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Germinal centers (GCs) have been identified as site at

which the somatic mutation of immunoglobulins occurs.

However, somatic mutations in immunoglobulins have also

been observed in animals that normally do not harbor

germinal centers. This clearly indicates that somatic

mutations can occur in the absence of germinal centers.

We therefore attempted to determine whether or not GCs

exist in TNFR1-deficient mice, and are essential for the

somatic mutation of immunoglobulins, using (4-hydroxy-

3-nitropheny)acetyl-ovalbumin (NP-OVA). Both wild-type

and TNFR1-deficient mice were immunized with NP-

OVA, and then examined with regard to the existence of

GCs. No typical B-cell follicles were detected in the

TNFR1-deficient mice. Cell proliferation was detected

throughout all splenic tissue types, and no in vivo immune-

complex retention was observed in the TNFR1-deficient

mice. All of these data strongly suggest that no GCs were

formed in the TNFR1-deficient mice. Although TNFR1-

deficient mice are unable to form GCs, serological analyses

indicated that affinity maturation had been achieved in

both the wild-type and TNFR1-deficient mice. We

therefore isolated and sequenced several DNA clones from

wild-type and the TNFR1-deficient mice. Eight out of 12

wild-type clones, and 11 out of 14 clones of the TNFR-1-

deficient mice contained mutations at the CDR1 site. Thus,

the wild-type and TNFR1-deficient mice were not

extremely different with regard to types and rates of

somatic mutation. Also, high-affinity antibodies were

detected in both types of mice. Collectively, our data

appear to show that affinity maturation may occur in

TNFR1-deficient mice, which completely lack GCs.
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Introduction

Germinal centers (GCs) are important areas for B cell

maturation. It is generally accepted that somatic mutations of

immunoglobulins occur in GC cells (Tarlinton, 1998; Sehgal

et al., 2001). Although the mechanism of this type of mutation

is not well understood, it has been associated with a T-cell-

dependent antibody response (Shinkura et al., 1996). Somatic

mutations are known to occur at selective times after

immunization and within specific segments of the antibody’s

variable regions (Radmacher et al., 1998). It is generally

accepted that the affinity of an antibody for its antigen

increases following a mutation in the antibody’s V region and

the rescue of selective B cells from apoptosis (Guzman-Rojas

et al., 2002), possibly in association with follicular dendritic

cells (FDCs) within the GCs (Lindhout et al., 1995; Koopman

et al., 1997). Even though that theory has been generally

accepted, it is still controversial (Winter et al., 2003). If this

theory is correct, somatic mutations and selection will not

occur in animals that do not have GCs. Interestingly, somatic

mutations in immunoglobulins have been observed in animals

that normally do not have GCs, such as frogs and sharks

(Fiona et al., 1990; Diaz et al., 1998). Moreover, human

beings who do not express CD40L and do not have GCs still

have somatic mutations (Huang et al., 1999). These strongly

suggest that somatic mutations can occur without GCs.

Therefore, the supposition that the GCs are the sites of

immunoglobulin mutation and are important for the selection

of B cells using high-affinity antibodies is still controversial.

Previous reports of studies conducted in LTα knockout (-/-)

mice suggest that GCs or FDCs may not be needed for these

somatic mutations to occur (Matsumoto et al., 1996). However,

LTα (-/-) mice have many immunological defects and no

lymph nodes (Mariathasoan et al., 1995). Tumor necrosis

receptor is homologous to lymphotoxin and competes with

lymphotoxin for binding to the same cell surface receptors.

Tumor necrosis Factor- receptor 1 (TNFR1)-deficient mice

lack GCs, but their phenotypes are more intact than those of

LTα (-/-) mice (Matsumoto et al., 1997).
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We investigated the possibility if GCs exist in TNFR-1-

deficient mice and are essential for the somatic mutation of

antibodies to a T-cell-dependent antigen, (4-hydroxy-3-

nitropheny)acetyl-ovalbumin (NP-OVA). TNFR1-deficient mice

immunized with a high dose of NP-OVA have shown a high-

affinity anti-NP IgG1 response similar to that seen in wild-type

mice. Furthermore, somatic mutations that are typical of affinity

maturation have been detected in the predominantly expressed

anti-NP VH gene segment VH186.2. Thus, affinity maturation

might not be absolutely dependent on the presence of GCs.

Materials and Methods

Animals and immunization. TNFR1-deficient mice were obtained

from Dr Nahm at the University of Alabama at Birmingham, USA.

The TNFR1-deficient status was confirmed using the genomic

polymerase chain reaction (PCR) technique with 2 primer sets,

P60-B (GGATTGTCACGGTGCCGTTGAAG) and P60-E (TGAC

AAGGACACGGTGTGTGGC) for wild-type mice, P60-spe (TGC

TGATGGGGATACATCCATC) and Pgk-66 (CCGGTGGATGTGG

AATGTGTG) for TNFR1-deficient mice. Control C57BL/6 mice

(aged 6-10 wk) were purchased from the Jackson Laboratory (Bar

Harbor, Me); kept in autoclaved microisolator cages; and provided

sterile bedding, food, and water. The mice were immunized

intraperitoneally (ip) with 5 to 200 µg of alum-precipitated NP

(Genosys) conjugated to ovalbumin (OVA; Sigma Chem).

Immunohistology. Spleens were frozen in OCT-embedding media,

then 6 µm-thick frozen sections were cut with a cryostat microtome,

mounted onto slides coated with poly-L-lysine, and air-dried. The

slides were fixed with ice-cold acetone for 10 minutes and stored at

−80oC. Immunolabeling of peanut agglutinin (PNA)-binding GC

cells was carried out as described elsewhere (Matsumoto et al.,

1997). Briefly, the spleen sections were incubated with rat anti-IgD

(RAMID) antibody and treated with PNA conjugated with biotin

(PNA-Biotin; E-Y Laboratories). The slides were then treated with

goat anti-rat immunoglobulin conjugated with horseradish peroxidase

(HRP; Southern Biotech). After the slides were washed, the

sections were incubated in streptavidin-alkaline phosphatase (ST-

AP; Vector). Bound AP and HRP were then visualized using

Vectastain ABC-AP and diaminoethylbenzidine (DAB), respectively.

T cells were stained with anti-Thy 1.2 (Accurate Chemical), 8C12,

and 7G9, which are specific for CR1 and CR2, and visualized using

DAB (Pharmingen), as in the HRP visualization procedure.

Immunized and control mice were given a single injection of 5-

bromo-2-deoxyuridine (BrdU) 10 mg/mL 2 hours before being

sacrificed intraperitoneally. Cells in which BrdU had been

incorporated into their DNA were detected in adjacent frozen

sections that had already been processed immunohistologically. The

sections were then treated with 1 M HCl for 30 minutes at 60oC to

induce partial degradation of the DNA. Sections were then washed

and incubated with mouse monoclonal antibody Bu20a (DAKO A/

S), which binds specifically with BrdU. The BU20a/BrdU complex

was visualized by means of sequential incubations with biotinylated

goat anti-mouse IgG antibody and streptavidin-HRP. The HRP was

visualized using DAB (Sigma Chem).

ELISA. The concentrations of anti-NP antibodies were measured

using an enzyme-linked immunosorbent assay (ELISA) following

ip injection of NP-OVA. The ELISA plates were coated with NP-

haptenated bovine serum albumin (BSA) using 2 different

concentrations of NP conjugates (NP13-BSA and NP2.5-BSA). Both

high- and low-affinity anti-NP antibodies can bind to plates coated

with NP13-BSA, but only high-affinity anti-NP antibodies can bind

to plates coated with NP2.5-BSA. Thus, an increased ratio of NP2.5:

NP13-binding antibody demonstrates affinity maturation. The

ELISA plates were coated with the antigen and blocked with 1%

BSA. Sera were serially diluted 4-fold and incubated for 4 hours.

The plates were washed 3 times with Tween-saline, and rabbit anti-

mouse immunoglobulin (Zymed) and goat-anti-rabbit immunoglobulin

conjugated with alkaline phosphatase (Zymed) were treated sequentially.

The amount of bound alkaline phosphatase was determined using p-

nitrophenyl phosphate as a substrate. The reaction products were

measured at 405 nm. The P value was analyzed using Mann-Whitney’s

method, and the result was statistically significant at p < .05.

RT-PCR and sequence analysis. RNA was isolated from

splenocytes using Trizol (Invitrogen). cDNA was synthesized using

Superscript II (Invitrogen) and oligo(dT)18. VH186.2 and β-actin

PCRs were performed using the following primers: 5'CATGCTCT

TCTTGGCAGCAACAGC-3' (sense) and 5'-GTGCACACCGCTG

GACAGGGATCC-3' (antisense); TTGGGTATGGAATCCTGTGG

CATC (sense) and CACGATGGAGGGGCCGGACTCATC

(antisense), respectively. All PCR reactions were performed for 30

cycles at 95oC for 1 min 30 s, at 50oC for 2 min, and at 72oC for 3

min. PCR products were finally extended at 72oC for 10 min for TA

cloning. Amplified DNA was ligated into a plasmid vector

(pCR2.1) using a TA cloning kit (Invitrogen). These ligates were

transformed into competent bacteria, INVαF' and recombinant

white colonies were screened from X-Gal blue/white-colored

colonies. White colonies were picked out and cultured in LB-

Ampicillin broth and their plasmids were excised with EcoRI. DNA

inserts from positive clones were sequenced in both directions

using an ABI-377 DNA sequencer (Perkin Elmer). The DNA

sequences were compared with the canonical sequence of

VH186.2-DFL16.1.

Results

TNFR1-deficient mice. The phenotype of TNFR1-deficient

mice was examined to determine whether the mice were

knocked out correctly. The examination consisted of conducting

a genomic PCR using p60-spe and pgk-66 as sense and

antisense primers, respectively. A PCR product (155 bp) can

be formed from TNFR1-deficient mice. However, the wild

type genome can be amplified using p-60 primer sets. The

estimated product size of the fragment is 120 bp-long.

Heterozygous mice would show both DNA fragments (155

and 120 bp) at a TNFR-1 site. As expected, we obtained 120-

bp and 155-bp DNA fragments from wild-type and TNFR1-

deficient mice, respectively, and observed both fragments in

heterozygous mice (Fig. 1). Therefore, we could confirm that

the TNFR1-deficient mice we used were prepared correctly.
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Development of GCs in TNFR1-deficient mice. To

determine whether GCs are formed in the spleen of TNFR1-

deficient mice, we stained their spleens with GC-specific

markers. PNA was used to determine the existence of GC, and

mAb RAMID (which binds with lgD) was used to stain

secondary follicles formed within their spleens. T cells in the

follicles were stained with anti-Thy1.2. The spleens in the

wild-type mice had typical B-cell follicles and took up some

of the PNA stain. Typical B-cell follicles were not seen in the

TNFR1-deficient mice, because none of them had picked up

the PNA stain (Fig. 2a-d).

Because BrdU is used to detect DNA replication, it is

possible to identify the region in which proliferation occurs

after tissues have been pulse-labeled with BrdU using anti-

BrdU mAb. Thus, BrdU can be used to distinguish GC cells

(in which proliferation is active) from other cells. In this study,

PNAhi regions of the spleens in wild-type mice were also

stained with anti-BrdU antibody. There were many BrdU-

positive cells in TNFR1-deficient mice; they were not

concentrated in a specific region, however, but scattered

throughout all splenic tissue types (Fig. 2e-f).

If C57BL/6 mice are immunized with NP-OVA (which was

used as an antigen in this study), only the λ gene will be

utilized for light-chain formation. Considering that more than

95% of mice use the k gene, the fact that only the λ gene was

utilized is quite a peculiar phenomenon (Maizels and

Bothwell, 1985). Therefore, almost all of the λ-expressing

cells can be regarded as NP-specific cells in this study. Thus,

we confirmed that λ-expressing cells are found mainly in the

PNAhi region in wild-type mice, whereas λ foci are limited to

Fig. 1. Agarose gel electrophoresis of genomic PCR products.

Lanes 1) 50 bp Ladder, 2) TNFRI-deficient mouse, 3) heterozygote

mouse. 4,5) wild-type C57BL/6 mouse. Two sets of primers (P60-

B/P60-E for wild-type and P60-spe/Pgk-66 for TNFR1-deficient

mice) were used for the amplification of genomic DNA.

Fig. 2. Lack of GCs in the spleen of the TNFRI-deficient mice. Spleen sections from wild-type and TNFR1-deficient mice were stained

with PNA (red) and anti IgD (Brown) ×100 (a), ×100 (b), PNA (red)-Thy1.2 (black) ×100 (c,d), BrdU (brown) ×100 (e,f), or λ (black)

×100 (g,h). Arrows show GCs and letter ‘a’ in (h) means an artriol. Detection of FDC clusters in the wild-type and TNFR1-deficient mice

(i-l). Spleen sections were stained with PNA (red) and 7G9 (Black) ×100 (i,j), or PAP in vivo (Brown) ×100 (k,l). FDC clusters were

found in the spleens of wild-type mice. FDCs were not organized well in the spleen of TNFR1-deficient mice. The spleens of TNFR1-

deficient mice were not stained at all by anti-CR1 mAb (Data not shown). PAP retention was observed only in wild-type mice (k, arrow).
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the area around the sinus arteriole in TNFR1-deficient mice

(Fig. 2g-h).

An important characteristic of GCs is that FDCs act as

antigen-presenting cells within them. FDCs also play a role in

the production of memory cells and cytokines. Because FDCs

are found only in GCs, we tried to use the FDCs as markers

for GCs. To visualize FDCs, we stained the spleens with an

FDC marker, 7G9 - an antibody to complement receptors

(CR) 1 and CR2 (CD35, CD21) and 8C12, an antibody to CR

1. FDC networks were observed in GC B-cell follicles in the

wild-type mice, but not in TNFR1-deficient mice. Instead, a

few FDC cells were found outside B-cell follicles in the

TNFR1-deficient mice (Fig. 2i-l). This phenomenon is

believed to occur because the CD21 on marginal zone B cells

was stained with those antibodies.

FDC has a surface antigen that can form an immune

complex that can be used as a target for staining. After

injecting goat peroxidase-anti-peroxidase (PAP) into the veins

of wild type and TNFR1-deficient mice, we measured

immune-complex retention in vivo. PAP was retained in wild-

type GCs, but it was not found in TNFR1-deficient mice (Fig.

2i-l). Similarly, goat PAP was applied to frozen tissue

sections, and the consequent immune complex retention was

measured. As with the previous result, PAP was retained in

wild-type GCs but not in TNFR1-deficient mice.

Serological analysis. Because the antigen concentration

affects resulting immune responses, we immunized mice with

2 concentrations of antigens (high dose: 200 µg; low dose:

5 µg) and followed the changes in antibody titer and affinity

maturation. The second injection of high and low doses of

antigens increased the antibody titers in both wild-type and

TNFR1-deficient mice (Fig. 3). It took longer to achieve a

significant humoral immune response following immunization

with a low dose of antigen.

ELISA plates were coated with 2 concentrations of antigen

to estimate antibody affinity. When coated with a low

concentration of antigen (NP2.5-BSA), high-affinity antibodies

can bind with the antigen’s “coat”; when the plate is coated

with a high dose of antigen (NP13-BSA), either high- or low-

affinity antibodies can bind with the plates. Accordingly,

antibody affinity in serum can be estimated by comparing the

optical densities (O.D.) when different antibody concentrations

are used. The ratio of NP2.5:NP13 reactions shows the level of

affinity maturation of antibodies after immunization (Roes

and Rajewsky, 1993; Smith et al., 1994). The antibody

affinities increased with time, and affinity maturation was

achieved in both of wild-type and TNFR1-deficient mice.

They increased early in the mice that received a high-dose

antigen (Fig. 4). The antibody affinities were estimated using

another method, ie, by measuring the antibody titers after

serial dilution until the O.D. for the reaction is 0.2. The

antibody affinities determined with the latter method also

showed the same results with the results obtained using the

ratio of NP2.5:NP13 reactions (data not shown).

Sequence analysis of immunoglobulin V region. Prior to the

sequencing experiment, the error rate for Taq polymerase was

determined. It was carried out using RT-PCR and nucleotide

sequencing of a model sequence of a hybridoma (HNPG).

The results indicated an error rate of 2 × 10-4 bp/cycle, which

is low enough to carry out a sequence analysis of anti-NP

antibodies.

Amplified VH186.2-CHγ-1 gene products were inserted

directly into the TA cloning kit pCR2.1 plasmid vector so that

they could disrupt β-galactosidase genes. The plasmid was

transformed into competent INVαF' cells and cultured in an

LB medium containing ampicillin and X-gal (5-bromo-4-

chloro-3-indolyl-β-D-galactoside) at 37oC for 18 hours. The

transformants into which the PCR products had been inserted

produced white colonies, which were cultured in media

containing LB and ampicillin; the plasmid DNA was then

separated from the cells. The size of the inserted DNA

segments was determined by cutting plasmid DNAs with

EcoRI and subjecting the fragments to electrophoresis in 2%

agarose gel. Because pCR2.1 linkers had been inserted into

the DNA segments, their lengths increased by 16 bp (Fig. 5).

Fig. 3. Antigen-specific antibody titers. Wild-type and TNFR1-

deficient mice were immunized with either 5 or 200 mg antigen.

Bloods were collected at given times after the immunization and

the titers of anti-NP antibodies were determined by ELISA.

Closed circle represents wild-type and open circle represents

TNFR1-deficient mice. Horizontal bars mean geometric means.
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Nucleotide sequencing of DNA clones was carried out using

550 bp-long DNA fragments which span immunoglobulin V

regions.

Several DNA clones were obtained from both wild-type

and TNFR1-deficient mice. Their CDR3 sites were sequenced,

and because the clones were derived from the same cells,

DNA clones with the same sequence were excluded. We

isolated 12 clones from the wild-type mice and 14 clones

from the TNFR1-deficient mice. λ1 is the light-chain isotype

of anti-NP antibodies, and VH186.2 was used as the heavy-

chain V region genes of the antibody. It has been known that

the affinity of antibodies for NP increases when the 33rd

amino acid in the CDR1 site is switched from Trp to Leu.

Accordingly, the sequences of clones obtained from the

experiment were compared with those registered with EMBL

and GeneBank. Eight out of 12 wild-type clones and 11 out of

14 clones of the TNFR1-deficient mice contained mutations at

the CDR1 site. One clone (60-11) contained a silent mutation,

and another contained a stop codon that was the result of

somatic mutation (Fig. 6). Thus, the wild-type and TNFR1-

deficient mice were not very different in the types and rates of

somatic mutation, and high-affinity antibodies were found in

both types of mice.

The rate of replacement and silent mutations also appeared

to be higher at the CDR site in both types of mice than would

be expected through random mutation. At the framework

sites, the rate was lower than or similar to the expected rate

(Table 1). Thus, the titers and somatic mutations in the

TNFR1-deficient mice were similar to those in the wild-type

mice, even though GCs had not developed in the TNFR1-

deficient mice.

Discussion

GC is a dynamic T-cell-dependent structure in which affinity

maturation and isotype switching occur and memory cells are

formed. Under normal circumstances, lymphocytes that have

been exposed to foreign protein antigens enter primary splenic

follicles and form temporary GCs. Genes for the variable

region (V) of immunoglobulins recombine through the action

of 2 enzymes: RAG1 and RAG2. The resulting recombined

genes undergo mutation, which is triggered by activation-

induced deaminase (AID) in GCs (Kotani et al., 2005). The

expression of AID is confined to B cells of GC phenotype

(Smit et al., 2003). This indicates that somatic mutations

occur in GCs. Mutated B-cell receptors are scanned by

antigen-presenting cells, such as FDCs. The cells with high-

affinity B-cell reactivity (BCR) are selected, while those with

low-affinity BCRs are ignored and eventually undergo

apoptosis (Kimoto et al., 1997). If these observations are

accurate, then GCs are necessary for the somatic mutation of

immunoglobulins and selection of B cells with high-affinity

BCRs to take place. However, B cells obtained from

Fig. 5. Agarose gel electrophoresis of VH186.2-CH gamma1-

specific RT-PCR products. Lanes (1),(6) 100 bp ladder, (2)

C57BL/6, (3),(4) TNFR1-deficient mice (5) negative control, (7)

50 bp ladder.

Fig. 4. Relative affinities of anti-NP antibodies. Mice were

immunized with two different concentrations of NP-OVA. Mouse

sera were collected at given times after the immunization and

ELISAs were carried out using ELISA plates coated with two

different concentrations (NP2.5 and NP13) of the antigen. In this

experiment, serum pool J was used as a standard and its

assigned value was 100 units/ml. Closed circle represents wild-

type and open circle represents TNFR1-deficient mice.

Horizontal bars mean geometric means.
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amphibians and elasmobranches also undergo mutation, even

though they cannot form GCs. In humans, CD40L is necessary

for the formation of GC, yet humans without CD40L also

have B cells with mutated BCRs. Moreover, mice that form

germinal center failed to produce high affinity antibodies

(Wang and Carter, 2005). Therefore, it is uncertain whether

GCs are necessary for somatic mutation of immunoglobulin

genes and B-cell selection to occur.

Matsumoto et al. (1996) suggested that GCs or FDCs are

not necessary for affinity maturation. This suggestion was

based on the findings in studies using LTα (-/-) mice, which

lack GCs. Because the LTα (-/-) mice used in their study had

Fig. 6. Nucleotide sequences of V regions of the clones from NP-OVA immunized TNFR1-deficient mice. Germ line VH186.2

sequence joined to DFL16.1 are shown on the top of line. Dashes indicate nucleotides identical to the germ line sequence.
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many physiological defects (eg, a lack of lymph nodes as well

as GCs), however, it is hard to conclude that GCs are not

necessary for affinity maturation of immunoglobulins.

Furthermore, additional studies would be required before it

could be hypothesized that GCs are not the only site of affinity

maturation of immunoglobulins. In contrast to LTα (-/-) mice,

the phenotypes of TNFR1-deficient mice are almost normal

(although it has been reported that they cannot make Peyer’s

patches). We tried to determine whether GCs were necessary

for somatic mutation of immunoglobulins using TNFR-1-

deficient mice in this study.

To confirm GC malformation in TNFR1-deficient mice, we

repeatedly immunized the animals with a T-cell-dependent

antigen, NP-OVA. GCs appeared in the wild-type mice, but

not in the TNFR1-deficient mice. In these experiments, PNA

and anti-IgD were used to stain GC B cells, and Thy1.2 was

used to stain GC T cells. Although irregular B-cell follicles

were found in the TNFR1-deficient mice, all of them were

negative for PNA. Because GCs participate in cellular

proliferation, we evaluated the proliferation capability of GC

cells using BrdU. We found BrdU mainly in the wild-type

GCs, but only intermittently in the lymphoid tissue of the

TNFR1-deficient mice. These mice still demonstrated

proliferation activity, but the proliferating cells were scattered,

rather than organized. FDC cluster formation is a representative

characteristic of GCs. We stained the TNFR1-deficient mice

with anti-CR1 and anti-CR2 antibodies (which bind with

FDCs) and carried out both in vivo and in vitro PAP retention

to evaluate the antigen-trapping abilities of the FDCs

(Haberman and Shlomchik, 2003). FDC clusters were not

found in the TNFR1-deficient mice; we could not detect signs

of antigen trapping, either. Based on these findings, we

suspect that TNFR1-deficient mice do not make GCs at all.

The light-chain repertoire of anti-NP antibodies is restricted

to λ1 isotype (Cumano and Rajewsky, 1986). This is very

special, because most of the mouse antibodies used κ rather

than λ for their light chains. Because anti-NP antibodies use λ

specifically, we tried to stain cells with anti-NP antibodies

using λ staining. GCs and follicles were stained with anti-λ

antibodies in wild-type mice, but we could not detect any

organized structures in the TNFR1-deficient mice. Instead, we

found a few foci near arterioles in these mice. This suggests

that the TNFR1-deficient mice can create B cells that produce

anti-NP antibodies, but not GCs. According to a Takahashi’s

study, normal mice that have been immunized with NP make

foci around GCs at the beginning of immune response

(Takahashi et al., 1998). The number of GCs increases as the

number of foci decreases. Based on this information, we

assume that the formation of foci after immunization is

normal and that the transformation of foci to GCs is blocked

in TNFR1-deficient mice.

Antibody production was increased after boosting both

wild type and TNFR1-deficient mice with a high dose of

antigen. The fact that the NP2.5:NP13 ratio was also increased

in 5 out of 6 immunized TNFR1-deficient mice means that

not all of the affinity maturation is dependent on GC

formation. Affinity maturation was also achieved in animals

boosted with a low dose of antigens. In this experiment, we

used 5 µg of NP-OVA; this amount is compared with the

amount of an antigen, 100 µg of NP-CGG (chicken gamma

globulin), which was used by Weiss and Rajewsky (1990).

The observation that this low dose of antigen also induces

affinity maturation in TNFR1-deficient mice is different from

that seen in studies conducted in LTα (-/-) mice. 

C57/BL6 mice use l as a light chain and VH186.2-

DFL16.1-JH2 for the variable region of the anti-NP Ab heavy

chains (Cumano and Rajewsky, 1986). Anti-NP antibodies

have their canonical sequences and a mutation at the 33rd

codon of VH186.2 from the TGG (Leu) to the TTG (Trp)

segments that induces antibody affinity (Allen et al., 1988).

Somatic mutations, including the mutation at this site, took

place in both wild-type and TNFR1-deficient mice, indicating

that a somatic mutation can occur without GCs. Once B cells

in circulation make contact with antigens that have been

exposed to FDCs, these B cells stop circulating within a T-cell

zone of secondary lymphoid tissues. Helper T cells bind with

peptides complexed with corresponding major histocompatiblity

complexes on the surface of antigen-presenting cells, and they

are activated. They then interact cognately with B cells, and

those cells form foci. The activated B cells differentiate into

antibody-secreting cells and the other B cells move into

follicular regions and form GCs.

Boost immunization induces the reactivation and differentiation

of memory cells into secondary blasts or plasma cells. It is not

certain whether memory cells go through the maturation

process again after the boost or not. However, it is obvious

that antibody affinity increases by means of consecutive

boosting with the same antigen. Somatic mutations are

formed randomly in the antibody V region. Most are harmful

and few of them contribute to affinity maturation by selection.

The mean antibody affinity increases during a secondary

response after boosting with an antigen. This suggests that

there may be mechanisms for selecting high-affinity antibodies

after somatic mutations. This selection process may occur in

the centrocyte zones. Centrocytes express new B cell receptors

on their cell surfaces and tend to undergo apoptosis when they

are not selected. This phenomenon is suggested by the

observation of tangible bodies in cells within the GC light zone.

Table 1. R/S (replacement/silent mutation) ratios of immunoglobulin

V regions of the wild-type and TNFR1-deficient mice. Expected

values were cited from an article published by Weiss et al.,

(1992)

Mouse
Mutation
frequency

R/S

CDR
(expected 4.9)

FRW
(expected 2.6)

WT 2.5/clone 14 1.5

TNFRI -/- 1.9/clone 12 2
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TNFR1-deficient mice were lacking GCs after antigenic

stimulation and boosting, but the mutation rate in these mice

was similar to that in the wild-type animals. Although this

suggests that somatic mutation is not a GC-dependent process,

the selection of B cells with high-affinity antibodies is still

active in TNFR1-deficient mice. We suggest that further study

be carried out to determine why the selection process is active

in TNFR1–deficient mice.
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