








intended to be quantitative, we could not compare frequencies,
and the relative role and involvement of VH1 vs VH4 families
remain to be determined. The frequency of D segment usage
reported here correlates well with the findings of other studies
involving both autoimmune diseases and normal individuals.

This suggests that the bias found toward the usage of particular
D segments may be due to molecular, rather than immune, se-
lection mechanisms.

In a recent study Corbett et al. (26), using 10 nucleotides as the
minimum cut-off for aligning a D segment, were unable to find any

Table III. CDR3 analysis: family VH4 clones

Legend as in Table II.
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evidence for the use of DIR segments and minor segments or for
any other mechanisms such as D duplication or inversion as pre-
viously suggested (28, 40). Using similar stringent criteria, we
found that nearly half the MS brain sequences we analyzed did not
match a germline D segment, a finding in complete agreement with
the analysis of 893 rearranged transcripts reported by the same
investigators (26). The reason for this is not yet clear, but it is
possible that exonuclease activity, somatic mutation, and addition
of N nucleotides have modified the sequence of a germline D seg-
ment to the point of making it different enough to be recognized by
the alignment algorithm. As far as the usage of JH genes is con-
cerned, family JH4 was the most frequently used. However, this
over-representation has no direct relationship to the type of lesion
in our cohort of MS patients. In studies of other autoimmune dis-
eases and normal individuals, this gene family has been found to
be over-represented as well (28, 29, 41). This suggests that the
preferential usage of this gene family is not related to an Ag-
mediated immune response but, rather, would correspond to mo-
lecular mechanisms. In this regard, it has been proposed that be-
cause family JH4 is the only one with a conventional 23-bp spacer
between the 59heptamer and nonamer coding sequences, the JH-D
recombination would be facilitated (28).

It is now well established that a higher than expected replace-
ment/silent (R/S) ratio in CDR and a lower than expected R/S ratio

in FR regions usually reflect positive and negative selection pres-
sures, respectively; this is consistent with Ag-driven affinity mat-
uration. Given our experimental design, only CDR3 and part of
FR3 were sequenced; hence, CDR1, CDR2, and FR could not be
analyzed for R/S ratios. However, the fact that only a single two-
sequence contig was found in the control sample (HJ) is consistent
with Ag-specific activation of the expanded clones through posi-
tive selection. Dominant CDR3 motifs among different patients
have not been detected. Genetic heterogeneity among the studied
individuals and/or determinant spreading (42) may explain differ-
ent epitope selection. Our experimental approach requires consid-
ering the magnitude of the polymerase-induced error rate. Previous
studies studying PCR fidelity showed that the error rate could be as
low as 83 1026 (43) and as high as 2.13 1024 (44) depending
on the templates and PCR conditions. Breszinchek et al. (28) re-
ported an error rate of 1–23 1023 for single-cell PCR of rear-
ranged IgM genes on CD51 B cells, corresponding to 0.3–0.5
mutations per VH gene. These data indicate that PCR-generated
mutations do not interfere significantly with our results.

In conclusion, our findings are consistent with the hypothesis
that an Ag-driven process may be responsible for the accumulation
of particular subsets of B cells in the MS brain rather than this
being the result of random B cell activation. Moreover, it is con-
ceivable that such B cells underwent clonal expansion in response
to chronic stimulation by pathogens or autoantigens. The identifi-
cation of the Ag or Ags against which this selective B cell response
occurs may provide important insights into the question of blood-
brain barrier disruption, immune-mediated demyelination, and
atrophy.
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