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Summary

We have previously reported that LITAF is silenced by promoter hypermethylation in germinal

center-derived B-cell lymphomas, but beyond these data the regulation and function of LITAF in

B cells are unknown. Gene expression and immunohistochemical studies revealed that LITAF and

BCL6 show opposite expression in tonsil B-cell subpopulations and B-cell lymphomas, suggesting

that BCL6 may regulate LITAF expression. Accordingly, BCL6 silencing increased LITAF

expression, and chromatin immunoprecipitation and luciferase reporter assays demonstrated a

direct transcriptional repression of LITAF by BCL6. Gain- and loss-of-function experiments in

different B-cell lymphoma cell lines revealed that, in contrast to its function in monocytes, LITAF

does not induce LPS-mediated TNFα secretion in B cells. However, gene expression microarrays
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defined a LITAF-related transcriptional signature containing genes regulating autophagy,

including MAP1LC3B (LC3B). In addition, immunofluorescence analysis co-localized LITAF

with autophagosomes, further suggesting a possible role in autophagy modulation. Accordingly,

ectopic LITAF expression in B-cell lymphoma cells enhanced autophagy responses to starvation,

which were impaired upon LITAF silencing. Our results indicate that the BCL6-mediated

transcriptional repression of LITAF may inhibit autophagy in B cells during the germinal center

reaction, and suggest that constitutive repression of autophagy responses in BCL6-driven

lymphomas may contribute to lymphomagenesis.

Keywords

Non-Hogdkin Lymphoma; B cells; Transcription Factors; Germinal Center; Autophagy

Introduction

LITAF was initially identified as the P53-inducible gene 7 (therefore termed PIG7) in the

DLD-1 colon cancer cell line (Polyak, et al 1997). Subsequent studies have functionally

characterized LITAF, for lipopolysaccharide (LPS)-induced TNF alpha (TNFα) factor, as an

activator of the secretion of inflammatory cytokines such as TNFα upon LPS stimulation in

monocytes, acting as a transcriptional activator of TNFA (Moriwaki, et al 2001, Myokai, et

al 1999, Tang, et al 2005, Tang, et al 2006). In other cell types, however, LITAF can exert

non-inflammatory functions. For instance, mutations in LITAF cause abnormalities in

protein degradation in the demyelinating neuropathy termed Charcot-Marie-Tooth disease

type 1C (Eaton, et al 2012, Somandin, et al 2012, Street, et al 2003). These mutations

interfere in the association of the ESCRT machinery with the endosome membrane, a

process regulated by LITAF, resulting in reduced endosome-to-lysosome trafficking in

Schwann cells (Lee, et al 2012). Therefore, LITAF plays different functional roles that seem

to be tissue-specific.

In addition, LITAF has been implicated as a possible tumor suppressor in different

malignancies. For instance, in prostate cancer cells LITAF silencing induced cell

proliferation and anchorage-independent growth in a xenograft model (Zhou, et al 2011),

while in acute myeloid leukemia cells LITAF expression promoted apoptosis and cell

differentiation (Liu, et al 2012). In this regard, we have previously shown that LITAF is

inactivated by epigenetic mechanisms in mature B-cell lymphoma cells (Mestre-

Escorihuela, et al 2007), but beyond these data the regulation and function of LITAF in

these cells are presently unknown. LITAF RNA and protein expression was particularly

decreased in germinal center (GC) B-cell-like diffuse large B-cell lymphoma (GCB-

DLBCL), a tumor entity characterized by constitutively high BCL6 expression due to

genetic alterations (Basso and Dalla-Favera 2010, Chen, et al 1998, Ci, et al 2008, Klein and

Dalla-Favera 2008). BCL6 is a transcriptional repressor normally expressed in the GCs of

secondary follicles, structures where antibodies with high affinity for the antigen are

generated during T-cell mediated humoral immune responses, and acts as master regulator

of the GC reaction (Basso and Dalla-Favera 2010, Klein and Dalla-Favera 2008). In fact,

BCL6 expression promotes several cell functions essential for this process, such as cell
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proliferation (Parekh, et al 2007, Phan, et al 2005, Saito, et al 2009), attenuation of the DNA

damage sensing and repair mechanisms (Phan and Dalla-Favera 2004, Ranuncolo, et al

2007, Ranuncolo, et al 2008) and blocking of terminal B-cell differentiation (Shaffer, et al

2002, Tunyaplin, et al 2004). The continuous activation of these functions upon genetic

lesions that lead to constitutive expression of BCL6 is a key determinant of malignant

transformation in GC-derived lymphomas (Ci, et al 2009, Ci, et al 2008, Klein and Dalla-

Favera 2008).

In this article we show that LITAF is a transcriptional target of BCL6 in B cells. Subsequent

experiments revealed that LITAF co-localized with autophagosomes and lysosomes,

increasing autophagy responses in B-cell lymphoma cells.

Methods

Tissue samples and cell lines

Human mature B-cell lymphoma cell lines and biopsies were included in the study (full

material and experimental procedures are provided as Supplemental Information). Isolation

of B-cell subpopulations from human tonsil reactive lymphoid follicles were performed as

previously reported (Vicente-Dueñas, et al 2012). Samples were obtained in accordance

with the ethical guidelines and after approval of the corresponding Institutional Review

Boards.

LITAF gain- and -loss-of-function experiments

LITAF and BCL6 were silenced with specific siRNAs in KARPAS-231 and VAL cells or in

OCI-Ly1 cells, respectively. BCL6 function was also targeted with the BCL6 inhibitor

peptide BPI (Bio-Synthesis, http://www.biosyn.com), as previously reported (Polo, et al

2004). To express LITAF in SC-1 and RL cells, LITAF cDNA was cloned in the tet-on

RLT-GFP plasmid (Watsuji, et al 1997). Retroviral vectors were produced and stable

transfectants were selected as previously reported (Richter-Larrea, et al 2010). LITAF

expression was induced with 50 ng/mL doxycycline.

Western blot analysis

Western blotting was performed as previously described (Mestre-Escorihuela, et al 2007),

using specific antibodies for LITAF (clone 30, BD Biosciences); BCL6 (clone PG-B6p,

DakoCytomation), rabbit anti-LC3A/B (Cell Signaling) and Actin (JLA20, Calbiochem).

Chromatin immunoprecipitation (Q-ChIP) and ChIP sequencing (ChIP-Seq)

Q-ChIP and ChIP-Seq experiments were performed in OCI-Ly1, as previously reported

(Duy, et al 2010). Primers were designed to amplify three regions containing a putative

binding site each for BCL6 (Ci, et al 2009). ChIP-Seq data are published under GEO

accession no. GSM763399.

Luciferase assays

The DNA sequence found enriched in the ChIP assays was cloned between the XhoI and

KpnI restriction sites of the pGL3 Control vector (Promega). Six bases (TTCTTAAG to
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GGATGCTG) were mutated in the putative BCL6 binding site. Dual-Luciferase Reporter

Assay System (Promega) experiments were performed as previously described (Malumbres,

et al 2009).

Gene expression microarray analysis

Affymetrix gene expression microarray hybridization and data analyses were performed as

previously reported (Vicente-Dueñas, et al 2012). Data are published under GEO Database

accession numbers GSE25638, GSE25613 and GSE42204.

Evaluation of autophagy responses

To induce autophagy, DLBCL cells over-expressing LITAF, or cells in which its expression

was silenced, were starved in Earle’s Balanced Salt Solution (Sigma-Aldrich) and stained

with acridine orange (Invitrogen), followed by flow cytometry to measure the FL3/FL1

ratio, as previously reported (Takeuchi, et al 2005). Increases in the number of acidic

vesicles augment the FL3/FL1 ratio after acridine orange staining and correlate with

increased autophagy. LC3BI to LC3BII conversion, a required step for autophagosome

membrane formation (Mizushima, et al 2010), was assessed by Western blot.

Immunohistochemical (IHC) and Immunofluorescence (IF) studies

IHC staining of tonsil lymphoid follicles was performed using the EnVision system

(DakoCytomation) with antibodies for BCL6 (clone PG-B6p, DakoCytomation), LITAF

(clone 30, BD Biosciences), CD3 (clone F7.2.38, DakoCytomation) and CD20 (clone L26,

DakoCytomation). IF was performed as previously reported (Beltran, et al 2011), with the

same antibodies as for Western blotting.

Q-RT-PCR

For RT reactions, 0.5 μg of total RNA were retro-transcribed using MMLV-RT (Invitrogen)

following the manufacturer’s instructions. Q-PCRs were performed in an ABI PRISM 7500

device (Applied Biosystems) using Taqman Gene Expression Assays (Applied Biosystems)

for LITAF (Hs00191583_m1) and BCL6 (Hs00277037_m1). Data were normalized to

GAPDH expression (Hs.99999905_m1, Applied Biosystems) and to the corresponding

controls using the ΔΔCt method for calculations.

Results

LITAF and BCL6 expression are inversely correlated in mature B-lymphocyte
subpopulations and B-cell lymphomas

To elucidate the function of LITAF in B cells, we first assessed its expression in B-cell

subpopulations isolated from tonsil reactive lymphoid follicles. LITAF mRNA and protein

expression levels were higher in naïve and memory B lymphocytes than in GC B cells,

exhibiting reciprocal expression to BCL6 (Fig. 1A). Accordingly, IHC analysis identified

cytoplasmic expression of LITAF in naïve and memory B-cell areas surrounding GCs,

which were devoid of BCL6 expression, whereas GC cells exhibited strong nuclear BCL6

expression without LITAF staining (Fig. 1B). Of note, a minor cell population in the GC
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displayed LITAF expression, but lacked BCL6 staining as revealed by double

immunostaining (Fig. 1C), further suggesting a negative correlation between BLC6 and

LITAF. These LITAF-expressing GC cells were identified as CD20+ B-cells and CD3+ T

cells, both of which were also detected out of the GC (Figs 1D-E). In GC-derived

lymphomas, BCL6 is targeted by chromosomal translocations or point mutations that induce

its constitutive expression, leading to malignant transformation. We hypothesized that these

lymphomas with high levels of BCL6 could show particularly low levels of LITAF. As

expected, GCB-DLBCL cell lines displayed BCL6high/LITAFlow expression, while the non-

GC-derived mantle cell lymphoma and splenic marginal-zone lymphoma cell lines displayed

a BCL6low/LITAFhigh expression pattern, and activated B-cell like-DLBCL cells showed

intermediate expression of both proteins (Fig. 1F). In addition, expression microarray data of

biopsy specimens from mature B-cell lymphoma patients were analyzed for LITAF and

BCL6 expression, and most of them also exhibited an inverse correlation in the expression of

these genes: GC-derived lymphomas such as GCB-DLBCL and follicular lymphoma

displayed a BCL6high/LITAFlow expression pattern, whereas splenic marginal-zone

lymphoma and mucosa-associated lymphoid tissue lymphoma showed the opposite pattern

(Fig. 1G). Accordingly, Q-RT-PCR analysis in an independent series of 119 DLBCL

biopsies confirmed the inverse correlation of LITAF and BCL6 expression (Spearman

correlation coefficient -0.326, p<0.001), being mean LITAF expression 2-fold higher in the

subgroup of patients with BCL6 expression below the median of the cohort (Fig. 1H).

Furthermore, we found that high LITAF expression correlated with a high mortality score

based on the expression of 6 genes (Malumbres, et al 2008) in these patients (Fig. 1H and

Suppl. Fig. 1A), probably by identifying patients of the bad prognosis ABC-DLBCL

subgroup, that are characterized by low BCL6 expression. This association of high LITAF

expression with worse overall survival was corroborated with data of a published series of

240 DLBCL patients (Rosenwald, et al 2002) when the ABC and GCB DLBCL subtypes

were grouped, while high LITAF expression showed a tendency for better overall survival in

the less frequent Type III subgroup (Suppl. Fig. S1B). We also found a tendency for worse

overall survival in DLCBL patients with high LITAF expression measured by IHC in tissue

microarrays (Suppl. Fig. S1C). In summary, our data suggest that LITAF may be

transcriptionally repressed by BCL6 both in non-transformed and lymphoma B cells.

BCL6 directly binds to LITAF intron 1and represses LITAF transcription

Supporting the notion that BCL6 can regulate LITAF expression, peptide-mediated

inhibition and siRNA-mediated silencing of BCL6 in OCI-Ly1 cells induced 2.1±0.2-fold

and 3.4±0.4-fold increases, respectively, in LITAF mRNA levels (Fig. 1I). This increment

resulted in an increased amount of LITAF protein measured by Western blot (Fig. 1J). To

check whether BCL6 was able to bind to the LITAF promoter, we first analyzed data from

high-throughput chromatin immunoprecipitation sequencing (ChIP-Seq) experiments

performed in OCI-Ly1 cells using two different anti-BCL6 antibodies (Fig. 1K). This

analysis showed a region of enrichment including the first exon of LITAF (as on RefSeq

NM_004862.3, chr16: 11,680,229-11,680,003) and sequences nearby. Three sequences very

similar to the consensus binding site for BCL6 ([A/T]TC[C/T][A/T][A/C]GA) (Ci, et al

2009) were located inside or in the vicinity of the ChIP-Seq enriched region. Quantitative

real-time chromatin immunoprecipitation (Q-ChIP) experiments, using specific primers
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flanking each of these putative binding sites, showed a statistically significant 6-fold

enrichment (p= 0.002) for the 98 bp sequence that included the second putative BCL6

binding sequence (TTCTTAAG) located at Chr.16:11,678,778-11,678,771, 1,224 bp

downstream of the non-coding exon 1 in the LITAF gene (Genome Browser assembly

GRCh37/hg19) (Fig. 1L). To confirm that this BCL6 binding site regulated LITAF

expression, we cloned a region of 309 bp containing this motif upstream of the luciferase

gene in a reporter vector. This resulted in a 20% decrease in luciferase activity in OCI-Ly1

cells, which was abolished when the BCL6 binding site was mutated (Fig. 1M). Taken

together, these data indicate that LITAF is a novel direct transcriptional target of BCL6 in B

cells.

LITAF is a positive regulator of autophagy in B cells

In monocytes, LITAF expression increases upon LPS exposure and induces TNFα secretion

(Myokai, et al 1999). However, the function of LITAF in B cells is unknown. Unexpectedly,

LITAF expression did not augment upon LPS exposure nor induced TNFα secretion in 8 out

of 9 different B-cell lymphoma cell lines (Figs 2A-B), with the only exception of OCI-Ly10,

which increased LITAF protein expression upon LPS exposure during 24h and showed a

minor parallel increment of TNFα secretion from 0 to 16.1±14.7 pg/μl. To further confirm

that the induction of TNF secretion is not the function of LITAF in B cells, TNFα was

quantified in the supernatants of SC-1 and RL cell lines stably transfected with a

tetracycline-inducible expression vector containing the full-length LITAF cDNA after

doxycycline-induced LITAF expression, and no increment of this cytokine was found (Figs

2B-C). Moreover, TNFα secretion after LITAF silencing in KARPAS-231 and VAL cells

was not decreased (Figs 2B, D). Interestingly these cell lines, as well as others studied by

subcellular fractionation and Western blot, showed LITAF expression only in the cytoplasm

and not in the nucleus (Fig. 2E), further supporting the hypothesis that LITAF is not acting

as transcription factor in B cells. Likewise, LITAF expression had no effect on cell viability

(Figs 2F-G). Interestingly, gene expression microarray analysis showed that the

transcriptional signature driven by LITAF silencing in KARPAS-231 and VAL cells

included genes involved in AMPK signaling, an important regulator of autophagy (Zhou, et

al 2011) (Supplemental Fig. S2). In addition, MAP1LC3B (LC3B), an ortholog of the yeast

autophagosome protein Atg8, was found 2- and 1.2-fold induced in gene microarray

experiments in RL and SC-1 cells, respectively, upon LITAF over-expression. In addition,

subsequent IF studies co-localized LITAF with autophagosomes and lysosomes in non-

transformed and lymphoma B cells, further supporting the involvement of LITAF in

autophagy regulation (Figs 3A-D). In agreement with this hypothesis, RL cells ectopically

over-expressing LITAF displayed 1.6-fold increased FL3/FL1 ratio after acridine orange

staining, which correlates with an increase in the number of acidic vesicles, and a 1.4-fold

increase in LC3BII/LC3BI ratio, which implies an increment in the amount of

autophagosomes, in comparison to control cells upon starvation (Figs 3E-F). This increased

induction of autophagy was confirmed by the higher number of RL cells overexpressing

LITAF that showed LC3B staining condensed in autophagy vacuoles, observed by confocal

microscopy (Fig. 3I-L). Consistently, siRNA-mediated LITAF silencing in starved

KARPAS-231 cells induced a 4.3-fold decrease in the FL3/FL1 ratio and a 2.5-fold

reduction of the LC3BII/LC3BI ratio (Figs 3G-H), confirming that LITAF is involved in the
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regulation of autophagy responses. In addition, LITAF induction in OCI-LY1 cells upon

BCL6 silencing resulted in an increase in LC3BI to LC3BII conversion, particularly in basal

conditions but also after starvation, as assessed by Western Blot (Fig. 3M), further

supporting the involvement of the BCL6/LITAF axis in the regulation of autophagy in B

cells.

Discussion

In this study, by integrating expression analysis of human B-lymphocyte subsets, ChIP

assays and dual luciferase experiments, we demonstrate transcriptional repression of LITAF

by BCL6 in B cells, suggesting that LITAF may play a role in mature B-cell development.

Despite the fact that LITAF induces TNFα gene expression and secretion upon LPS

stimulation in monocytes (Myokai, et al 1999, Tang, et al 2005, Tang, et al 2006), we found

that LITAF was rarely induced by LPS in B-cell lymphoma cells and TNFα secretion was

not associated with LITAF expression. Furthermore, the location of LITAF in cytoplasmic

vesicles observed by IF, as well as its absence in the nucleus of B cells assessed by IHC and

subcellular fractionation, also indicated that LITAF was not acting as a transcription factor

in B lymphocytes. Rather, our results point to a role of LITAF in promoting autophagy

responses in B cells, suggesting a link between autophagy regulation and BCL6. As

autophagy is involved in antigen presentation to T cells by B cells within the GCs (Clark, et

al 2004, Munz 2009, Strawbridge and Blum 2007, Watanabe, et al 2008), and cognate T-

cell/B-cell interactions are known to participate in the selection of the cells with highest

affinity for the antigen (MacLennan, et al 1997), the inhibition of LITAF by BCL6 in GC B

lymphocytes could hamper antigen presentation during the somatic hypermutation and

proliferation processes that are necessary to generate high affinity antibodies. On the other

hand, autophagy is essential for T-cell activation due to the high energy requirements of this

process (Hubbard, et al 2010), and this could also be the case for B cells at some step of

their activation during the humoral immune response. More experiments are warranted to

elucidate the significance of the regulation of autophagy by LITAF in B-cell activation and

function.

In addition, the regulation of autophagy by LITAF could also have a role in tumorigenesis,

as has been reported for other autophagy-related genes. For instance, BECN1, an

indispensable gene for autophagy, has been found mono-allelically deleted in 40-75% of

sporadic human breast cancers and ovarian cancers (Liang, et al 1999). Furthermore, mono-

allelic loss of BECN1 in mice leads to a higher frequency of tumors, including B-cell

lymphomas, showing that this gene acts as a haploinsufficient tumor suppressor (Qu, et al

2003, Yue, et al 2003). Thus LITAF, a positive regulator of autophagy like BECN1, might

have a similar tumor suppressor role as has been previously suggested by other groups (Liu,

et al 2012, Zhou, et al 2011) and constitutive LITAF inhibition by the BCL6 oncoprotein

could contribute to B-cell lymphomagenesis. In agreement with this hypothesis, our group

previously reported LITAF homozygous deletion and gene expression silencing by promoter

hypermethylation in mature GC-derived B-cell lymphomas (Mestre-Escorihuela, et al 2007).

Interestingly, we found a tendency for better overall survival in patients of the Type III

subgroup of DLBCL with high LITAF expression, supporting the notion of LITAF acting as

a tumor suppressor. Nevertheless, when considering the most frequent subgroups of
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DLBCL, GCB and ABC, high LITAF expression was associated with worse overall

survival, most probably because of the higher LITAF expression found in the worse

prognosis ABC-DLBCL subgroup. These data encourage further studies to shed light on the

possible involvement of LITAF expression inhibition in GC-derived lymphomagenesis.

In summary, our work for the first time provides evidences for the transcriptional repression

of LITAF by BCL6 in B cells, whereby LITAF acts as a positive regulator of autophagy.

Consequently, BCL6-mediated suppression of LITAF-induced autophagy may play a role in

the GC reaction and in GC-derived lymphomagenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. BCL6 represses LITAF transcription in B cells
LITAF and BCL6 expression were assessed by analysis of gene expression microarrays

(heatmap of RMA normalized log2 transformed values, two probe sets per gene) (A, upper

panel) Western blotting (A, lower panel), immunohistochemistry (brown) (B) and double

immunostaining (BCL6 brown and LITAF blue) (C) in reactive human tonsils. The white

arrow in C points to a cell strongly expressing LITAF that is negative for BCL6 staining

inside the GC, delimited by a discontinuous line. Details of higher magnification of the cells

are embedded in two micrographs in B. Double staining for LITAF in red and CD20 (D) or

CD3 (E) in blue showed that some B cells as well as T cells express LITAF inside (white

arrows) and outside (yellow arrows) the GC. (F) Heatmap of microarray gene expression

data (upper panel) and protein expression assessed by Western blot (lower panel) of LITAF

and BLC6 in cell lines of mantle cell lymphoma (MCL), splenic marginal zone lymphoma
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(SMZL), diffuse large B-cell lymphoma of the GC subtype (GCB-DLBCL) and of the

activated B-cell-like subtype (ABC-DLBCL). LITAF and BCL6 mRNA expression levels

were also analyzed in microarray data of a series of B-cell lymphoma cases including 9

GCB-DLBCL, 9 ABC-DLBCL, 15 mucosa associated lymphoid tissue (MALT) lymphoma,

15 follicular lymphoma (FL) and 12 SMZL specimens (G), as well as analyzed by Q-RT-

PCR in biopsies of 119 DLBCL cases and compared between patients with high (above

cohort median) and low BCL6 expression or mortality score (H). LITAF mRNA expression

assessed by Q-RT-PCR increased in the BCL6 expressing GCB-DLBCL cell line OCI-Ly1

after BCL6 silencing with a siRNA (I, upper panel) or BCL6 inhibition with the BPI peptide

(I, lower panel). Q-RT-PCR data was normalized to the corresponding controls as 2-ΔΔCt.

Boxplots of three independent experiments are shown. LITAF increase was also confirmed

at protein level by Western Blot (J). (K) ChIP-Seq enrichment around LITAF exon 1 (small

black square under the enrichment histograms) corresponding to two different anti-BCL6

antibodies (N3 and D8). The location of the primer pairs used for Q-ChIP experiments are

depicted at the bottom. The enrichment of the sequence between the second primer pair was

confirmed by Q-ChIP (L), using an anti-actin antibody as negative control. Data are

displayed as mean±SD of 2 independent experiments. This sequence (Seq2) was cloned in a

luciferase expression plasmid controlled by the SV40 promoter and showed a repressive

effect abolished by the mutation of the putative binding site for BCL6 located in this

sequence (Seq2 Mut) in Dual Luciferase assays (M). Mean±SEM data of 4 independent

luciferase experiments in OCI-ly1 cells are shown. ** means statistical significance with p

value below 0.01, n.s., non-significant differences (p> 0.05). CB, centroblasts; MC, memory

B cells; Naïve, naïve B cells.
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Figure 2. LITAF does not induce TNFα secretion upon LPS exposure in B cells
(A) LITAF expression assessed by Western blot in 9 cell lines of Diffuse Large B Cell

Lymphoma (DLBCL) incubated with LPS during 24h, using actin detection as loading

control. (B) TNFα secretion measured by ELISA in THP1 and OCI-Ly10 cells treated with

LPS for 24 hours, in RL and SC-1 cells harboring a tetracycline inducible LITAF expression

plasmid (Tet on LITAF) or the corresponding empty vector (Tet on Empty) in presence of

50 ng/mL doxycycline, and in KARPAS-231 (K231) and VAL cells transfected with a

LITAF specific siRNA or non-targeting siRNA (Ctrl.). Subcellular fractionation was

performed in four DLBCL cell lines as previously described (Beltran, et al 2011) and

LITAF was detected by Western blot (C) β-tubulin and LAMIN A/B were also analyzed as

markers of the cytoplasmic “C” and nuclear “N” fractions, respectively. The induction of

LITAF expression (D) and the silencing of LITAF (E) were confirmed by Western blot. The

effect on cell viability of LITAF over-expression induced by doxycycline exposure in SC-1

(F) and RL (G) cells transfected with a tetracycline inducible expression vector was

measured by MTS assays. The results are normalized to the corresponding cells not treated

with doxycycline. Error bars represent the standard deviation of three independent

experiments.
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Figure 3. LITAF is involved in autophagy regulation
Detection by immunofluorescence of LITAF (Alexa Fluor 488), LC3B (Alexa Fluor 594)

and Lysotracker (red) in healthy donor CD19+ B cells (A, B) and OCI-Ly19 cells (C, D)

was performed. Nuclei were contrasted with DAPI staining. Images were captured using an

epifluorescence inverted microscope Axio Imager 21 (Zeiss). (E) Analysis by flow

cytometry with FACSCalibur and the FlowJo software of the FL3/FL1 ratio after acridine

orange staining of RL cells stably transfected with a tetracycline inducible LITAF

expression vector (lower panels) or the corresponding empty vector (upper panels) in

presence of 50 ng/mL doxycycline, in standard culture conditions (left panels) or upon 6 h

starvation (right panels). The corresponding mean±SEM of the percentage of cells in the

upper left corner of three independent experiments are shown in black numbers in each

panel. (F) Analysis by Western blot of LITAF, LC3BI (LC3I) and LC3BII (LC3II) in

doxycycline treated RL cells stably transfected with a tetracycline inducible LITAF
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expression vector or the empty control vector, cultured in standard conditions or upon

starvation for 4 h including 2 h incubation with 100 μM leupeptin plus 20 mM NH4Cl to

avoid LC3BII degradation by the autophagic flux. Actin was also analyzed as a loading

control. Mean values of LC3BII/LC3BI from three independent experiments are displayed

below, and the corresponding increments of this ratio in the starved cells compared with

non-starved cells in the same three replicate experiments are also shown at the bottom. Data

were digitalized with a ScanMaker E900 scanner and quantified with ImageJ 1.46r. The

same analyses of FL3/FL1 cytometry, comparing the non-starved cells with the

corresponding starved ones (G) and LC3B Western blot (H) were performed in

KARPAS-231 cells transfected with a siRNA for LITAF (siLITAF) or with a non-targeting

control siRNA (Ctrl.). OCI-LY1 cells were likewise analyzed by Western blot upon BCL6

silencing (M). RL cells with LITAF overexpression and starved exactly as for the Western

blot were analyzed by confocal microscopy for LC3B expression (L). Controls including

non-starved (I) and starved (J) RL cells harboring the corresponding empty vector, as well as

non-starved cells with LITAF overexpression (K) were included. Autophagy vacuoles with

intense LC3BII staining (Alexa Fluor 488) coupled to reduced diffuse LC3BI staining in the

cytoplasm indicate high autophagy levels (white arrows).
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