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Background: Several reports have suggested that glucose transporter 3 (GLUT-3) promotes tumor metastasis. The aim of this study
was to examine the relationship between the expression level of GLUT-3 and the prognosis of patients with diffuse large B cell
lymphoma (DLBCL).

Methods: The GLUT-3 expression levels in 91 DLBCL patients were evaluated by immunohistochemistry. The relationships between
GLUT-3 expression level and clinicopathological characteristics and progression-free survival (PFS) of DLBCL patients were
analyzed. The use of validation cohorts confirmed the predictive value of GLUT-3 expression. The correlation between GLUT-3
and immune cell infiltration was investigated using the Cell-type Identification By Estimating Relative Subsets Of RNA Transcripts
system and the analysis of the infiltrating score was obtained by single sample Gene Set Enrichment Analysis.

Results: Expression of GLUT-3, which is highly expressed in DLBCL patients, was significantly associated with elevated serum LDH
level, recurrence and Ki-67 status. Kaplan—Meier analysis showed that high GLUT-3 expression levels in DLBCL were related to poor
PFS. Univariate and multivariate analyses results showed that low GLUT-3 expression level was significantly but independently
associated with favorable PFS in DLBCL patients. GLUT-3 expression was also correlated with immune cell infiltration and the
analysis of the infiltrating score.

Conclusion: Our results indicate that GLUT-3 may act as a potential independent prognostic factor in DLBCL patients. The
difference of the immune microenvironment in DLBCL patients may be predicted by the expression level of GLUT-3.
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Introduction

Diffuse large B cell lymphoma (DLBCL), the most frequent subtype of lymphoid malignancy, remains a significant
clinical challenge, as approximately 30% of patients are not cured after standard immunochemotherapy.' The therapy-
resistant tumors exhibit both increased invasiveness and increased proliferation.' > Therefore, identifying novel ther-
apeutic targets of DLBCL is urgently required to improve the prognoses of patients with DLBCL.

Metabolic remodeling during tumor progression is a hallmark of tumors. Most tumors exhibit aerobic glycolysis, also
known as the Warburg effect.*”’ Reprogramming of energy metabolism provides energy for tumor growth, invasion,
metastasis and resistance to therapeutics.® The enhanced glycolysis of tumor cells affects the tumor immune micro-
environment and help tumors survive by promoting immunosuppression.'®!! Therefore, interventions targeting energy
metabolism in tumor cells may be an effective strategy to reduce or reverse therapeutic resistance.

The glucose transporter (GLUT) family is a family of key gating proteins that are responsible for the transport of
glucose in and out of cells. GLUTs are responsible for the energy supply of cells and the regulation of glucose levels. In
humans, the GLUT family has 14 members, and they function to transport glucose to different tissues.'? GLUT-1 is
widely expressed in normal tissues and is overexpressed in many tumors.'*> GLUT-3 is expressed in neuronal cells and
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expressed at low levels in other organs under normal conditions.'* Recent studies have showed that GLUT-3 is
overexpressed in many solid tumors, such as non-small cell lung carcinoma, hepatocellular carcinoma, and bladder
cancer, and overexpressed GLUT-3 in tumor cells may be related to the rapid proliferation of cancer cells in hypoxic
conditions.>™'” Since the rate of ATP production by glycolysis under anaerobic conditions is significantly lower than that
of aerobic metabolism, tumor cells need high levels of GLUTs to meet the increased demand for glucose. GLUT-3 is
overexpressed in many tumor cells, suggesting that it may act as a potential marker of tumor cells. However, the
expression and prognostic value of GLUT-3 in DLBCL are largely unknown.

In this study, we evaluated GLUT-3 expression level in DLBCL to assess the relationship of GLUT-3 expression with
the clinicopathological characteristics and clinical prognosis of DLBCL patients. We also explored the relationship
between GLUT-3 expression in DLBCL and immune cells in the tumor microenvironment.

Materials and Methods

Patients

The clinicopathological data of 91 patients who were diagnosed with DLBCL between January 2008 and December 2012
at Harbin Medical University Cancer Hospital were retrospectively reviewed for this study. The inclusion criteria were as
follows: i) CD20 positive DLBCL;'® ii) patients had no kidney, liver, heart or other serious somatic diseases; iii) no
evidence of primary cancer in other organs; and iv) complete clinical data and follow-up information was available.
These patients received standard R-CHOP (rituximab, cyclophosphamide, vincristine, doxorubicin, and prednisone)
treatment for 68 cycles. During follow-ups, appropriate diagnostic examinations were used to confirm disease relapse
in patients. Progression-free survival (PFS) was calculated from the date of diagnosis to the date of disease recurrence,
death or the end of follow-up.

Information on baseline characteristics was collected, including sex, age, presence of B symptoms, Ann Arbor stage,
Eastern Cooperative Oncology Group performance status (ECOG PS), laboratory data (LDH level), number of extra-
nodal sites, bone marrow findings, bulky disease and Ki-67 status. International Prognostic Index (IPI) included age,
ECOG, serum LDH, Ann Arbor stage and extranodal sites.'” The patients were divided into germinal center B cell
(GCB) and non-GCB subtypes according to the Hans criteria. This study was approved by the Institutional Review Board
of Harbin Medical University Cancer Hospital.

Immunohistochemistry

Immunohistochemistry was performed as previously reported.’ Briefly, the tissue was fixed with 37% formaldehyde
solution and then paraffin-embedded to prepare tissue sections, which were approximately 4 pm thick. Staining was
performed using the anti-GLUT-3 polyclonal antibody (1:50 dilution, ab95256, Abcam). GLUT-3 expression was
confirmed by the positive staining of the cell membrane. Tumor cells that showed a strong membrane signal for
GLUT-3 were counted using a microscope in ten low magnification fields, and the result was calculated as
a percentage of the total cell numbers.'® Samples with more than 10% positively stained cells were classified as high
GLUT-3 expression.

Gene Expression Omnibus (GEO) Database Analysis

GEO (http://www.ncbi.nlm.nih.gov/geo/) is an international public repository containing high-throughput microarray and

next-generation sequencing functional genomic data sets.>’ All genes from two independent DLBCL GEO cohorts
[GSE117556, 928 samples; GSE31312, 498 samples] were analyzed.

Estimation of Immune Infiltration

We used gene expression data downloaded from the GEO database to evaluate the difference of immune infiltration level
between the high and low GLUT-3 expression groups. GSE31312 is a human DLBCL expression profile that was
sequenced using the GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 Array); it contains 498 samples of
DLBCL. GSE117556 is another human DLBCL expression profile containing 928 samples sequenced by the GPL14951
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platform (Illumina HumanHT-12 WG-DASL V4.0 R2 expression BeadChip). For the analysis of tumor immune
infiltration, we used two different methods for corroboration: Cell-type Identification By Estimating Relative Subsets
Of RNA Transcripts (CIBERSORT) and Single Sample Gene Set Enrichment Analysis (ssGSEA).

CIBERSORT Database Analysis
CIBERSORT (http://cibersort.stanford.edu) allows for the estimation of the abundance of different types of cells by
analyzing a large amount of transcription data.”’> We used CIBERSORT to gain deeper insights into the tumor

microenvironment of DLBCL. The abundance ratio matrix of 22 immune cell types were obtained from GSE117556
and GSE31312 using R software to obtain patients with different levels of GLUT-3 expression. P < 0.05 was considered
to indicate statistical significance.

ssGSEA Statistical Analyses

The ssGSEA algorithm, which is based on 29 immune gene sets (the infiltrating score of 16 immune cells and the activity
of 13 immune-related pathways), was applied to comprehensively quantify the relative abundance of immune cell types,
pathways, functions, and checkpoints in each patient. The differences between the GLUT-3 low-expression group and
high-expression group patients were analyzed using the GSVA R software package.

Data and statistical analyses were performed using the SPSS platform, version 20.0 (IBM, USA). The relationship of
GLUT-3 expression level with patient and tumor characteristics were analyzed by the Fisher’s exact test or the Chi-
square test. The impact of GLUT-3 expression on PFS was analyzed using the Kaplan—-Meier method. The two-tailed Log
rank test was used to analyze the survival data between different groups. The Cox proportional hazard model was used in
univariate and multivariate analysis to assess the variables in the prognostic factors section to assess their impact on PFS.
P<0.05 was considered to indicate statistical significance.

Results
Clinicopathological Characteristics and Expression of GLUT-3 in Patients with DLBCL

Clinicopathological characteristics were presented in Table 1.There were 56 (61.5%) males and 35 (38.5%) females, with
a mean age of 55 (range from 13 to 86) years. 13 (14.3%) patients had positive B symptoms. The majority of the patients
(60 cases, 67%) had localized disease (Ann Arbor stage [-1I). Based on the ECOG, 84 (92.3%) patients were in group 0—
1. At diagnosis, the median LDH was 246U/L (range from 98-2353.6U/L).

We next performed an immunohistochemical study to investigate GLUT-3 expression on DLBCL tissues, and
representative IHC images are presented in Figure 1. GLUT-3 expression was detected in DLBCL tissues. We
categorized cases based on high and low GLUT-3 expression as described in Methods and examined associations with
clinicopathological characteristics. High GLUT-3 expression in DLBCL was significantly and positively associated with
elevated LDH level (P=0.047), recurrence (P=0.030) and Ki-67 status (P=0.009).

Survival of Patients with DLBCL with High and Low GLUT-3 Expression

During the follow-up, 43 patients (47.3%) showed no evidence of any disease progression, while 48 patients (52.7%)
showed progressive disease or death. We evaluated GLUT-3 expression level and PFS using Kaplan—Meier survival
analysis. The result showed that patients infused with a low expression of GLUT-3 showed a longer PFS compared with
that of patients infused with a high expression of GLUT-3 (P=0.035) (Figure 2).

Predictors for PFS in DLBCL Patients

We evaluated the relationship of clinicopathologic factors and PFS using univariable analysis. The results showed that
GLUT-3 expression (Hazard Ratio [HR]: 2.074, 95% Confidence Interval [CI]=1.033-4.167, P=0.040) and IPI
(HR:1.845, 95% CI=1.108-3.073, P=0.019) significantly indicated the prognosis of patients by predicting PFS
(Table 2). Multivariate analysis identified GLUT-3 expression (HR: 2.255, 95% CI=1.083-4.693, P=0.030) as an
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Table | Characteristics of Diffuse Large B-Cell Lymphoma According to GLUT-3 Expression
Characteristic N (%) n=91 GLUT3 P-value
High (=10%) Low (<10%)
Sex 0.078
Male 56 (61.5) 35 (55.6) 21 (75)
Female 35 (38.5) 28 (44.4) 7 (25)
Age
<60 years 53 (58.2) 37 (58.7) 16 (57.1) 0.887
>60 years 38 (41.8) 26 (41.3) 12 (42.9)
Presence of B symptoms 0.052
No 78 (85.7) 57 (90.5) 21 (75)
Yes 13 (14.3) 6 (9.5) 7 (25)
Ann Arbor stage 0911
I 61 (67) 42 (66.7) 19 (67.9)
v 30 (33) 21 (333) 9 (32.1)
Performance status 0.896
ECOG 0-1 84 (92.3) 58 (92.1) 26 (92.9)
ECOG 22 7(7.7) 5(7.9) 2(7.0)
LDH level 0.047
<246 U/L 28 (31) 12 (23) 16 (42)
2246 U/L 63 (69) 41 (77) 22 (58)
Number of extranodal sites 0.685
0-1 85 (93.4) 58 (92.1) 27 (96.4)
2-3 5 (5.5) 4 (6.3) I (3.6)
4-5 I (1.1) 1 (1.6) 0 (0)
Bone marrow involvement 0325
Absence 84 (92.3) 57 (90.5) 27 (96.4)
Presence 7(7.7) 6 (9.5) | (3.6)
Bulky disease 043]
No 70 (76.9) 47 (74.6) 23 (82.1)
Yes 21 (23.1) 16 (25.4) 5(17.9)
Subtype 0.970
GCB 29 (31.9) 20 (31.7) 9 (32.1)
Non-GCB 62 (68.1) 43 (67.9) 19 (67.9)
IPI
(Continued)
184 https: OncoTargets and Therapy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

Table | (Continued).

Characteristic N (%) n=91 GLUT3 P-value
High (=10%) Low (<10%) 0.526

01 72 (79.1) 48 (76.2) 24 (85.7)

2-3 18 (19.8) 14 (22.2) 4 (14.3)

4-5 1 (1.1) I (1.6) 0 (0)

Recurrence 0.030

Yes 48 (52.7) 38 (60.3) 10 (35.7)

No 43 (47.3) 25 (39.7) 18 (64.3)

Ki-67 0.009

<80% 43 (47.3) 24 (38.1) 19 (67.9)

280% 48 (52.7) 39 (61.9) 9 (32.1)

Abbreviations: GLUT-3, glucose transporter 3; GCB, germinal center B cell; IPl, International Prognostic Index.

independent prognostic factor (Table 2). In univariate or multivariate analysis, there was no significant correlation with
PFS and Ki-67, sex, age, Ann Arbor stage and number of extranodal sites.

GLUT-3 is Correlated with Immune Cell Infiltration in DLBCL

We further compared the infiltration levels of immune cells between low and high GLUT-3 expression groups using
CIBERSORT and ssGSEA. The infiltration levels of CD4 memory activated T cells, gamma delta (yd) T cells and neutrophils
in the group with high GLUT-3 expression were higher compared with those observed in the group with low GLUT-3
expression after statistical analysis of CIBERSORT results (Figure 3A-D). Statistical analysis of ssGSEA results also showed
that the infiltration level of macrophages, neutrophils, T helper cells, tumor infiltrating lymphocytes (TILs), and regulatory
T cells (Tregs) were significantly higher in the GLUT-3 high-expression group, while the GLUT-3 high-expression group was
significantly enriched in most immune functions (except APC co-stimulation and HLA) (Figure 3B, C, E and F).

Discussion
The two most important factors in treatment strategies selecting and DLBCL prognosis predicting are clinical features
and molecular pathology.> However, more acceptable markers should be explored according to standard criteria. Our

R

Figure | Representative immunohistochemistry images of GLUT-3 expression in diffuse large B-cell lymphoma tissues (x100, x400). ((A) Diffuse large B-cell lymphoma
tissues with high GLUT-3 expression); (B) Diffuse large B-cell lymphoma tissues with low GLUT-3 expression.
Abbreviation: GLUT-3, glucose transporter 3.
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Figure 2 Kaplan-meier curves for PFS according to expression of GLUT-3 in patients with diffuse large B-cell lymphoma.
Abbreviations: GLUT-3, glucose transporter 3; PFS, progression-free survival.

study showed that the increased GLUT-3 expression level was associated with the decreased PFS in DLBCL patients
treated with standard R-CHOP chemotherapy. GLUT-3 expression level was also associated with elevated serum LDH
level, recurrence and Ki-67 status. Taken together, these results demonstrated that GLUT-3 overexpression may be
a biomarker to predict the PFS of DLBCL patients.

GLUTs are a family of transporters that mediate the transport of biological macromolecules such as monosaccharides,
polyols, and other small carbon compounds across eukaryotic cell membranes.”* GLUT-3 belongs to the type I GLUT
family; GLUT-3 was first discovered in fetal skeletal muscle cells and later found to be dominant in nerves and brain.
Although GLUT-3 expression is tissue-specific, high expression of GLUT-3 has been observed in various tumors
including gastric cancer, colon cancer, and brain tumors.”>2® Previous studies have reported that GLUT-3 is up-
regulated in tumor cells inhibited by bevacizumab and has been implicated in antiangiogenic resistance therapy and
tumor stem cell phenotypes.”’”*® GLUT-3 has highly active glucose transporter capacity. Compared with other class
I GLUT family members, GLUT-3 has a higher affinity and higher transport capacity for glucose, and it has a five-fold
higher affinity than the widely expressed GLUT-1.%

In recent years, GLUT-3 has been reported as a potential target for antitumor drug therapy.*** To our knowledge, the
present study was the first to analyze GLUT-3 expression and its association with the prognosis of DLBCL patients.

Table 2 Univariate and Multivariate Analyses of Clinicopathologic Characteristics for DFS in Diffuse Large B-Cell Lymphoma

Univariate Analysis Multivariate Analysis
Variable HR (95% CI) P-value HR(95% CI) P-value
GLUT-3 2.074 (1.033-4.167) 0.040 2.255(1.083—4.693) 0.030
IPI 1.845 (1.108-3.073) 0.019 1.208 (0.463-3.151) 0.700
Ki-67 1.171 (0.663-2.067) 0.587 0.922 (0.499-1.705) 0.795
Sex 1.169 (0.647-2.112) 0.605 1.377 (0.740-2.562) 0.312
Age 1.418 (0.804-2.499) 0.227 1.811 (0.918-3.574) 0.087
Ann Arbor stage 1.674 (0.942-2.977) 0.079 1.691 (0.744-3.841) 0.210
Number of extranodal sites 1.461 (0.719-2.970) 0.294 1.046 (0.366-2.988) 0.934

Abbreviations: GLUT-3, glucose transporter 3; IPl, international prognostic index.
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Figure 3 Boxplots and violin plots showing the infiltration levels of immune cell types in low-and high GLUT-3 expression groups. ((A) Infiltration levels of immune cell types
by CIBERSORT in GSE31312; (B) Infiltration levels of immune cell types by ssGSEA in GSE31312; (C) Immunecell functions by ssGSEA in GSE31312; (D) Infiltration levels of
immune cell types by CIBERSORT in GSEI 17556; (E) Infiltration levels of immune cell types by ssGSEA in GSEI17556; (F) Immunecell functions by ssGSEA in GSEI [7556).
*p < 0.05, #¥p < 0.01, *¥**p < 0.001.

Abbreviations: GLUT-3, glucose transporter 3; ns, no statistically significant.

Malignant cells grow faster and require more oxygen and glucose than normal cells. Although mitochondrial oxidative
phosphorylation is a more efficient process of ATP anabolism than glycolysis, tumor cells still rely on glycolysis as the
primary metabolic mode, even in the presence of sufficient oxygen; this phenomenon is called the Warburg effect.>* ¢ In
our study, we found that the expression of GLUT-3 was associated with Ki-67 status and the level of LDH. Although
glycolysis produces less ATP, a large number of intermediate metabolites can be used to build macromolecular structures,
including lipids, proteins, RNA, and NADP.*’? As the tumor grows, cells may be exposed to hypoxia, leading to the
production of hypoxia-inducible factor 1 (HIF-1) transcription factors, which increase the transcription of glucose
transporters***! The decreased efficiency of ATP production in tumor cells and the high energy requirements of tumor
cells can stimulate the increase of glucose uptake in malignant tumor cells. In addition, GLUT-3 overexpression is
involved in increasing glucose transport to tumor cells to meet their high metabolism and rapid growth needs.

GLUT-3 is involved in multiple pathways, including cAMP, NF-kB, and p53 signaling pathways.**** In a recent
study by Zhuang et al, GLUT-3 siRNA combined with vincristine (VCR) was shown to inhibit cell proliferation and
promote cell apoptosis. The authors showed that GLUT-3 depletion downregulated BCR-ABL fusion gene expression,
leading to increased caspase-3 and PTEN expression, which decreased intracellular VCR efflux, and thus enhanced the
sensitivity of leukemia cells to VCR.*®

Recent breakthroughs in immunotherapy have established novel strategies for the effective treatment of tumors. The
discovery of reliable and powerful biomarkers, in addition to the pathological and clinical indexes already in use, is
required to improve the individualized treatment of patients. Our results also demonstrated that there were more CD8
T cells, CD4 memory-activated T cells, yd T cells and macrophages in the high GLUT-3 expression group. GLUT-3
expression level was correlated with these immune markers. ssGSEA analysis also found the similar results: in the
enrichment analysis of 13 immune functions and pathways, there was significant difference between the high- and low-
expression groups of GLUT-3 (p <0.001), indicating an effect of GLUT-3 on immune function and pathways. In the

OncoTargets and Therapy 2022:15 htps: 187

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xu et al Dove

analysis of immune infiltration in high- and low-expression groups, both CIBERSORT and ssGSEA results suggested
that GLUT-3 expression is related to the expression of different immune cells (CD4 memory-activated T cells, yd T cells,
neutrophils, Tregs) in the tumor microenvironment. This genetic signature can predict the prognosis of DLBCL patients
and provide some reference for immunotherapy.

Although the normal function of neutrophils is to kill microorganisms, increasing evidence has proven the key roles
of tumor-associated neutrophils in tumor immune surveillance, metastasis and proliferation. In addition, some studies
have shown that tumor-associated neutrophils can promote the survival of DLBCL cells and that neutrophils are also
associated with poor prognosis of DLBCL.*” Fleming et al found that y5 T cells promote tumor progression by inducing
an immunosuppressive tumor microenvironment and angiogenesis by IL-17. In addition, yd T cells also can inhibit
rejection of the tumor by mimicry of Tregs and Th-2 cell-like activity, restrain antitumor adaptive T cell immunity via the
programmed death-1/programmed death ligand-1 pathway and use senescence as a mechanism to control antitumor
immune responses in the tumor microenvironment.*® Zhong et al demonstrated that high abundance of TFT (Tim-3
+Foxp3+Treg) cells in the tumor microenvironment is predictive of poor outcomes of DLBCL. TFT cells promote
DLBCL development partly by secreting IL-10 in the tumor microenvironment. Anti-Tim-3 antibodies, which block IL-
10 secretion, may represent an effective therapeutic agent for DLBCL.*

Cham and Gajewski recently reported that activated T cells require higher energy for proliferation and cytokine
production. This process relies on glycolysis and therefore produces lactic acid; the glycolysis rate is increased only by
continuously removing lactic acid in T cells. Since lactate anions cannot pass through the plasma membrane and diffuse
freely, cells need a specific transport system, the monocarboxylic acid transporter (MCT), to excrete lactic acid. MCT-
mediated lactic acid excretion depends on the concentration gradient of lactic acid inside and outside the cell.
Accumulation of lactic acid results in the obstruction of lactic acid excretion in T cells, which inhibits the secretion
of IL-2 and IFN-y by T cells.®® Tumor cells highly express GLUT-3, enhance glycolysis, and cause lactic acid
accumulation in the surrounding environment, which affects the antitumor effect of T cells. However, the mechanism
of GLUT-3 overexpression in DLBCL and its relationship with the microenvironment is not clear. In the future, we will
further study its potential mechanism and focus on evaluating the feasibility of GLUT-3 as a potential therapeutic target
for DLBCL.

This study has several limitations. First, due to the retrospective nature of the study, there are inherent biases. Second,
the study involved a relatively small number of patients, and the results should be confirmed in a larger cohort of patients.
Third, the molecular mechanism of GLUT-3 overexpression in DLBCL tissue immune microenvironment is still unclear

and needs further research.

Conclusions

This study demonstrated a correlation between GLUT-3 expression levels and clinical outcomes in DLBCL patients. The
increased expression of GLUT-3 in DLBCL patients is associated with poor prognosis, which suggested that GLUT-3
may act as a potential prognostic factor for DLBCL. GLUT-3 expression in DLBCL may be related to the immunosup-
pressive microenvironment in tumors. These findings laid a foundation for GLUT-3 as a potential therapeutic target for
DLBCL, and it may lead to the development of new therapeutic strategies.

Abbreviations

DLBCL, diffuse large B cell lymphoma; GLUT-3, glucose transporter 3; CIBERSORT, Cell-type Identification By
Estimating Relative Subsets Of RNA Transcripts; ssGSEA, single sample Gene Set Enrichment Analysis; GLUT, glucose
transporter; PFS, progression-free survival; IPI, International Prognostic Index; Tyd cells, T gamma delta cells; TIL,
tumor infiltrating lymphocytes; Tregs, regulatory T cells; R-CHOP, rituximab, cyclophosphamide, vincristine, doxorubi-
cin, and prednisone; HIF-1, hypoxia-inducible factor 1; MCT, monocarboxylic acid transporter; VCR, vincristine; ECOG
PS, Eastern Cooperative Oncology Group performance status; GCB, germinal center B cell.
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