
Contents lists available at ScienceDirect

Leukemia Research

journal homepage: www.elsevier.com/locate/leukres

Letter to the Editor

Sensitive quantification of the intronless SOX11 mRNA from lymph nodes biopsies in mantle cell
lymphoma

A R T I C L E I N F O

Keywords:
SOX11
CCND1
qPCR
Lymph nodes
Mantle celle lymphoma (MCL)

To the Editor,
We would like to complement the study of SRY-related HMG-box 11

(SOX11) in blood and bone marrow (BM), which we previously have
published in your journal [1], with the investigation of transcript levels
in lymph nodes (LN) in mantle cell lymphoma (MCL).

SOX11 is an important diagnostic marker in MCL and assists the
classification of two major disease subgroups. The classical nodal MCL
displays SOX11 overexpression and unmutated or minimally mutated
immunoglobulin V-genes (IGHV). In contrast, the non-nodal MCL is
characterized by no or low expression of SOX11, has mutated IGHV and
an overall superior prognosis [2,3]. Sensitive mRNA quantification of
SOX11 expression is challenged by the intronless nature of the gene with a
high risk of contamination with genomic DNA. Contamination from
genomic DNA can be partly reduced or eliminated using DNAse. How-
ever, performing control reactions for each RNA sample, confirming that
no genomic DNA is present, is costly and cumbersome and might not solve
the problem [4]. This contributing background noise is detrimental to
sensitive and reliable quantification of minimal residual disease. SOX11
has previously been explored in non-malignant B cells from lymphoid
tissue by qPCR [5,6]. However, to our knowledge, these studies did not
involve an mRNA-specific methodology taking the technically difficult
intronless nature of SOX11 into account and only explored few samples.

In the current study, we investigate the mRNA expression levels of
SOX11 and the classical MCL marker Cyclin D1 (CCND1) in i) diag-
nostic LN from 34 MCL patients (25:9 males to females ratio, median
age 67), ii) in peripheral blood mononuclear cells (PBMCs) from 7
healthy donors and iii) in non-malignant tonsils from 21 individuals
(10:11 males to females ratio, median age 18) undergoing tonsil-
lectomy. The latter was included as non-malignant B cells from lym-
phoid tissue, which has also been implemented in previous studies as
control material in MCL [7–9]. mRNA was purified from PBMCs iso-
lated using a Ficoll gradient centrifugation and from homogenized LN
and tonsil tissues. SOX11 and CCND1 expression was quantified and
calculated as reference gene normalized expression values (RGN), using
the reference genes GUSB and B2M, and defined as relative expression
levels per 1000 reference gene transcripts as previously described
((2(CqRGmean−CqSOX11 or CqCCND1))*1000) [1,10,11]. Employing this
assay, based on cDNA synthesis using oligo(dT) primer and a poly-T

specific reverse PCR primer together with a locked nucleic acid (LNA)-
modified hydrolysis probe compensating for the low GC content, there
was no risk of genomic DNA amplification [10], thereby excluding a
critical methodological issue for the reliable quantification of low levels
of transcripts from intronless genes.

In our present study, 33 out of 34 (97%) MCL LNs expressed a
significant high level of SOX11 (1.41–90.84 SOX11 RGN, median:
18.8), while one MCL LN was negative (Fig. 1). This SOX11 negative LN
was confirmed negative by immunohistochemistry. The healthy donors
were consistently negative for SOX11 mRNA expression in PBMCs
(Fig. 1). Only six out of 21 (28.6%) non-malignant tonsils expressed
SOX11 at a very low level (0.006–0.06, median: 0.05).

CCND1 was expressed in all samples analyzed with the highest ex-
pression in MCL LNs (12.8–3396.8 CCND1 RGN, median: 250.1) (Fig. 1)
and the lowest in healthy donor PBMCs (range 0.10-0.28, median: 0.17,).
Of note, the median expression in non-malignant tonsils was 29.1 (range
6.8–99.6), thus considerably higher than the expression in healthy donor
PBMCs in this study, and also higher than the expression observed in
non-malignant mononuclear cells from blood and bone marrow in our
previous study (PBMCs, median: 0.19 and BM, median: 0.24) [1].

Summarizing, and in stark contrast to SOX11, we found a con-
siderable overlap of the CCND1 expression range between non-malig-
nant tonsils and MCL LNs. This is most likely due to the CCND1 ex-
pression in the tonsil microenvironmental cells as it is known that non-
neoplastic cells can be positive for CCND1, such as the suprabasal
squamous epithelial cells, scattered lymphocytes and endothelial cells
showing a moderate to strong distinct nuclear staining reaction by
immunohistochemistry [12]. This suggests that SOX11 is a superior
marker compared to CCND1 if qPCR is used for minimal residual dis-
ease assessment since SOX11 is not or barely expressed in tonsils or
PBMCs. The use of CCND1 in these cases would require a B cell en-
richment to minimize contamination from CCND1 expressed by mi-
croenvironmental cells. However, it is most likely that the character-
ization of lymph nodes with respect to SOX11 mRNA expression will
mainly be of diagnostic value, still, the no or very limited background
expression also here remains an advantage.

In conclusion, we demonstrate a high mRNA expression of SOX11 in
MCL LNs compared to lymphoid tissue from healthy donors, such as
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non-malignant tonsils using a highly specific and sensitive qPCR, which
corroborates that SOX11 is preferentially used in MCL LNs.
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Fig. 1. Relative SOX11 and CCND1 mRNA expression in malignant and control lymphoid tissues.
The graph shows the relative SOX11 and CCND1 transcript expression as normalized expression levels per 1000 reference gene transcripts in lymph nodes from MCL
patients (LN MCL, circles), PBMCs from healthy donors (PBMCs HD, squares) and non-malignant tonsils (Tonsil, triangles). Open figures denote negative samples.
Medians and 95% confidence interval are indicated for each group. For both SOX11 and CCND1 the statistical difference between the control groups and MCL patient
group was p< 0.0001 determined by the Mann-Whitney U test, indicated by ****. The relative mRNA expression was calculated using the 2dCq method with
reference genes GUSB and B2M, as previously described [1,10].
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