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Ficolled bone marrow is superior to bone marrow buffy coat for detection of
minimal residual disease in multiple myeloma
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3nstitute for Immunology and School of Medicine, Tsinghua University, Beijing, People’s Republic of China; PDepartment of Medicine, The
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ABSTRACT

Objective: Buffy coat and ficoll of bone marrow (BM) are viable options for the study of minimal
residual disease (MRD) in multiple myeloma (MM). As yet, there is no data about the superiority
of either sample types. Herein, we aimed to address this issue.

Methods: Forty pairs of ficolled BMs and BM buffy coats of 19 MM patients were studied for
MRD by allele-specific oligonucleotide real-time quantitative PCR, with patient-specific
primers/probes whenever appropriate.

Results: There were 41 pairs of MRD data for comparison analysis due to one patient with
biclonal disease. MRD levels in ficolls and buffy coats were highly concordant (r,=0.936, P <
0.0001), with 31 (76%) and seven (17%) pairs being concomitantly MRD-positive or -negative.
On the other hand, apart from the 16 pairs being both MRD-negative, or -positive but not
quantifiable in ficolls and buffy coats, majority (n =22, 88%) had higher MRD levels in ficolled
BMs than BM buffy coats. Furthermore, in 17 pairs, in which MRD was quantifiable in both,
MRSD levels in ficolled BMs were 3.1 times those of BM buffy coats (median, 567/10° vs. 184/
10°, P=0.001).

Conclusion: Taken together, ficolled BM is more sensitive than BM buffy coat for MRD detection
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in MM, hence should be recommended.

Introduction

Bone marrow (BM) buffy coat and ficolled BM samples
are two viable options for the detection of minimal
residual disease (MRD) in multiple myeloma (MM) [1-
5]. BM buffy coat is obtained by a simple centrifugation
of the BM aspirate, and contains most of the nucleated
cells, including lymphocytes, monocytes and granulo-
cytes, with all at various stages of maturation. On the
other hand, ficolled BM, i.e. BM mononuclear cells, a
mixture of differentially matured lymphocytes and
monocytes, is isolated from the BM aspirate through
density gradient centrifugation using a medium, e.g.
Ficoll-Paque PLUS solution, whereby granulocytes are
removed. Theoretically, compared with BM buffy coat,
ficolled BM of MM is more concentrated with mono-
nuclear cells including plasma cells, hence a preferred
option for MRD study. However, ficolled BM sample
may have incomplete recovery of all mononuclear
cells [6], hence loss of tumor cells left over in the
residual mononuclear layer. There is as yet no systema-
tic studies on the superiority of either sample types for
MRD detection in MM. Herein, MRD levels in paired
ficolled BMs and BM buffy coats were detected by
allele-specific oligonucleotide real-time quantitative
PCR (ASO RQ-PCR), using patient-specific primers/
probes where appropriate [7].

Materials and methods
Patient samples

Forty follow-up samples with paired ficolled BMs and
BM buffy coats, of 19 MM patients who had ident-
ified clonality and ASO RQ-PCR applicable, were
selected for this study. Samples were collected at
various stages during treatment, including before
autologous stem cell transplantation (ASCT, n=12),
after ASCT (n=18), and after post-ASCT consolida-
tion (n=10). This study was approved by the Insti-
tutional Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster
(reference  number: UW 16-111) with informed
consents.

BM buffy coats were obtained through centrifu-
gation of whole BMs at 1800 g for 10 min. To obtain
ficolled BMs, whole BMs were carefully layered on the
top of Ficoll-Paque PLUS solution (GE Healthcare,
Uppsala, Sweden) and centrifuged at 400g for
40 min with brake off. And the second (from top)
layer, which was thin and white, was extracted and
washed once by 1x phosphate-buffered saline.
Genomic DNA was extracted using QlAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions.
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MRD detection by ASO RQ-PCR

Clonality was detected by stepwise PCR for IGH VDJ,
IGH DJ, and IGK VJ rearrangements as previously
described [7], or sequentially by IGH VDJ FR1 and FR2
multiplex [8], FR3 singleplex [9], IGH DJ multiplex [8]
and IGK VJ multiplex [7] PCR reactions. ASO forward
primer approach was adopted [9, 10], with patient-
specific reverse primers/probes used where appropri-
ate [7]. Plasmid DNA cloned with the patient-specific
immunoglobulin (Ig) rearrangement was used to con-
struct RQ-PCR standard curves. MRD was normalized
by the albumin gene and finally expressed as the
number of clonal Ig rearrangements per 10° cells [7].
Data were interpreted according to the EuroMRD
guidelines [11].

Statistics

Because of the lack of normal distribution in MRD
levels, the Spearman’s correlation, which is nonpara-
metric,c, was adopted to analyze the correlation
between MRD in paired ficolled BMs and BM buffy
coats. The Wilcoxon signed-rank test was used to
compare the difference of MRD levels between paired
ficolled BM and BM buffy coats. P values were all
two-tailed, and statistical significance was considered
if P<0.05. All statistics tests were performed on the
IBM SPSS Statistics 19.0.0 (IBM Corporation, NY, US.A.).

Results
MRD levels detected by ASO RQ-PCR

As mentioned before, clonality was identified in all
19 MM patients. One patient had biclonal disease, in
which two different Ig rearrangements were adopted
as MRD targets. Hence, ASO RQ-PCR was performed
for totally 20Ilg rearrangements. With the use of
patient-specific primers/probes in majority (n=12)
and plasmid DNA for constructing standard curves,
the sensitivity of ASO RQ-PCR was down to 107>
(107 in eight, 5x 107> in seven, and 10™% in five).
And the quantitative range was down to 5x 107>
(5x 107 in two, 107* in 10, and 5x 107" in eight),
with a median slope of the standard curve being
—3.52 (from —3.33 to —3.65).

In addition, there were three consecutive follow-up
samples of the patient with biclonal disease. Therefore,
there were totally 43 pairs of MRD data for the 40
paired samples. However, two pairs were not included
for further analysis, because of the high deviation of Cr
among replicates (ACr> 1.5) when average Cy was still
within quantitative range of RQ-PCR standard curve.
Therefore, 41 pairs of MRD data were used for compari-
son of MRD levels between ficolled BMs and BM buffy
coats (Figure 1).

Correlation between MRD levels in paired
ficolled BMs and BM buffy coats

To analyze the overall correlation between MRD levels
in ficolled BMs and BM buffy coats of all these 41 pairs,
samples with MRD being positive but not quantifiable
(PNQ), as MRD levels were beyond the quantitative
range of RQ-PCR, were assigned an MRD value of 6/
10° for 10 samples, i.e. between the quantitative
range (down to 1 x 10™% and sensitivity (at least 5 x
107°) of RQ-PCR in these cases; or 15/10° for another
four samples, as the quantitative range and sensitivity
of RQ-PCR in these case were 5x107* and 107%
respectively.

Overall, MRD levels in paired ficolled BMs and BM
buffy coats were highly concordant (r,=0.936, P<
0.0001; Figure 1). Thirty-one (76%) pairs were both
MRD-positive and seven (17%) were both MRD-nega-
tive. While the other three (7%) pairs had discordant
MRD status, with MRD-positive in ficolled BMs but
negative in BM buffy coats (n=2), or vice versa (n=
1). Hence, the concordance of MRD status in paired
ficolls and buffy coats was 93% (Figure 1).

Differences in MRD levels between paired
ficolled BMs and BM buffy coats

Firstly, among MRD-positive samples, MRD was quan-
tifiable in some but read as PNQ in others when MRD
levels were beyond the quantitative range of RQ-PCR
standard curve. Indeed, there were 31 pairs being
MRD-positive in both the BM buffy coats and ficolled
BMs, in which MRD was both quantifiable in 17 pairs,
both PNQ in nine, and quantifiable in the ficolled
BMs but PNQ in the BM buffy coats in five pairs
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Figure 1. Correlation between MRD levels in paired ficolled
BMs and BM buffy coats. Samples with MRD being PNQ were
assigned values, as explained in main text, and shown in
colors (blue, PNQ in buffy coats but quantifiable in ficolls;
red, PNQ in both buffy coats and ficolls; pink, PNQ in either
but MRD-negative in another). The result of Spearman’s corre-
lation was shown. neg, MRD-negative. MRD levels were
expressed as the number of clonal Ig rearrangements per 10°
cells.
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Table 1. Correlation between MRD levels in paired ficolled BM and BM buffy coat.

Buffy coat
Positive
Negative PNQ Quantifiable Total
Ficoll Negative 7 1 0 8
Positive PNQ 2 9 0 1
Quantifiable 0 5 17 22
Total 9 15 17 41

Notes: PNQ, positive but not quantifiable.

(Table 1). Of these 17 pairs with MRD levels being both
quantifiable, MRD levels were higher in ficolled BMs
than BM buffy coats in 15 pairs (Figure 2). In addition,
in another two pairs, MRD was PNQ in the ficolled BM
but negative in BM buffy coats (Table 1). Overall, com-
pared with BM buffy coats, ficolled BMs either yielded
higher MRD levels or were more informative (PNQ vs
MRD-negative) in 22 (54%) pairs. On the contrary,
MRD levels were lower in ficolled BMs than BM buffy
coats in three pairs, of which MRD levels in ficolled
BMs were half of those in BM buffy coats in two
pairs of samples from the same patient (# 9), in
addition to being MRD-negative in the ficolled BM
but PNQ in BM buffy coat in another pair (Figure 2
and Table 1).

Furthermore, when the analysis was restricted to the
17 pairs with MRD both quantified, MRD levels in ficolls
were 3.1 times those of paired buffy coats (median 567/
10 vs. 184/10°, P=0.001; Figure 3).

Discussion

Sample preparation methods that enrich for mono-
nuclear cells may affect the quantification of residual
disease. As myeloma tumor DNA is likely to be concen-
trated by ficoll preparation that retains DNA from
mononuclear cells only, the technique may impact on
MRD level. Assuming 100% efficiency, hence all
tumor DNA is recovered by either method, the concen-
tration of myeloma DNA will be higher in ficolled BMs
than BM buffy coats due to the dilution of tumor DNA

ool

by the more abundant DNA inherent with normal buffy
coats. Therefore, when subjecting triplicates of 0.5
microgram DNA for ASO RQ-PCR, a lower MRD level
would be expected in the BM buffy coats. The impli-
cation is that to compare the MRD levels in a cohort
of patients, the same sample preparation method has
to be utilized. For instance, when stratifying patients
to high- or low-MRD groups based on a threshold, all
MRD levels have to be determined by either ficolled
BMs or BM buffy coats. Moreover, potentially some
patients with positive but not quantifiable MRD in BM
buffy coats will become quantifiable when using
ficolled BMs. However, as our data show, MRD escala-
tion by ficoll is modest only and unlikely to cause a
10-fold difference.

To the best of our knowledge, this is the first sys-
tematic study to compare the performance of ficolled
BM and BM buffy coat for MRD detection, with
ficolled BM shown to be more sensitive than BM
buffy coat. As ficolled BM does not contain granulo-
cytes, myeloma plasma cells would be concentrated
and hence account for a higher proportion in ficolled
BM than BM buffy coat. In this study, apart from the
16 pairs of samples that were not informative for com-
parison because of being both MRD-negative or PNQ in
the ficolled BMs and BM buffy coats, majority (n =22,
88%) of the informative pairs (n=25) had higher
MRD levels in ficolled BMs than paired BM buffy
coats. Moreover, in the 17 pairs, in which MRD was
quantifiable in both, MRD levels in ficolled BMs were
about three times as high as those in BM buffy coats.
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Figure 2. Comparison of MRD levels in ficolled BMs and BM buffy coats in the 17 pairs of samples, in which MRD were quantifiable
in both the ficolled BM and BM buffy coats. MRD levels in the BM buffy coat were set to 1.
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Figure 3. MRD levels between paired ficolled BMs and BM
buffy coats in the 17 pairs with MRD both quantified.
Medians and interquartile ranges were indicated. P value was
from Wilcoxon signed-rank test. MRD levels were expressed
as the number of clonal Ig rearrangements per 10° cells.

Therefore, ficolled BM should be the preferred sample
for MRD detection in MM.

Nonetheless, there are still limitations or consider-
ations of ficolled BM. For instance, based on our experi-
ence, the amount of DNA extracted from ficolled BMs
was generally lower than that from BM buffy coats, pre-
cluding some ficolled BMs with insufficient DNA for
MRD detection. This may be accounted for by the
exclusion of granulocytes and the probable poor recov-
ery rate during ficoll preparation [6]. Therefore, practi-
cally, ficolled BM would be recommended for MRD
detection, while BM buffy coat should still be reserved
as a backup in case that DNA is not sufficient for MRD
detection in the ficolled BM. In addition, conceivably,
there will be changes in the number of mononuclear
cells during regeneration of the bone marrow after
intensive chemotherapy such as autologous stem cell
transplantation, hence a different relative concen-
tration of myeloma tumor DNA during different time
points of the clinical course. Therefore, MRD study is
usually performed on Day 90 post-ASCT when
marrow recovery has been complete, hence MRD
interpretation generally comparable across samples
and studies [1, 3, 12]. On the other hand, red cell lysis
method is popular in some laboratories [13], which
may potentially recover all nucleated cells, hence a
higher tumor cell recovery than buffy coat preparation.
Therefore, comparative studies of MRD detection with
samples simultaneously prepared by red cell lysis and
ficoll preparation are warranted.

In conclusion, our data showed that as compared
with BM buffy coat, ficolled BM led to an apparent
increase of sensitivity for MRD detection in MM due
to the concentration of the myeloma tumor DNA.
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