced significantly (P � 0.014; Mann±Whitney U-test)

more IgM-RF compared with B cells from HC. Peripheral B

cells derived from patients with ankylosing spondylitis or gout

synthesized comparable amounts of IgM-RF in the anti-CD3-

stimulated cultures (Fig. 2).

IgM-RF production by PB B cells is dependent on CD40

activation

To further discern the factors necessary for differentiation of RF1

B cells into Ab-secreting cells we investigated to what extent the

CD40±CD40L interaction was involved in the induction of RF

production in the anti-CD3-driven cultures. Purified B cells of HC

or patients with RA were cocultured with T cells which were

stimulated with 50 mg/ml anti-CD3 mAb. At the initiation of

culture, antibodies directed against CD40 or CD40L were added
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Fig. 2. Induction of IgM-RF synthesis by PB B cells in the anti-CD3-driven system. Peripheral B lymphocytes (104/well) of healthy

controls and patients with RA or other forms of arthritis (15: ankylosing spondylitis; 16: gout) were cocultured with T cells (clone K15; 105/

well) in the presence of immobilized anti-CD3 mAb (50 mg/ml). Duplicate culture supernatants were harvested after 13 days and analyzed

for IgM and IgM-RF concentrations. Data shown are the result of eight independent experiments.
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in final concentrations as indicated. After 14 days IgM and IgM-

RF production were determined and compared with those

measured in anti-CD3-stimulated cultures which were performed

in the absence or presence of an isotype-matched control Ab.

Similar to IgM production (data not shown), IgM-RF production

by PB B cells of HC and patients with RA was abrogated in the

presence of anti-CD40 or anti-CD40L (Fig. 3).

CD40 cross-linking plus cytokines is insufficient for induction of

RF production

To determine whether the CD40-CD40L B cell activation system

was sufficient for the induction of RF production, PB B cells from

HC, patients with RA, ankylosing spondylitis or gout were tested

in this system using IL-2 plus IL-10. Despite a considerable

production of total IgM by these B cells, no IgM-RF activity could

be determined in these cultures (Fig. 4). In order to investigate

whether other conditions in the CD40 system were necessary for

induction of RF production by PB B cells of HC or patients with

RA, IL-2, IL-4, IL-10 and combinations of these cytokines were

tested. However, non of the conditions applied resulted in

production of detectable RFs despite considerable IgM production

(Fig. 5). The level of IgM production by PB B cells stimulated by

CD40 cross-linking in the presence of IL-10 and the combination

of IL-2 and IL-10 were the highest and equalled the amounts

produced in the presence of activated T cells (Figs 2,5,6). Thus the

defect in RF production could not be explained by an overall

decrease in the responsiveness to CD40 activation compared with

usage of activated T cells. Similar observations were made using

PB B cells from patients with RA (data not shown). Hence, PB

RF1 B cells from neither HC nor patients with arthritis, able to

synthesize RFs in the T-B cell coculture systems, were triggered

to RF production in the CD40 system under the conditions

applied.

T cell contact is essential for induction of RF production by PB B

cells

To investigate whether other soluble factors released by the T cell

clone upon stimulation are essential for induction of physiological

RF production, T cell supernatant of T cells, cultured in the

presence of 50 mg/ml anti-CD3, was tested in the CD40 system.

Substitution of cytokines by culture supernatant of anti-CD3-

stimulated T cell clone K15 did not result in RF production in the

CD40 system (Fig. 6).

DISCUSSION

It has long been known that B cell precursors with the potential to

secrete RFs are frequently present in the normal PB B cell

repertoire [22±25]. Utilization of distinct mechanisms for B cell

activation allowed us to identify a clear difference in the

regulatory control of total Ig and RF production by PB B cells.

The difference in activation requirements were similar among HC

and patients with RA. Usage of anti-CD3-stimulated T cells

induced a significant CD40-dependent RF response in PB B cells,

whereas application of the CD40 activation system was insuffi-

cient to induce detectable RF whilst comparable amounts of IgM

were produced. These results suggest that precursors of RF-

secreting cells in the PB compartment have specific activation

requirements.

In vivo, RF1 B cells are exposed to IgG. Apparently, B cells

in RF-seronegative healthy individuals, capable of synthesizing

physiological RFs in vitro, are anergic. In vitro, anti-CD3-

stimulated T cells may break the state of tolerance and induce

the production of physiological RFs. It is possible that the in

vitro conditions are a reflection of physiological processes that

occur during, e.g. immunization, since under this circumstance

physiological RFs appear in the circulation of healthy individuals

[4,5]. The data indicate that RF production by PB B cells in

patients with RA has the same induction requirements as

physiological RF production by PB B cells in HC. Using the

anti-CD3-driven system, only quantitative differences in RF

production by PB B cells between HC and patients with RA

were observed. B cells from patients with RA produced more

RF. This is in line with findings of others [23] who, using a

similar approach, reported that patients with RA had a clear
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Fig. 3. Inhibition of CD40 signalling abrogates IgM-RF production in T-

B cell cultures stimulated with anti-CD3. PB B cells of (a) healthy controls

or (b) patients with RA (104/well) were cocultured with T cells (clone

K15; 105/well) and immobilized anti-CD3 mAb (50 mg/ml) in the absence

or presence of mAb89 (anti-CD40), LL48 (anti-CD40L) or control Ab

added at the initiation of culture in final concentrations as indicated.

Culture supernatants were harvested after 13 days and analyzed for IgM-

RF activity. Results are expressed as mean1s.d. of culture triplicates. 1

representative experiment out of three independent experiments (, below

detection limit of 6 mIU/ml; nd not done).
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expansion of the anti-CD3-driven RF-producing B cell popula-

tion when compared with HC.

Help provided by anti-CD3-stimulated T cells was an absolute

requirement for induction of physiological RF production by PB B

cells. Although the T cell help was completely CD40-dependent

we were not able to mimic this help by using the CD40 B cell

activation system. We have attempted to substitute for T cell

involvement by adding T cell-derived cytokines to the CD40

activation system. Neither IL-2, IL-4, IL-10, combinations of

these cytokines nor supernatant from activated T cells was

sufficient to provide the required T helper signals. The failure to

detect RF could not be ascribed to a lower stimulatory capacity of

this mode of stimulation since considerable amounts of total IgM

were produced which sometimes even equalled production levels

found in supernatants of T cell-stimulated B cells. From this result

we conclude that conditions to activate physiological RF1 B cells

require additional contact between T and B cells besides CD40±

CD40L interaction.

Efficient T cell help for the induction of significant RF

production was accomplished by using high density anti-CD3-

activated T cells. Triggering of T cells by high density

immobilized anti-CD3 is known to result in proliferative

unresponsiveness [26±30]. This state is characterized as a failure

of the cell to produce and secrete IL-2 and proliferate [31,32]. In

accordance, in our cultures we observed a inverse relationship

between the amounts of immobilized anti-CD3 and T cell

proliferation. In this respect it is interesting to mention that we

and others have demonstrated that usage of the bacterial

superantigen (SAg) staphylococcal enterotoxin D (SE D) in a T-

B cell coculture system gives considerable RF production [24±

33]. A SAg like SE D functions by cross-linking HLA class II

molecules on the surface of B cells with ab TCR molecules in a

Vb -restricted fashion [34,35]. As such, stimulation by SE D can

be regarded as high affinity/density triggering of the TCR

resulting in T cell unresponsiveness [35,36]. He and colleagues

[33] provided evidence that SE D preferentially stimulated RF1 B

cells in a T-B cell coculture system, although the cells did not

proliferate. This finding made them suggest that SE D probably

acts primarily on the B cell. Together, the combined data lend

evidence to hypothesize a role for proliferative unresponsive T

cells in the regulation of physiological RF production. Conse-

quently, the production of physiological RF may be linked to the

functional status of T cells. Studies with human and murine T cells

revealed that anergic T cells have an activated phenotype [36,37]

and express CD40L [38,39], which may explain the CD40-

dependent mechanism of RF production.
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ml).
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Terminally differentiated CD202, CD381 plasma cells present

in the synovium of seropositive RA patients are held responsible

for the production of pathological RF [8]. In contrast to

physiological RF1 B cells these cells actively secrete RF in the

absence of a stimulus [8]. These plasma cells are thought to

originate from germinal centre (GC)-like structures present in the

inflamed synovium [40±44]. T cells which are abundantly present

in the inflamed joints, play an important role to allow GC cells to

differentiate into plasma blasts. Functional analysis of synovial T

cells revealed that these cells are predominantly of the TH1 type

[45] and that despite an activated phenotype, these cells show

impaired cytokine production and decreased responsiveness

toward mitogenic stimulation [46±48]. The functional and

biochemical features of these cells, which appear to be specific

for RA, are reminiscent to those described for anergic T cells [49].

If functional dichotomy in T cells is related to a specific type of

help to B cells, it is tempting to speculate that the persistent

presence of hyporesponsive synovial T cells allows RF1

precursors to expand and affinity maturate in high affinity RF-

secreting plasma cells.
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Fig. 5. IgM and IgM-RF production as determined in culture supernatants

of the CD40 system. PB B cells of healthy controls (104/well) were

cultured on a layer of irradiated L-CD40L cells (5�105/well; 70 Gy) in the

absence or presence of rhIL-2 (40 U/ml), rhIL-4 (200 U/ml), rhIL-10 (50

ng/ml) or combinations of these cytokines. Duplicate culture supernatants

were harvested after 14 days and analyzed. Data shown are the result of

two independent experiments. Results are expressed as mean ^ s.d.

(healthy controls n�4; , below detection limit of 6 mIU/ml).
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Fig. 6. CD40 triggering, in the presence of cytokines, is insufficient to

promote IgM-RF secretion in the complete absence of T cells. B

lymphocytes of healthy controls or patients with RA (104/well) were

cocultured with T cells (clone K15; 105/well) in the presence of

immobilized anti-CD3 mAb (50 mg/ml) or cultured on a layer of

irradiated L-CD40L cells (5 � 105/well; 70 Gy) in the presence of rhIL-2

(40 U/ml) and rhIL-10 (50 ng/ml) or 50% supernatant (SN) of anti-CD3-

stimulated T cell clone K15. Duplicate culture supernatants were harvested

after 14 days and analyzed for total IgM and IgM-RF activity. Data shown

are the result of two independent experiments. anti-CD3 1 T cells; B L-

CD40L cells 1 rhIL-2 1 rhIL-10; A L-CD40L 1 SN. (A & B, healthy

controls; C & D, patients with RA; , below detection limit of 6 mIU/ml).
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