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Summary statement 28 

Highlighting the role of immune surveillance, transformation of indolent B-cell lymphoma 29 

into an aggressive malignancy is experimentally reproduced after T-cell immune suppression 30 

in the L.CD40 preclinical mouse model. 31 
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Abstract 33 

Transformation of an indolent B-cell lymphoma is associated with a more aggressive clinical 34 

course and poor survival. The role of immune surveillance in the transformation of a B-cell 35 

indolent lymphoma towards a more aggressive form is poorly documented. To experimentally 36 

address this question, we used the L.CD40 mouse model, which is characterized by B-cell 37 

specific continuous CD40 signaling, responsible for spleen indolent clonal or oligoclonal B-38 

cell lymphoma after one year in 60% cases. Immunosuppression was obtained either by T/NK 39 

cell depletion or by treatment with the T-cell immunosuppressive drug cyclosporin A. 40 

Immunosuppressed L.CD40 mice had larger splenomegaly with increased numbers of B-cells 41 

in both spleen and peripheral blood. High-throughput sequencing of immunoglobulin variable 42 

segments revealed that clonal expansion was increased in immunosuppressed L.CD40 mice. 43 

Tumor B cells of immunosuppressed mice were larger with an immunoblastic aspect, both on 44 

blood smears and spleen tissue sections, with increased proliferation rate and increased 45 

numbers of activated B-cells. Collectively, these features suggest that immune suppression 46 

induced a shift from indolent lymphomas into aggressive ones. Thus, as a preclinical model, 47 

immunosuppressed L.CD40 mice reproduce aggressive transformation of an indolent B-cell 48 

tumor and highlight the role of the immune surveillance in its clinical course, opening new 49 

perspective for immune restoration therapies. 50 
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Introduction 52 

Indolent B-cell lymphomas are a group of incurable cancers encompassing various entities 53 

such as chronic lymphocytic leukemia (CLL), follicular lymphoma (FL) or marginal zone 54 

lymphoma (MZL). They occur predominantly in elderly subjects and are extremely rare in 55 

patients younger than 40 years old. Various alterations of the immune system are associated 56 

with aging including a shift from a naive to a memory T-cell phenotype, decreased T-cell 57 

responses to in vitro stimulation, and oligoclonal expansion in the T- and B-cell repertoire 58 

(Linterman, 2014; Nikolich-Zugich, 2008; Sarkozy et al., 2015). Aging has been shown to 59 

influence the expression of co-stimulatory molecules such as ICOS and CTLA-4 expression 60 

on T-cells (Canaday et al., 2013) and is also associated with increased frequency of regulatory 61 

T-cells (Treg) in both mice and humans. As Tregs control the intensity of T-cell responses, 62 

they could contribute to age-related immune dysfunction (Raynor et al., 2012). Consequences 63 

of immune decline in elderly people include lower vaccination efficacy, decreased resistance 64 

to infections, increased inflammation and autoimmune activation, decreased immune 65 

surveillance and increased onset of malignancies (Ponnappan and Ponnappan, 2011; Pinti et 66 

al., 2016).  67 

 68 

Despite these immunological deficits in elderly individuals, immune surveillance still 69 

remains, and the indolent tumor B-cells are very likely to subvert their microenvironment 70 

with a prolonged escape phase. For example, FL B-cells may secrete CCL22, which recruits T 71 

regulatory cells (Treg). Furthermore CD4 positive T-cells from FL follicles exhibit a profile 72 

of exhausted effector T-cells with a high proportion of PD1 and/or TIM3 positive cells (Amé-73 

Thomas and Tarte, 2014). Immune suppression and poor antitumor immune responses are 74 

among hallmarks of CLL (García-Muñoz et al., 2012). CD5, the main surface 75 

immunophenotypic marker of CLL, can lead to IL10 secretion (Gary-Gouy et al., 2002), 76 
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which acts not only as an autocrine growth factor for leukemic B-cells, but also as an 77 

immunosuppressive cytokine inhibiting T-cells and antigen presenting cells (Ramsay et al., 78 

2008). Standardized incidence ratios of splenic marginal zone lymphomas is markedly 79 

increased in young adults after solid organ transplantation (Clarke et al., 2013), a clear 80 

indication that immune surveillance may prevent emergence of these lymphomas. 81 

Consistently, the presence of PD-1 positive exhausted T-cells has been reported in marginal 82 

zone lymphomas (Xu-Monette et al., 2017). All indolent lymphomas may evolve towards 83 

aggressive transformation with an increased proliferation index and decreased tumor doubling 84 

time. Such transformation, called Richter’s syndrome in CLL, is associated with a more 85 

aggressive clinical course and poor survival. Indeed, progression of indolent B-cell 86 

lymphomas is likely to be associated with escape from immune surveillance(Nicholas et al., 87 

2016). It is of note, therapies targeting the PD-1/PD-L1 axis seem to be effective only on CLL 88 

with Richter’s transformation (Ding et al., 2017). However, in fact, the role of the immune 89 

system is poorly known in such transformation process. 90 

 91 

Our aim was to experimentally address the question of the role the immune suppression in 92 

transformation of an indolent B-cell lymphoma. Among the very few mouse models of 93 

indolent lymphoma is the one published by Hömig-Hölzel et al (Hömig-Hölzel et al., 2008). 94 

In this model, the transgene, preceded by a loxP flanked stop-cassette in the rosa26 genomic 95 

locus, encodes for a chimeric protein composed of the transmembrane domain of latent 96 

membrane protein 1 (LMP1) of EBV and the intracellular signaling domain of CD40, i.e. 97 

L.CD40 mice. This chimeric protein is responsible for a continuous CD40 signal, which 98 

results in continuous NF-B activation (Gires et al., 1997). When crossed with mice 99 

expressing Cre recombinase under control of the CD19 promoter (CD19-Cre mice), L.CD40 100 

mice first exhibit an expansion of the marginal B-cell compartment in the spleen and then 101 

develop an indolent lymphoma of the spleen after one year in 60% of cases (Hömig-Hölzel et 102 
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al., 2008). Construction of the L.CD40 model is closed from the one of Zhang et al in which 103 

the transgene was the latent membrane protein 1, the main oncogenic protein of Epstein Barr 104 

Virus (EBV), which acts by rerouting CD40 signaling pathways (Zhang et al., 2012). In this 105 

model, LMP1 expressing B-cells were almost completely eliminated by the host immune 106 

system, and only deep T and NK cell depletion allows rapid emergence of highly aggressive 107 

B-cell lymphomas. 108 

 109 

Here, we found that immune suppression either by T-cell depletion or by treatment with the 110 

T-cell immunosuppressive drug of L.CD40 mice induced a shift from an indolent to an 111 

aggressive lymphoproliferative disorder. These results suggest that, according to the immune 112 

status, the L.CD40 mouse model could be a preclinical model not only of indolent B-cell 113 

lymphoma but also of their transformed counterpart and point on the role of immune anti-114 

tumor surveillance in the natural course of these cancers. 115 

  116 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 24, 2018. ; https://doi.org/10.1101/477273doi: bioRxiv preprint 

https://doi.org/10.1101/477273


7 
 

Results 117 

Increased splenomegaly is due to spleen expansion of B-cells in immunosuppressed L.CD40 118 

mice. 119 

Raising the question of the role of immune surveillance in indolent B-cell lymphomagenesis, 120 

we tested the effect of immunosuppression on indolent lymphoma developed by L.CD40 121 

mice. Eight months old L.CD40 mice were treated either every 4 days with a cocktail of 122 

monoclonal antibodies (mAbs) against T and NK-cells for 3 weeks or daily with CsA for 3 123 

weeks or 3 months. T-cell depletion and CsA treatment had no effect on the size and weight 124 

of spleens from CD19-Cre mice (not shown). After three weeks treatment with mAbs against 125 

T and NK cells, T-cell depletion was very pronounced in spleen and almost complete in blood 126 

(Figure S1A and S1B). After CsA treatment, T-cells strongly decreased in the blood and only 127 

mildly in the spleen (Figure S1C). T and NK cell depletion by mAbs was associated with 128 

increased spleen enlargement (Figure 1A). This spleen enlargement was related to increase in 129 

splenocyte absolute numbers (Figure 1B), that was mainly due to B-cell compartment 130 

expansion (Figure 1C). Three weeks immunosuppression with CsA had no significant effect 131 

on spleen size (not shown). After 3 months, spleens of control L.CD40 mice were further 132 

enlarged due to aging (Figure 1A). However, three months immunosuppression with CsA 133 

induced a more pronounced splenomegaly (Figure 1A), with a significant increase in absolute 134 

number of spleen cells (Figure 1B), that was also due to increased spleen B-cell content 135 

(Figure 1C).  136 

 137 

Increased spleen expansion of B-cells in immunosuppressed L.CD40 mice is related to 138 

increased B-cell clonal abundance with presence of activated large cells and increased 139 

proliferation index. 140 
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Analysis of B-cell clonality was done by high-throughput sequencing of VDJ regions (Figure 141 

2). With a threshold of 10% clonal frequency (or clonal abundance), no significant clonal 142 

expansion was seen in one year old control wild type mice. Even if spleen morphology 143 

remained globally unchanged, without splenomegaly and without B-cell expansion, three-144 

month CsA treatment of control mice was associated with presence of spleen B-cell clones 145 

above 10% in one out of the three tested cases (33%) cases. Three out of the five (60%) 146 

untreated L.CD40 mice exhibited clonal B-cell expansion. Five out of five (100%) three 147 

month CsA immunosuppressed L.CD40 mice were clonal. Mean clonal abundance of the 148 

dominant clone was 42% and 12% in L.CD40 mice with or without immune suppression 149 

respectively (Student T-test, p = 0.03), without any bias in terms of V segment usage (not 150 

shown). These results indicate that long term CsA induced immunosuppression did 151 

significantly favor expansion of clonal B-cells in L.CD40 mice. Morphologically, spleen B-152 

cell increase in three-month CsA immunosuppressed mice was associated with broad sheets 153 

of large cells with oval nuclei, lacy chromatin and paracentral nucleoli (Figure S2A). This cell 154 

size enlargement was confirmed by flow cytometry since forward scatter of B-cells was 155 

increased in immunosuppressed mice (Figure S2B). Expression of activation markers such as 156 

CD80 and CD86 was up-regulated in IS L.CD40 mice (Figure 3A). The fraction of BrdU 157 

positive B-cells from immunosuppressed L.CD40 mice was increased when compared to 158 

controls (Figure 3B) as well as numbers of Ki67 positive cells in spleens (Figure S2C). 159 

Altogether, these results suggest that long-term immune suppression was associated with both 160 

increased clonal expansion and aggressive transformation of the indolent L.CD40 B-cell 161 

lymphoma. 162 

 163 

Increased amounts of large B-cells in the blood of long term immunosuppressed L.CD40 mice 164 
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No significant changes were seen in blood from three weeks T and NK cell depleted mice (not 165 

shown). After two months, CsA treatment we observed increased leukocytes in L.CD40 mice 166 

(Figure 4A). As assessed by flow cytometry, the B-cell compartment of CsA treated L.CD40 167 

mice was increased, contrasting with the decrease in granulocytes and T-cells (Figure 4B). 168 

We also noticed the emergence of large B-cells on the forward scatter (FCS) monoparametric 169 

histograms (Figure 4C left panel). This cell size increase was confirmed on blood smears after 170 

May-Grunwald Giemsa (MGG) staining (Figure 4D right panel). Lymphocytes from control 171 

L.CD40 mice remained small with little cytoplasm, round nuclei and dense chromatin while 172 

those from CsA treated L.CD40 mice were often large with abundant basophilic cytoplasm, 173 

and prominent nucleoli. 174 
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Discussion 176 

Here, we experimentally raise the question of role of the immune suppression in the 177 

transformation of an indolent B-cell lymphoma using the L.CD40 mouse model. It was seen 178 

that immune suppression accelerated clonal B-cell expansion and increased the tumor 179 

aggressiveness.  180 

 181 

Post-transplant lymphoproliferative disorders is one of the main clinical situation in which 182 

therapeutic induced immune suppression (CsA being one of the main immune suppressive 183 

drug) is the direct cause of B-cell lymphoma. These B-cell lymphomas are almost always 184 

aggressive and are very often associated with EBV. Indeed, the vigorous immune surveillance 185 

exerted against EBV-immortalized B-cells in immunocompetent hosts constrains the EBV-186 

immortalized B-cell to adopt a silenced non-proliferating phenotype to evade the immune 187 

response. Such role of the immune surveillance has been experimentally demonstrated by 188 

Zhang et al who show, in a genetically modified mouse model, that the immune system is 189 

able to eliminate B-cells that have been endogenously activated by LMP1, the main 190 

oncoprotein of EBV (Zhang et al., 2012). In both cases of EBV infection or LMP1 mouse 191 

model, the immunocompetent host is able to completely abolish emergence of clonal B-cell 192 

lymphoma, and only immune suppression reveals the transformation potential of EBV and its 193 

oncoprotein LMP1. The L.CD40 model is different since B-cells bearing CD40 continuous 194 

signaling slowly accumulate with late clonal emergence. Moreover, after immune 195 

suppression, emergence kinetics of aggressive B-cell clones is much faster for the LMP1 196 

mouse model than for the L.CD40 model, taking few weeks for the former(Zhang et al., 2012) 197 

and few month for the latter (our results). In that view B-cells bearing CD40 continuous 198 

signaling are very likely to be able to escape from the host immune system and to 199 

progressively accumulate. CD40 and LMP1 signaling pathways are not exactly similar 200 
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(Graham et al., 2010). For example, CD40 activation of the alternate NF-κB pathway is more 201 

intense than the one of LMP1 that mainly activates the classical pathway (Chanut et al., 202 

2014).  203 

 204 

A pivotal event in the natural history of almost all indolent B-cell lymphomas is 205 

transformation into a more aggressive malignancy, most frequently resembling DLBCLs. At 5 206 

years, transformation frequency may be below 5%, as for marginal zone lymphomas and over 207 

20% for FCLs and CLL (Montoto and Fitzgibbon, 2011). Among genetic events associated 208 

with transformation are those promoting c-Myc activation or TP53 inactivation(Lossos and 209 

Gascoyne, 2011). With the background of a primary genetic event affecting the common 210 

precursor tumor cells such as translocation of BCL2 in FCLs, del(13q) or del(12q) in CLL 211 

and MALT1 or BCL10 in MALT marginal zone lymphomas, acquisition of genetic events 212 

promoting proliferation and/or resistance to cell death would favor Darwinian selection of 213 

more aggressive subclones. Such a transformation arises either from the dominant clone as in 214 

most cases of CLL
 
(Fabbri et al., 2013; Mao et al., 2007) or from clonally related common 215 

precursor tumor cell as in FCLs (Bouska et al., 2017; Fabbri et al., 2013; Pasqualucci et al., 216 

2014). Transformation of FL is associated with genetic events favoring immune escape 217 

(Bouska et al., 2017; Fabbri et al., 2013; Pasqualucci et al., 2014). In solid cancers such as 218 

melanomas or lung carcinomas, there is a clear relationship between the mutation burden and 219 

a positive response to immunotherapies directed against the PD-L1/PD-1 axis, most likely due 220 

to the high number of tumor specific neo-antigens (Simone et al., 2015). Acquisition of 221 

additional genetic events in indolent lymphomas would be associated with increased 222 

immunogenicity of the subclonal B-cells. As noted above, anti PD-1 immune therapies are 223 

effective only in CLL with Richter’s transformation. In this context, it can be put-forward that 224 

transformation of an indolent B-cell lymphoma could be due either to aggravation of patient 225 
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immune deficiency or to genetic acquisition of a series of tools able to neutralize the anti-226 

tumor immune response by the transformed B-cell while increasing its proliferation index.  227 

 228 

L.CD40 indolent B-cell lymphomas are characterized by increase in splenomegaly and 229 

considerable expansion of splenic B-cells with late acquisition of oligo or monoclonality. The 230 

proliferative index remains consistently low or moderate, with no evidence for transformation 231 

into high-grade lymphoma. Immunosuppression of L.CD40 mice led to increased 232 

aggressiveness of the lymphoproliferative B-cell disorder. Signs of aggressiveness included 233 

increased splenomegaly, size and proliferative index of cells, expression of activation markers 234 

and blood passage of B-cells. This transformation was associated with increased expansion of 235 

B-cell clones. It seems likely that immune suppression was be associated with a 236 

morphological, immunophenotypic and proliferative shift toward tumor aggressiveness from 237 

preexisting clones. This suggests that induced immunosuppression removed a control exerted 238 

by the immune system on B-cell expansion in L.CD40 mice and reproduce the main features 239 

of indolent B-cell lymphoma transformation. Thus, in the view of therapies allowing immune 240 

restoration, the L.CD40 mouse model opens interesting perspectives not only as preclinical 241 

model of indolent B-cell lymphoma but also as a model of aggressive transformation of a B-242 

cell indolent clone. 243 
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Material and Methods 245 

Mouse models and treatments 246 

L.CD40 mice have been already described (Hömig-Hölzel et al., 2008). Animals were housed 247 

at 21–23°C with a 12-h light/dark cycle. All procedures were conducted under an approved 248 

protocol according to European guidelines for animal experimentation (French national 249 

authorization number: 87- 022 and French ethics committee registration number “CREEAL”: 250 

09-07-2012). For antibody-mediated T-cell depletion, L.CD40 mice were injected 251 

intraperitoneally every 4 days for three weeks with a mix of anti-CD4 (YTS 191.1.2), anti-252 

CD8 (YTS 169.4.2.1), and anti-Thy-1 (YTS 154.7.7.10) antibodies (200 µg each) in In 253 

VivoPure Dilution Buffer, (Bio X cell; US). For CsA treatment, wild type and L.CD40 mice 254 

were injected intraperitoneally daily for three months with placebo (diluent composed of 255 

ethanol and cremophor) or 10 mg/kg CsA (Sandimmun – Novartis; US) diluted in 5% 256 

glucose.  257 

 258 

Flow cytometry 259 

Blood from mice (200 μL) was collected intra-orbitally. Spleen and lymph nodes were also 260 

collected and immune cells were filtered through a sterile nylon membrane. Cell suspensions 261 

were stained at 4°C in FACS Buffer (PBS, 1% FBS, 2 mM EDTA). The following 262 

fluorescent-labelled antibodies were used: anti B220-BV421 (clone RA3-6B2, 1/400), anti 263 

CD80-APC (clone16-10A1, 1/2500), anti CD86-FITC (clone GL-1, 1/600), anti CD3-PE 264 

(clone 17A2, 1/100) from BioLegend (San Diego, CA, USA). Stained cells were analyzed 265 

using a BD-Fortessa SORP flow cytometer (BD Bioscience; US). Results were analyzed 266 

using Kaluza Flow Cytometry software 1.2 (Beckman Coulter; France). 267 

 268 
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Proliferation 269 

For in vivo proliferation, mice were injected intraperitoneally with 2 mg BrdU (Sigma-270 

Aldrich, US), 18 hours before isolating cells. Splenocytes were stained for B220 and phases 271 

of cell cycle were analyzed by measuring BrdU and Propidium Iodide (PI)-incorporation, 272 

using the FITC-BrdU Flow Kit (BD Pharmingen; US).  273 

 274 

Sequencing of VDJ regions 275 

RNA was extracted from total spleen, and one μg was used for sequencing. Immunoglobulin 276 

gene transcripts were amplified by 5’RACE PCR as described (Boice et al., 2016). Illumina 277 

sequencing adapter sequences were added by primer extension, and resulting amplicons were 278 

sequenced on an Illumina MiSeq sequencing system using MiSeq kit Reagent V3 600 cycles. 279 

Repertoire analysis was done using IMGT/HighV-QUEST tool and R software. Briefly, VH, 280 

JH and CDR3 segments were identified using HighV-QUEST. Based on these annotations, 281 

reads were grouped in clonotypes that share the same VH and JH gene and high CDR3 282 

homology. The relative abundance of each clonotype was then calculated. 283 
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 408 

Figure 1. Increased B-cell numbers in immunosuppressed L.CD40 mice. L.CD40 mice 409 

were immunosuppressed through intra-peritoneal injection of anti-T cocktail (L.CD40 T) or 410 

CsA (L.CD40 CsA). CD19_Cre mice were used as control wild type mice. For each 411 

treatment, isotype antibody (for T cell depletion), or placebo (for CsA treatment) were used as 412 

controls (Ctrl). (A) Representative spleen size (left panel), and spleen weight (right panel) of 413 

L.CD40 mice immunosuppressed by T (3 weeks; w) or CsA (3 months; m). (B) Absolute 414 

numbers of spleen cells in L.CD40 mice after depletion of T cells for 3 weeks (w) or after 415 

CsA treatment for 3 months (m). (C) Flow cytometry of B220 spleen B-cell absolute numbers 416 

in immunosuppressed L.CD40 mice. Age of mice at the end of treatment is indicated above 417 

dot plots (m.o.; month old). Statistical significance was determined by Student’s t-test (*** 418 

p<0.001; ** p<0.01; * p<0.05). 419 
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 420 

Figure 2. Frequency of the five most abundant clones for wild type (WT) and L.CD40 421 

mice treated or not with CsA. Legends of clones are ordered by decreasing frequency for 422 

each mouse. The dominant clone is highlited in red 423 
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 432 

Figure 3. Gain of proliferation and activation in spleen B-cells from L.CD40 433 

immunosuppressed mice. (A) Representative overlay graph for the cell surface expression of 434 

marker CD86 on spleen B-lymphocytes (left panel); means and standards deviation of 435 

absolute numbers of B220 spleen B-cells expressing activation markers CD80 and/or CD86 436 

(right panel). (B) Flow cytometry graph of BrdU and DNA content by propidium iodide 437 

staining for Ctrl or CsA L.CD40 (left panel); Means and standards deviation of flow 438 

cytometry percentages of BrdU positive B-cells after in vivo BrdU incorporation (right panel). 439 

Age of mice at the end of treatment is indicated above dot plots (m.o.; month old). Statistical 440 

significance was determined by Student’s t-test (*** p<0.001; ** p<0.01; * p<0.05). 441 
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 442 

Figure 4. B-cell expansion into blood in long term CsA immunosuppressed L.CD40 443 

mice. (A) Number of circulating white blood cells in immunosuppressed (CsA) or untreated 444 

(Ctrl) CD19_Cre and L.CD40 mice. (B) Flow cytometry percentages of circulating 445 

granulocytes (Gr-1 positive cells), B-cells (B220 positive cells) and T-cells (CD3 positive 446 
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cells). Each mouse type and treatment condition is indicated at the top right of the graph. (C) 447 

Flow cytometry estimation of circulating B-cell size from Ctrl and CsA-L.CD40 mice. Left 448 

panel, overlay of FSC monoparametric histograms gated on B220 B-cells. Right panel, means 449 

and standard deviations of FSC for all studied mice. (D) Representative lymphocyte 450 

morphology after May Grünwald Giemsa staining of blood smears from Ctrl and CsA-451 

L.CD40 mice (magnification X 1000). For all experiments, at least 4 mice were studied for 452 

each condition. Statistical significance was determined by Student’s t-test (*** p<0.001; ** 453 

p<0.01; * p<0.05). 454 
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