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Abstract
Over 30% of CLL can be grouped based on expression of stereotypic B-cell receptors 
(BCRs). One of these groups, subset #4, comprises of CLL with a BCR encoded by 
IGHV4-34 and IGKV2-30. IGHV4-34-encoded BCRs are inherently autoreactive due 
to superantigen binding to poly-N-acetyllactosamine (NAL) epitopes by a conserved 
motif in framework 1 (FR1). Based on their intact FR1, it is generally assumed that 
subset #4 CLL recognize NAL epitopes. However, experimental evidence is lacking. 
Here, we show that subset #4 CLL BCRs uniformly bind the NAL epitope expressed 
by the B-cell line Ly-3, whereas a non-subset #4 CLL BCR did not bind to this cell 
line. Moreover, binding to Ly-3 cells depended on the stereotypic immunoglobulin 
light chain variable region (IGLV) and reversion of somatic mutations decreased the 
affinity for Ly-3. In contrast, binding to other lymphocyte cell lines varied between 
subset #4 CLL BCRs and was independent of the stereotypic IGLV and somatic 
mutations. Altogether, this study provides evidence that subset #4 BCRs are affinity 
selected for a NAL epitope present on a specific subset of B cells.
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Introduction
B-cell chronic lymphocytic leukemia (CLL), the most common leukemia in adults in 
the western world1, is an incurable clonal expansion of CD5+CD19+ B lymphocytes. 
Clinically, two types of CLL are being distinguished based on the expression of either 
somatically mutated or unmutated immunoglobulin heavy chain variable region 
(IGHV) genes, which are associated with favorable and unfavorable prognoses, 
respectively2;3. In so called proliferation centers in lymph nodes, CLL cells have 
gene expression profiles indicative of constitutive BCR signaling4, an observation 
supported by the promising therapeutic effects of agents that interfere with the 
BCR signaling pathway, i.e. Bruton’s tyrosine kinase and Spleen tyrosine kinase 
inhibitors5-7.
Several lines of evidence point towards a pivotal role for antigen-dependent BCR 
signaling in the development of CLL. The IGHV gene repertoire in CLL is biased to 
frequent usage of IGHV1-69, IGHV3-7 and IGHV4-348. Remarkably, over 30% of 
CLL can be grouped in subsets based on similarities of the amino acid sequences 
in the highly variable complementary determining region 3 (CDR3)9-16, strongly 
suggesting that distinctive epitopes are involved in the development of CLL.
Subset #4 comprises of indolent CLL that express stereotypic, somatically mutated 
IGHV4-34-encoded IGHV coupled to a stereotypic IGKV2-30-encoded IGLV13;17, 
representing approximately 1% of CLL. Strikingly, the stereotypic motifs in the 
IGHV-CDR3 of subset #4 CLL are located in the non-templated N-regions, which 
are encoded by randomly inserted nucleotides, whereas IGHD usage is diverse. 
In subset #4 IGHV-CDR3, the N1-region, located at the junction of the rearranged 
IGHV- and IGHD-genesegments, usually encodes a glycine and a tyrosine. The N2-
region, at the junction between the IGHD- and IGHJ6-gene segments, encodes two 
arginines or an arginine and a lysine (both basic amino acids). Interestingly, subset 
#4 CLL harbor somatic mutations, including a recurrent substitution of the glycine at 
position 28 into an acidic amino acid (G28D or G28E)14.  
The IGHV4-34 gene is extensively studied due to its superantigen reactivity. A 
superantigen is an antigen that binds groups of antigen receptors outside of their 
conventional antigen binding sites. In contrast to other IGHV-genes, IGHV4-34-
encoded antibodies are capable of binding poly-N-acetyllactosamine (NAL) epitopes 
by a hydrophobic patch located in framework 1 (FR1), containing a tryptophan at 
position 7 and an AVY amino acid motif at position 23 to 2518;19. The fine specificity 
and affinity for the NAL epitope, however, depend on the IGHV-CDR3 amino acid 
sequence and a permissive IGLV, as demonstrated by FR1-mutation analyses and 
IGLV exchange studies, respectively18;19. NAL epitopes consist of repetitive stretches 
of Gal-β-(1,4)-GlcNAc units that vary in length and are either linear or branched20. 
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It is present in a linear form on neonatal erythrocytes as part of the i-antigen and 
is converted into the branched I-antigen during the first year of life21. Linear and/
or branched forms of the NAL epitope can also be found on subsets of B- and 
T-lymphocytes as part of CD43 and CD4522. 
As it has been shown that soluble recombinant subset #4 BCRs bind viable 
lymphocytes, it is hypothesized that subset #4 CLL are driven by superantigen 
stimulation by NAL epitopes23-25. Yet, evidence that the stereotypic features in subset 
#4 CLL BCRs are related to binding the NAL epitope has not been provided. To study 
this relationship, we recombinantly produced sIgM of three subset #4 CLL BCRs 
and one non-stereotypic IGHV4-34-encoded CLL BCR and analyzed binding to NAL 
epitopes on various lymphocyte cell lines.

Results
Immunoglobulin configuration of subset #4 CLL
Within the AMC and Sanquin patient cohorts, we identified four IGHV4-34-expressing 
CLL (CLL17, CLL64, CLL65 and CLL101) with IGHV-CDR3 amino acid homology to 
subset #4, as defined by Stamatopoulos et al13. These four CLL utilized diverse IGHD 
gene segments, all coupled to a IGHJ6 gene segment (Figure 1A). All four harbored 
stereotypic N-regions, i.e. a glycine (G) and a tyrosine (Y) in N1 and two basic amino 
acids in N2 (Figure 1A). In addition, they all expressed the canonical IGKV3-20-
encoded IGLV17. The IGHV were somatically mutated (range 9-28 mutations, average 
homology to IGHV4-34 germline 94.0%), and all four harbored the subset #4-biased 
mutation G28E or G28D14 (Figure 1B). Other previously reported subset-biased 
replacement mutations at positions 32, 40 and 45 in the IGHV14 were infrequent 
or absent. The IGLV of CLL65 and of CLL101 carried the reported Q43H mutation 
and the IGLV of CLL17, CLL65 and CLL101 harbored the reported N66D mutation17 
(Figure 1C). Mutations in the IGHV-FR1, essential for NAL epitope binding, were not 
found in any of the four CLL (Figure 1B).

Recombinant IgMs of subset #4 BCRs bind lymphocytic cell lines with varying 
intensities
Erythrocytes, B-lymphocytes and T-lymphocytes have been described to express 
variants of the NAL epitope21;22. To study whether CLL subset #4 BCRs are capable 
of binding these epitopes, we recombinantly produced BCRs from three subset #4 
CLL (CLL17, CLL64 and CLL65) and one non-subset IGHV4-34-expressing CLL, 
CLL26V (Figure 1A), as soluble IgM (sIgM). The subset #4 sIgM could not agglutinate 
i- and I-antigen expressing erythrocytes, demonstrating that subset #4 sIgM do not 
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Figure 1: The configuration of IGHV and IGLV of four subset #4 CLL
(A) IGHV- and IGLV-rearrangements of four subset #4 CLL: CLL17, CLL64, CLL65 and CLL101. CLL26V 
is a non-subset #4 IGHV4-34-expressing CLL. (B) Schematic representation of the IGHV of the four subset 
#4 CLL. Lollipop-shaped symbols indicate somatic mutations as compared to the IGHV4-34 germline. 
Closed and open circles represent replacement and silent mutations, respectively. The box highlights the 
G28D/G28E replacement mutations, typical for this CLL subset. (C) Schematic representation of somatic 
mutations in subset #4 IGLV. Lollipop-shaped symbols indicate somatic mutations as compared to the 
IGKV2-30 germline. Closed and open circles represent replacement and silent mutations, respectively. 
The boxes highlight subset-associated replacement mutations.
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Figure 2: Differential binding of subset #4 sIgM to lymphocyte cell lines
Binding of the sIgM of CLL17, CLL64 and CLL65 and of the sIgM of CLL26V, a non-subset #4 CLL, to the 
T-lymphocytic cell line Jurkat (A), the B-LCLs 5E6 (B) and LOS2 (C), the DLBCL cell line Ly-3 (D) and the 
pre-B-cell line Nalm-6 (E). Open histograms represent staining with CLL-derived sIgM. Filled histograms 
represent cells stained with the secondary anti-human IgM-PE antibody only.
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bind the NAL epitopes on eythrocyes (data not shown). Subsequently, binding to 
lymphocyte cell lines was analyzed by flow cytometry. Jurkat T-cells stained positive 
by sIgM of CLL17 and CLL26V, whereas binding of CLL64 and CLL65 was not 
detected (Figure 2A). In contrast, the B-lymphoblastoid cell line (B-LCL) 5E6 was 
stained brightly by CLL17, CLL64, CLL65 and CLL26V (Figure 2B), demonstrating 
that IGHV4-34-expressing CLL, including those belonging to subset #4, are capable 
of binding the NAL epitope. Moreover, this suggests that these CLL may have a fine 
specificity for an epitope present on B-cells rather than on T-cells.
Expression of the NAL epitope is developmentally regulated in B-cells26;27. Therefore, 
binding of subset #4 sIgM to the pre-B-cell line Nalm-6, the mature B-LCLs LOS2 
and 5E6 and the diffuse-large B-cell lymphoma (DLBCL) cell line Ly-3 was analyzed. 
Interestingly, all cell lines showed a unique staining pattern. As described above, 
the B-LCL 5E6 was stained brightly with all IGHV4-34-antibodies analyzed (Figure 
2B). The B-LCL LOS2, which was generated in parallel from the same donor as 
5E6, was stained with CLL17, CLL64 and CLL26V, whereas binding of CLL65 
was very weak (Figure 2C). Ly-3 displayed a uniformly bright staining with CLL17, 
CLL64 and CLL65, while the non-subset #4 CLL, CLL26V, stained only weakly 
(Figure 2D). Binding to Nalm-6 was reminiscent to the pattern observed with Jurkat, 
staining positive with sIgM of CLL17 and CLL26V but not with sIgM of CLL64 and 
CLL65 (Figure 2E), indicating that subset #4 CLL preferably bind to mature B-cells. 
Treatment with a mixture of deglycosylating enzymes abrogated binding of CLL17 
and CLL26V sIgM to Nalm-6 and Jurkat, confirming reactivity to a glyco-epitope 
(Figure 3). Loss of staining by MEM-59, a glycosylation dependent antibody for 
CD43, confirmed that the cells were deglycosylated28. Altogether, these data suggest 
that subset #4 members may have a fine specificity for a NAL-epitope up-regulated 
in the mature B-cell lines 5E6 and Ly-3. In contrast, the non-subset #4 CLL26V had a 
less restrictive pattern, staining weakly to Ly-3 and brightly to Jurkat, Nalm-6, LOS2 
and 5E6 (Figure 2A-E).

Figure 3: Deglycosylation of Nalm-6 and Jurkat 
decreases binding of CLL17 sIgM
Open histograms represent binding of CLL17 sIgM 
(left) or of the glycosylation-dependent anti-CD43 
antibody MEM-59 (right) to Nalm-6 (upper) and 
Jurkat (lower). Depicted are the binding profiles 
to either untreated Nalm-6 and Jurkat cells (solid 
lines) or after deglycosylation (dashed lines). 
Closed histograms represent cells stained with the 
secondary anti-human IgM-PE antibody only.  
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Binding to Ly-3 depends on IGHV-somatic mutations and the stereotypic IGLV
When the subset #4 IGHV of CLL17, CLL64 and CLL65 were paired with a CLL-
derived non-canonical IGKV2D-29-encoded IGLV or with an IGKV3-15-encoded 
IGLV derived from a MALT-lymphoma with RF-activity12, binding to Ly-3 was 
abrogated (Figure 4A), suggesting that binding to Ly-3 depends on the stereotypic 
IGKV2-30 of subset #4. In contrast, binding of these recombinant sIgM to 5E6 
or Nalm-6 cells increased up to a five-fold when the IGHV of CLL17 and CLL64 
were coupled to the IGKV3-15-encoded IGLV and decreased when paired with the 
IGKV2D-29-encoded IGLV (Figure 4B and 4C). Remarkably, binding of the CLL65 
IGHV to 5E6 was diminished when coupled to a non-canonical IGLV. Collectively, 
these experiments show that specificity for the NAL epitope on Ly-3 requires the 
stereotypic IGLV of subset #4, whereas binding to related NAL epitopes on other cell 
lines does not depend on the stereotypic IGLV.
Next, we analyzed the effect of somatic mutations on binding of the NAL-epitope. 
After reversion of somatic IGHV mutations, the sIgM of CLL17 and CLL64 displayed 
reduced binding to Ly-3, whereas binding of CLL65 sIgM with IGHV in germline 
configuration remained similar (Figure 5A). Interestingly, reversion of the subset-

Figure 4: Influence of the stereotypic IGLV on binding to B-cell cell lines by subset #4 sIgM.
Binding of subset #4 IGHV paired with IGKV3-15 and IGKV2D-29 to Ly-3 (A), 5E6 (B) and Nalm-6 (C). 
Plotted are MFI values relative to the sIgM coupled to canonical IGLV.

Figure 5: Reversion of canonical somatic mutations in subset #4 IGHV4-34 affects binding to 
B-cell cell lines.
Binding of subset #4 sIgM to Ly-3 (A), 5E6 (B) or Nalm-6 (C) after reversion of the subset-specific mutation 
at codon 28 (D28G/E28G), in germline configuration (gl) and after substitution of the tryptophane at 
position 7 into a serine (W7S).
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shared mutation at position 28 (G28D or G28E) resulted in decreased binding to Ly-3 
by all three subset #4 sIgM, demonstrating that somatic mutations, and in particular 
the subset-biased D28G/E28G mutation, contribute to the affinity for the NAL epitope 
on Ly-3. In contrast, the binding to 5E6 and Nalm-6 cells increased when stained with 
subset #4-derived sIgM in germline configuration or after reversion of D28G/E28G 
mutations (Figure 5B and 5C). Remarkably, germline CLL65 sIgM bound Nalm-6, 
whereas somatically mutated CLL65 sIgM did not (Figure 5C), suggesting that the 
clonal selection process of CLL65 precursor cells was accompanied by loss of their 
binding-capacity to Nalm-6. Together, these data demonstrate that subset #4 CLL 
are affinity-selected for binding a variant of the NAL epitope as expressed by Ly-3, 
but are not selected for binding the NAL epitopes expressed by Nalm-6 and 5E6. 
In support, subset #4 sIgM binding to Ly-3 could not be completely abrogated by 
substitution of the tryptophane at position 7 into a serine (W7S), whereas binding to 
5E6 and Nalm-6 was abolished after conversion of W7 (Figure 5A).

CLL cells themselves do not express the epitope recognized by subset #4 
BCRs
We next addressed the question whether CLL cells themselves also express variants 
of the NAL epitope. We analyzed binding of the IGHV4-34-encoded sIgM to PBMCs 
from two CLL patients (Figure 6). None of the subset #4 sIgM bound to CLL cells.

Discussion
Previous studies have demonstrated that IGHV4-34-encoded BCRs posses 
superantigen reactivity to NAL epitopes, mediated by a non-conventional binding site 
located in FR118;19. Studies on anti-erythrocyte antibodies demonstrated that binding 
of IGHV4-34 antibodies to NAL epitopes also requires permissive IGHV-CDR3 and 
IGLV18. The stereotypic BCRs of subset #4 CLL have features indicative of binding 

Figure 6: Subset #4 sIgM do not 
bind CLL cells.
Binding of subset #4 sIgM and 
CLL26V sIgM to primary cells 
of CLL796 and CLL914. Open 
histograms represent staining 
with CLL-derived sIgM. Filled 
histograms represent cells stained 
with the secondary anti-human 
IgM-PE antibody only.
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a shared epitope by their conventional antigen binding site, including IGHV-CDR3 
stereotypy8-16, biased somatic mutations14 and non-stochastic pairing of IGLV13;17. Yet, 
it has been hypothesized that subset #4 CLL recognize NAL epitopes, based on the 
observation that CLL subset #4 BCRs are generally not mutated in the FR1 amino 
acids which are critically involved in superantigen binding14;24. In this study, we confirm 
that subset #4 CLL BCRs are indeed capable of binding the NAL epitope. Moreover, 
we demonstrate that the subset-biased somatic mutations and the stereotypic IGLV 
influence the fine specificity for NAL epitope variants, suggesting that subset #4 CLL 
are in fact affinity-selected for distinct NAL epitopes. The IGHV4-34 gene is also 
implicated in self-reactive antibodies directed at dsDNA29. DNA binding by IGHV4-34 
antibodies is mediated by the IGHV-CDR3 and does not interfere with NAL epitope 
binding through FR130. It has been proposed that the subset-related G28D/G28E 
mutation in the IGHV of subset #4 CLL occurs to alleviate anti-DNA self-reactivity14. 
We here demonstrate that the G28D/G28E mutation increases the affinity for the 
NAL epitope, suggesting that the presumed loss of DNA reactivity is not the result of 
negative epitope selection, but secondary to the affinity maturation process for the 
NAL epitope.
Superantigens have previously been implicated as stimuli for CLL BCRs. 
CLL, expressing an IGLV3-21  -encoded IGLV, bind to protein L derived from 
Peptostreptococcus magnus and CLL that express an IGHV1-69-encoded BCR 
bind to the cytomegalovirus (CMV)-related antigen pUL3231;32. Binding to protein L 
and to pUL32 however does not depend on CDR3 stereotypy nor on the IGHV/
IGLV combination31;32, suggesting that the capability to bind these antigens is not 
the explanation for the observed stereotypy in IGLV3-21  - and IGHV1-69-expressing 
CLL. We here provide evidence that the subset #4 CLL BCRs are selected for binding 
a superantigen and that this accounts for their stereotypic features.
It has been reported that IGHV4-34 subset #4 CLL are overrepresented in patients 
who are seropositive for both CMV and Epstein-Barr virus (EBV)33. Infection with 
CMV and EBV, but also infections with the Streptococcus pneumoniae, Mycoplasma 
pneumoniae and Listeria monocytogenes, may induce transient increased titers of 
anti-NAL antibodies34-36, suggesting that these pathogens express variants of the NAL 
epitope recognized by subset #4 antibodies. However, the subset #4 sIgM tested in 
our study did not stain CMV-infected cells in immunohistochemistry (data not shown) 
nor did they react with in vitro EBV-infected LOS2 and 5E6 cells, suggesting that 
CMV and EBV express a NAL epitope that is distinct from that recognized by subset 
#4 CLL. Alternatively, the rise in IGHV4-34 antibodies in the serum during infections 
might be caused by polyclonal activation of IGHV4-34-expressing B cells normally 
excluded from the GC-reaction37.
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The exact modification of the NAL epitope remains to be established, since the NAL-
epitope expressed by Ly-3 has not been defined. Ly-3 cells express the glycoproteins 
CD43 and CD45, which usually carry variants of the NAL epitope in lymphocytes22. 
However, gangliosides may also contain the NAL epitope38. Generally, B-cells express 
higher levels of the linear NAL epitope as compared to the branched epitope22;39. In 
B-cells, the length and exact composition of the NAL epitope varies depending on 
the developmental stage (for instance, in memory B-cells the NAL epitope may be 
terminated by sialic acid26). Ly-3 originates from an activated B-cell (ABC)-type of 
DLBCL, resembling post-germinal center plasmablasts40. It is therefore likely that 
the fine-specificity of subset #4 CLL may involve a linear NAL-epitope of a distinct 
length and composition that is upregulated in a subset of plasmablasts. In line with 
this, CLL cells, which presumably originate from a B1 or a marginal zone B-cell41, are 
not expected to express the subset #4 CLL cognate epitope. It is conceivable that 
plasmablasts are present in proliferation centers and may drive expansion of subset 
#4 CLL, although at this stage it cannot be excluded that pathogens or other cell 
types may also express NAL epitopes capable of driving subset #4 CLL development.
The majority of unmutated CLL are polyreactive and bind, with low affinity, to 
antigens such as DNA, insulin, oxidized LDL, and the cytoskeletal antigens myosin 
and vimentin25;42-45. Now, the antigenic specificity of a limited number of mutated 
CLL subsets has been elucidated. These studies have unveiled that both self- as 
well as exo-antigens may drive CLL development. Two stereotypic subsets, encoded 
by IGHV3-7 - and IGHV4-59-rearrangements, were found to be highly specific for 
the Fc-tail of IgG, and are thus membrane expressed rheumatoid factors (RF)46;47. 
We recently identified a novel subset of mutated CLL expressing IGHV3-7 with 
exceptionally short CDR3 that are highly specific for the fungal antigen β-(1,6)-
glucan48. Moreover, primary CLL cells of both the IgG-specific and the β-(1,6)-
glucan-specific IGHV3-7 subsets were found to proliferate in vitro in the presence of 
their respective BCR ligands. Thus, all these four stereotypic CLL subsets, including 
subset #4, have in common that they are affinity-selected for a cognate antigen and 
for this specificity also critically depend on the co-expressed IGLV46;48;49. Altogether, 
these observations provide support for the hypothesis that CLL are driven by 
antigen-dependent BCR signaling. Recently, evidence has been reported for cell-
autonomous, antigen-independent BCR signaling caused by a BCR-intrinsic epitope 
present within the IGHV-FR250. Remarkably, the IGHV4-34 of CLL65, studied here, 
was found to be somatically mutated in this critical FR2 motif, potentially implying 
loss of these antigen-independent signals. Similarly, it could be hypothesized that 
stimulation by NAL epitopes present on CLL cells themselves may also result in 
cell-autonomous intrinsic signaling. However, we could not demonstrate that the 
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NAL epitope that is recognized by subset #4 CLL BCRs is present on CLL cells, 
suggesting that this epitope is present on an extrinsic source.

Materials and methods
Selection of IGHV4-34 CLL
CLL expressing IGHV4-34 rearrangements were selected from the cohorts of CLL 
patients subjected to mutation status analyses according to the BIOMED protocol51 
at the Academic Medical Center, Amsterdam or Sanquin, Amsterdam. This study 
was conducted in accordance with the ethical standards in our institutional medical 
ethical committee on human experimentation, as well as in agreement with the 
Helsinki Declaration of 1975, as revised in 1983. Accordingly, all patients signed 
informed consent. 

Recombinant immunoglobulin production
Following RNA isolation from peripheral blood mononuclear cells (PBMCs) using 
Trizol Reagent (Invitrogen), cDNA was synthesized using Pd(N)6 random primers. 
IGHV and IGLV genes were amplified using IGHV-, IGKV-, IGHJ- and IGKJ-specific 
primers. Recombinant, soluble IgM (sIgM) were produced using pIgH(μ) and pIgL(κ) 
expression vectors as described previously52. In brief, the rearranged IGHV and IGKV 
genes of each of these leukemias were cloned into the pIgH(μ) and pIgL(κ) vectors, 
respectively. For production of recombinant antibodies, 10 μg pIgH(μ) and 10 μg 
pIgL(κ) was linearized with PvuI and co-transfected into SP2/0 myeloma cells by 
electroporation. Subsequently, transfected cells were selected in medium containing 
400 μg geneticin per ml. Supernatants were screened for sIgM, using ELISAs as 
described previously53. The pIgH(μ) and pIgL(κ) expression vectors were provided 
by J. van Es and T. Logtenberg (Utrecht Medical Center, Utrecht, The Netherlands). 
Heavy and light chains were exchanged by co-transfection of non-endogenous 
combinations of heavy and light chains as described above.
To generate recombinant IgM of subset #4 BCRs with the IGHV4-34 regions in 
germline configuration, naive B-cells (CD19+CD27-) were sorted from a tonsil by flow 
cytometry. Subsequently, the IGHV4-34 germline gene was amplified by PCR using 
an IGHV4-34-specific primer located in the leader sequence and a reverse IGHV4-
34 primer located in FR3. Subset #4 CDR3s were amplified with an IGHV4-34 FR3-
specific forward primer in combination with an IGHJ reverse primer. The IGHV4-
34 germline PCR product was then ligated by PCR to the subset #4 CDR3 and 
recombinantly produced as described. Somatic mutations in the IGHV-CDR3 or in 
the IGLV were not reverted. The somatic mutation at position 28 and the tryptophane 
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at position 7 in the IGHV were altered using specific primers and the QuickChange II 
site-directed XL mutagenesis kit from Stratagene (Santa Clara, CA, USA), according 
to the manufacturer’s instructions. 

Cell culture
The cell lines LOS2 and 5E6 were generated out of normal B cells by EBV 
transformation as described53. Jurkat, Nalm-6, LOS2 and 5E6 were cultured in IMDM 
supplemented with 10% FCS. OCI-Ly-3 (Ly-3) was cultured in IMDM supplemented 
with 20% FCS and 50 μM β-mercaptoethanol. 

Flow cytometry
1 x 105 cells were incubated with recombinant sIgM at 2 μg/ml for 30 minutes at 
4ºC and stained with anti-human IgM-PE (Dako, Glostrup, Danmark) or anti-
mouse IgG1-APC for 30 minutes at 4ºC. When indicated, the cells were fixed in 1% 
paraformaldehyde and incubated with deglycosylation mix (New England Biolabs, 
Ipswich, MA, USA) in non-denaturing reaction conditions for four hours at 37ºC 
prior to incubation by antibodies. Staining was visualized on a FACS Canto II (BD 
Biosciences, San Jose, CA, USA) and the data were analyzed using FlowJo software 
(Tree Star, Ashland, OR, USA).
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