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of =3.0 at the 5-year follow-up period was 75.0% and 57.1%,
respectively. Neither kappa nor lambda by themselves were
significantly associated with disability progression. For EDSS
3.0, 4.0 and 6.0, there were greater proportions reaching these
scores during the follow-up period in the lower CSF k:A FLC
ratio group (figure 2B). We also examined several other stan-
dard clinical disease activity-related parameters. Although none
of these reached statistical significance, likely due to the number
of individuals where sufficiently detailed clinical data were avail-
able, all were consistent with the CSF x:A FLC ratio predicting
disease severity. There was a small increase in annualised relapse
rates over the S-year follow-up period in the low CSF x:A FLC
ratio group (figure 2C; 0.18 vs 0.23), a lower CSF x:A FLC
ratio in those with infratentorial lesions (figure 2D), a higher
«:A FLC ratio at diagnostic lumbar puncture for the group that
remained CIS at the end of a 5-year follow-up period (figure 2E;
42.4 vs 21.4) and the group that required neither first-line or
second-line therapy during the 5-year follow-up period, as
determined by the treating physician, had a higher CSF x:A FLC
ratio (figure 2F; 26.9 vs 4.8). There was no correlation between
the CSF x:A FLC ratio and the time between disease onset and
FLC measurement (r=-0.1207; p=0.56). Collectively, these
data show that the CSF x:A FLC ratio at the time of diagnosis is
predictive of the subsequent MS disease course. Concentrations
of NFL in CSF have been previously associated with disease
progression in MS." Consistent with this observation, there
was a negative correlation between CSF NFL and Ig x:A FLC
ratio (figure 2F). However, CSF NFL levels did not significantly
correlate with disability accumulation (r=0.16; p=0.42) indi-
cating that the CSF x:A FLC ratio is a better biomarker in MS.

Altered Ig light chain ratios are intrinsic to CSF plasmablasts

There are several possible explanations for the bias towards kFLC
in the CSF of patients with MS, unrelated to their antigenic spec-
ificity, including assay-dependent sensitivity for either k¥ or A, in
the FLC and/or intact Ig. We therefore examined the « and A light
chains present in the intact IgG1, IgG2, 1gG3, IgG4, IgA and IgM in
CSF of patients with MS. It was clear that the observed bias towards
CSF «FLC was recapitulated when examining IgG1k and IgG1A,
with a strong correlation between the IgG1 x:A ratio and FLC x:A
ratio (figure 3). There were also significant, but far weaker, correla-
tions with IgG4 and IgM. To formally establish that the CSF FLC
K:A ratio is directly associated with intrathecal antibody-secreting
cells, we examined CSF B cells and plasmablasts. There were few
B cells in the CSF of the control cohorts (OND and ONID), which
increased in MS groups, although not reaching statistical signifi-
cance (figure 4A, Supplementary figure €2). In contrast, there were
significant increases in both CIS and RRMS plasmablasts, with
none detected in the OND cohort (figure 4A), consistent with
previous reports.”” There were significant increases in IgG+ B
cells in the CSF as compared with blood, suggesting exclusion of
IgA+ B cells (figure 4B, online Supplementary figure e1). Strikingly,
CSF plasmablasts were almost entirely IgG+, consistent with the
high levels of IgG1 detected in the CSE. Peripheral blood B cell
and plasmablast k:A ratios were normal, whereas in some CSF
samples, there was a clear bias towards x-expressing plasmablasts
(figure 4C), with the CSF k:A FLC ratio significantly correlating
with the plasmablast but not the CD19+ CD20+ Becell x:A FLC
ratios (figure 4D). To further validate that the high CSF x:A FLC
ratios were intrinsic to the CSF cells, we sequenced the CDR3
Ig light chain regions of the CSF cells from three patients with MS
(figure 4E), with use of cDNA biasing towards plasmablast-de-
rived sequences.”! All samples showed oligoclonal populations as

Figure 3  Correlation between cerebrospinal fluid (CSF) free light

chain (FLC) and intact immunoglobulin &:A ratios. Correlations are shown
between CSF FLC k:A ratio and the «:A ratio of CSF immunoglobulin (Ig)
G1,19G2, 19G3, 1gG4 and IgM; Spearman correlations.

determined by both unique clone identification and gene segment
usage. One showed little bias to IGKV, whereas the other two
demonstrated a dramatic bias towards IGKV, with very few IGLV
sequences detected. In summary, the results demonstrate that the
high CSF x:A FLC ratios, which predict disability accumulation,
are not an epiphenomenon of FLC measurement but result from a
selective expansion of k light chain expressing plasmablasts found
within the CSF of patients with MS.

DISCUSSION

Although the past two decades have seen major advances in the
sophistication and availability of diagnostic modalities used in MS
(particularly MRI), the prognostic heterogeneity of MS makes
temporal disability prediction extremely difficult for any given
individual.”* The most recent MRI in multiple sclerosis consensus
guidelines highlight the prognostic limitations of MRI in the predic-
tion of disability”® and validated prognostic markers are critically
needed. The presence of CSF OCB at diagnosis doubles the risk
of further relapse, but does not provide further information on
the development of disability.** The detection of IlgM OCB may
be an exception, with positive patients experiencing more relapses,
a higher requirement for therapy and accumulation of more
disability.

In this study, we demonstrated, for the first time, that the ratio
of k:A Ig FLC measured at the time of diagnostic lumbar puncture
predicts EDSS disability at 5years postdiagnosis. This is a critical
advance on previous studies indicating that the ratio of k:A FLC in
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Figure 4 The bias to « light chain usage is intrinsic to cerebrospinal fluid (CSF) plasmablasts. (A) The frequency of B cells (CD19+ and CD20+)

and plasmablasts (according to the gating strategy in the online Supplementary figure e1) was determined for clinically isolated syndrome (CIS),
relapsing-remitting multiple sclerosis (RRMS), primary-progressive multiple sclerosis (PPMS), other neurological diseases (OND) and other neurological
inflammatory diseases (ONID). (B) For CSF and matched peripheral blood samples, immunoglobulin (Ig)A, IgG and IgM isotypes were determined on both
CD19+ CD20+ B cells and plasmablasts. Kruskal-Wallis with Dunn'’s post-test; ***p<0.001; **p<0.01; *p<0.05, all other comparisons non-significant
(p>0.05). The frequency of k-expressing and A-expressing total B cells, IgG+ B cells and plasmablasts was determined by flow cytometry (C; representative
plots for CIS (MS1) and RRMS (MS2)) and correlated with the CSF free light chain (FLC) x:A ratio (D); Spearman correlations. (E) The frequency of each
Immunoglobulin Kappa Variable (IGKV); red and Immunoglobulin Lambda Variable (IGLV); green) gene segments was determined from the cDNA of CSF cells

for MS3 (PPMS), MS4 (CIS) and MS5 (CIS).

the CSF might predict the conversion from CIS to CDMS.'! The
strength of the correlation was not very high (r=—0.37) suggesting
that additional factors influence the accumulation of disability.
Although we did not detect a significant difference when exam-
ining conversion from CIS, it was clear that patients with MS
demonstrating a high CSF x:A FLC were more likely to remain
CIS over time. Voortman et al failed to detect any relationship to
disability progression, possibly due to a lower frequency of high
CSF «:A FLC ratio individuals in their study and/or the shorter
follow-up period examined. Our data show that for patients with

MS demonstrating a low CSF k:A light chain ratio at diagnosis, the
combined profile of greater conversion from CIS, higher relapse
rates, increased disability progression and greater requirement for
therapeutic intervention suggest that this immunological feature of
MS is highly predictive of aggressive disease and poor prognosis,
although it is worth noting that only disability progression was
significantly different.

The presence of B cells and their secreted antibody and FLC in
the CSF and brain tissue is well established.'® 7 2% 2° 2 However,
little evidence exists for a direct role of secreted antibody in MS
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pathogenesis. The success of anti-B cell therapy points towards
this,”® % but cannot be distinguished from the role of B cells as
highly efficient presenters of antigen to T cells. Our data raise an
intriguing possibility that the spreading of the antibody repertoire,
starting from the predominant use of « light chains and leading to
a mixture of ¥ and A, might be involved in disease progression and
therefore pathogenesis, with remaining questions about the antigen
specificity of these antibodies. There are many candidate antigens in
the literature,’** and it is possible that some of these account for
the differential light chain usage. Although most research focuses
on the role of heavy chains in antigen recognition, accumulation
of hypermutated sequences in the complementarity-determining
regions and the codominant role of heavy and light chains in
antigen binding demonstrate a clear role for light chains.**?’

The availability of a prognostic marker in the CSF at the time
of diagnosis is of clear utility. There are now many highly effica-
cious therapies for MS, making a rational choice difficult for any
individual patient, particularly as some are associated with a signifi-
cant adverse event profile. MRI protocols are now well established
for the diagnosis and therapeutic monitoring of patients with MS.
The use of CSF x and A assay measurements at diagnosis may
help to identify patients with a poor prognosis, justifying the use
of highly effective therapies, with potential benefit on long-term
outcomes. Larger independent studies would be required to vali-
date the findings and determine the ultimate clinical utility of these
measurements.
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