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Abstract: Objective: To investigate the relationship between the gut microbiota and the biological characteristics
of patients with newly diagnosed diffuse large B-cell ymphoma (DLBCL). Methods: This prospective study included
71 patients with newly diagnosed DLBCL. The microbiota was analyzed using 16S ribosomal DNA sequencing of
fecal samples. Blood cytokines, PD-1, and PD-L1 were measured by enzyme-linked immunosorbent assay. Stratified
analyses based on clinical characteristics were conducted to investigate correlations between alterations in gut mi-
crobiota and key clinicopathological parameters of DLBCL. Results: In the analysis of gut microbiota heterogeneity
(o diversity index), species abundance was significantly higher in the International Prognostic Index (IPl) < 3 group
compared to the IPl > 3 group (high-risk group). Ruminococcus was increased in the IPl > 3 group. Parabacteroides,
Ruminococcus, and Eubacterium were increased in the non-germinal center B-cell-like group, while Lachnospira was
decreased. Megamonas was significantly increased in the high 2-microglobulin group, while Lactobacillus reuteri
and Lachnospira were decreased. In the low CD4+/CD8+ ratio group, Parabacteroides was increased, while Ak-
kermansia was decreased. Patients who failed to achieve complete remission at interim evaluation showed marked
increases in Ruminococcus and Alistipes. Extranodal involvement was associated with elevated Alistipes and En-
terococcus. Conclusions: This study identified a potential relationship between the gut microbiota and DLBCL char-
acteristics, highlighting specific gut microbiota organisms that may influence disease development and progression.

Keywords: Gut microbiota, diffuse large B-cell ymphoma, 16S ribosomal DNA, Parabacteroides, Akkermansia,
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Introduction ment, resulting in poor prognosis [5]. Therefore,
there is an urgent need to explore the patho-
genesis of DLBCL to identify new treatment

strategies and improve patient outcomes.

Diffuse large B-cell lymphoma (DLBCL) is a
highly aggressive and heterogeneous type of
non-Hodgkin lymphoma [1]. Previous studies

have suggested that the prognosis of DLBCL
patients is influenced by factors such as cellu-
lar origin, clinical course, and molecular char-
acteristics [2]. While various treatments are
available for DLBCL, including chemotherapy,
radiotherapy, immunochemotherapy, targeted
therapy, and cell therapy, patient outcomes
vary greatly due to individual immune differ-
ences [3, 4]. One study indicated that 30%-
40% of patients develop refractory and recur-
rent disease after standardized first-line treat-

The human body is home to tens of thousands
of microorganisms, distributed across regions
such as the oral mucosa, skin, gastrointestinal
tract, and conjunctiva. The majority of these
symbiotic microorganisms reside in the colon,
where they engage in a balanced interaction
with the immune system [6]. Additionally, the
gut-brain axis, consisting of the enteric nervous
system, hypothalamus-pituitary-adrenal axis,
autonomic nervous system, and central ner-
vous system, has garnered increasing atten-
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tion. One study suggested that the communica-
tion between the gut and brain, mediated by
the composition and diversity of the gut micro-
biota, significantly influences host health [7].

Several studies have shown that the gut micro-
biota may be closely linked to the pathogenesis
of various diseases, including inflammatory,
autoimmune, metabolic, neoplastic, and neuro-
degenerative conditions [8-11]. However, rese-
arch on the role of the gut microbiota in tumor
immunity has primarily focused on gastrointes-
tinal solid tumors, with limited exploration of
lymphoma, a cancer type particularly sensitive
to immune responses. Recently, Lu et al. have
reported that lipopolysaccharides from the
inherent microbiota of lymphoma patients syn-
ergized with tumor necrosis factor (TNF) signal-
ing, enhancing nuclear factor-kB signaling via
MyD88-dependent Toll-like receptor 4 (TLR4)
signaling, thereby increasing intestinal B-cell
survival and proliferation [12]. This finding may
provide a fundamental basis for exploring the
role of the gut microbiota in the pathogenesis
of lymphoma.

This study aims to explore the relationship
between the gut microbiota and antitumor
immunity in untreated DLBCL patients using
16S metagenomic ribosomal DNA sequencing.
The findings may provide insights into the
pathogenesis of DLBCL and lay the groundwork
for future interventional studies and treatment
strategies.

Materials and methods
Case collection

With approval from the Ethics Committee of the
Fourth Hospital of Hebei Medical University, 71
patients with newly diagnosed DLBCL, who
were admitted to the Hematology Department
from January 2021 to October 2021, were ret-
rospectively enrolled. All patients provided writ-
ten informed consent. The inclusion criteria
were (a) patients with DLBCL confirmed by biop-
sy, (b) patients not treated for antitumor thera-
py before the diagnosis of DLBCL, (c) patients
who received six to eight cycles of R-CHOP or
similar treatments, and (d) patients with com-
plete clinical data. A total of 250 patients were
eligible for inclusion in the study. The exclusion
criteria were (a) patients with no or incomplete
histopathological data, (b) patients treated for
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lymphoma before the diagnosis of DLBCL, and
(c) patients with other malignant tumors. Two
patients had missing clinical data and were
excluded, resulting in 69 patients who met the
inclusion criteria for analysis. Tissue samples
were obtained from all patients via biopsy or
puncture of the lesion site and examined at
the pathology department. DLBCL diagnosis
and classification followed the World Health
Organization’'s 2022 classification of hemato-
poietic and lymphoid neoplasms [13]. The sam-
ples were analyzed by at least two qualified
pathologists for confirmation of the diagnosis.

Methods

Clinical data collection: DLBCL was classified
into germinal center B-cell-like (GCB) and non-
GCB subtypes based on immunohistochemis-
try using the Hans algorithm. DLBCL was staged
according to the Ann Arbor staging system. The
patient’s physical condition and tumor burden
were evaluated using the Eastern Cooperative
Oncology Group and International Prognostic
Index (IPI) scores. Double-expressor lymphoma
(DEL) was identified by co-expression of Myc (=
40%) and Bcl-2 (> 50%) on immunohistochem-
istry, without concurrent Myc and Bcl-2 rear-
rangements [13]. Based on protein expression
of Bcl-2 and c¢c-Myc from immunohistochemis-
try, combined with fluorescence in situ hybrid-
ization, patients were categorized into DEL and
non-DEL groups. All patients received standard
first-line treatment with the RCHOP regimen
(rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone). After four cycles
of RCHOP therapy, treatment efficacy was
assessed according to the Lugano lymphoma
response criteria through imaging. If the crite-
ria were met, the response was classified as
complete response (CR); otherwise, it was cat-
egorized as non-CR.

Serum cytokines, PD-1, and PD-L1 measure-
ments: Peripheral venous blood samples (4-5
mL) were collected in the morning after fasting
for 8-10 hours into tubes containing sodium
citrate as an anticoagulant. Serum levels of
interleukin-2, interleukin-6, interleukin-10, TNF-
o, and interferon-y were measured by enzyme-
linked immunosorbent assay (ELISA). PD-1 and
PD-L1 were measured using the Human PD-1
ELISA Kit (Proteintech, USA) according to the
manufacturer’s instructions.
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Fecal sample collection and DNA extraction:
None of the patients had food preferences,
food allergies, or had taken probiotics, antibiot-
ics, or lipid-lowering drugs in the past 2 months.
Fresh fecal samples were collected from all
patients before their first treatment, 1-2 days
prior to receiving the standard RCHOP regimen.
Samples were placed in sterile specimen bot-
tles, stored in a dedicated sample box, and
kept at -20°C. Within 2 hours, samples were
transferred to a freezer and stored at -80°C for
cryopreservation. DNA was extracted from the
fecal samples using a standard kit [14]. DNA
quality was verified with a NanoDrop micro-
spectrophotometer and agarose gel electro-
phoresis, and samples were stored at -80°C for
further analysis.

16S ribosomal DNA sequencing: Genomic DNA
was extracted, and the V3 + V4 region of the
16S ribosomal DNA was amplified using spe-
cific barcoded primers. Purified amplification
products were ligated with sequencing adapt-
ers to construct a sequencing library, which
was sequenced on the lllumina platform (lllu-
mina Inc., USA). After obtaining raw sequencing
data, FASTP software was used to filter low-
quality data. FLASH (Fast Length Adjustment of
SHort reads) software was used to merge
paired-end reads into tags, followed by further
filtering. Data obtained from TagCleaner were
clustered using USEARCH software to eliminate
detected chimeric tags, resulting in effective
tags. The operational taxonomic unit (OTU)
sequences were clustered based on 100% sim-
ilarity, and OTU abundance statistics were cal-
culated based on effective tags to facilitate
subsequent analysis.

Statistical analysis: The Greengenes database
(https://www.arb-silva.de/) was used as the
species database [15]. o and 3 diversity analy-
ses were employed to examine the diversity
and homogeneity of the gut microbiota compo-
sition in DLBCL patients. The Wilcoxon rank -
sum test (Q1, Q3) was used to detect the
degree of differences between groups. When
statistical significance was found, the Adonis
test and Anosim test were employed. The upper
limit of the maximum observed value (Q3 + IQR)
and the lower limit of the minimum observed
value (Q3 - IQR) were set. Statistical analyses of
the gut microbial community structure of DLBCL
patients with different biological characteris-
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tics were conducted at different taxonomic
levels (phylum, class, order, family, genus, and
species) of the gut microbiota to identify the
differences in dominant microbial communities
among different groups. A p-value of < 0.05
was considered statistically significant.

Results
Clinical features

The cohort had a median age of 64 years
(range: 27-85), with a male predominance
(52.17%). Advanced disease (Ann Arbor stage
Ill/1V) accounted for 66.67% of the cases, and
24.64% of the patients presented with B symp-
toms (e.g., fever, night sweats, and weight loss).
Immunohistochemical subtyping showed a pre-
dominance of non-germinal center B-cell-like
(non-GCB) origin, accounting for 62.32% of the
cases. Atinterim evaluation, 44.93% of patients
failed to achieve complete remission (CR), with
26% progressing to relapsed/refractory DLBCL.
The baseline clinical characteristics of the 69
patients are summarized in Table 1.

Comparison of species differences

Ann Arbor staging: Patients with DLBCL were
divided into two groups: Ann Arbor stage I-ll
(AA1; n = 23) and Ann Arbor stage Ill-IV (AA2;
n = 46). There were no significant differences
in the o and B diversity indices between the
two groups (both P > 0.05). Principal coordinate
analysis (PCoA) based on Bray-Curtis dissimi-
larity at the family taxonomic level revealed dis-
tinct clustering patterns between the groups.
However, subsequent permutational multivari-
ate analysis of variance (Adonis test) and analy-
sis of similarities showed no significant differ-
ences in gut microbiota composition (R? < 0.05,
P > 0.05) (Figure 1).

IPI: The patients were grouped based on the IPI
into the IPI-1 group (IPI < 3 points; n = 34) and
the IPI-2 group (IPI = 3 points; n = 35). The spe-
cies abundance in the IPI-1 group was signifi-
cantly higher than in the IPI-2 group (P < 0.05),
but there was no significant difference in spe-
cies evenness between the groups (Figure 2A).
B diversity analysis demonstrated significant
differences in the microbial community bet-
ween the two groups. PCoA based on Bray-
Curtis dissimilarity at the OTU level revealed
distinct clustering patterns (Figure 2B), and the
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Table 1. Baseline clinical characteristics of the enrolled patients

Clinical characteristics

Cases (n = 69)

Age (years)
<60
>60
Sex
Male
Female
Pathological subtype
Non-GCB
GCB
DEL
Non-DELs
DELs
Clinical stage
Stage Il
Stage IlI-IV
B-symptom
Group A
Group B
LDH (u/L)
> 250
<250
IPI score
< 3 points
> 3 points
Extranodal organ involvement
0
1
>2
Efficacy assessment after four courses of treatment
CR
NCR
Kie7
>70%
<70%
B2-MG (ug/mL)
>2.7
<27

29 (42.03%)
40 (57.97%)

36 (52.17%)
33 (47.83%)

43 (62.32%)
26 (37.68%)

34 (49.28%)
35 (50.72%)

23 (33.33%)
46 (66.67%)

52 (75.36%)
17 (24.64%)

42 (60.87%)
27 (39.13%)

34 (49.28%)
35 (50.72%)

16 (23.19%)
36 (52.17%)
17 (24.64%)

38 (55.07%)
31 (44.93%)

38 (55.07%)
31 (44.93%)

36 (52.17%)
33 (47.83%)

B2-MG, B2-microglobulin; CR, complete response; DEL, double-expressor
lymphoma; GCB, germinal center B-cell-like; IPI, International Prognostic Index;

LDH, lactate dehydrogenase.

Adonis test confirmed statistically significant
dissimilarities (R? = 0.062, P = 0.0432) (Figure
2C). Genus-level receiver operating character-
istic (ROC) curve analysis confirmed the dis-
criminative power of key taxa, with area under
the ROC curve (AUC) values exceeding 0.70
(Figure 2D). Differential abundance analysis
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identified an elevated abun-
dance of Ruminococcus gnavus
(P = 0.04) in the IPI-2 subgroup
compared to the IPI-1 group
(Figure 2E-G).

Hans algorithm: Patients were
classified into GCB (n = 26) and
non-GCB (n = 43) groups based
on immunohistochemical sub-
typing. No significant differenc-
es in o diversity were found
between the two groups (P >
0.05) (Supplementary Figure 1).
Significant differences in micro-
bial composition were observed
between the groups based on
B diversity indices. PCOA revea-
led distinct clustering patterns
(Figure 3A), and the Adonis test
confirmed statistically signifi-
cant dissimilarities (R? = 0.071,
P = 0.032) (Figure 3B). Genus-
level ROC curve analysis further
validated the discriminative po-
wer of key taxa, with AUC va-
lues exceeding 0.70 (Figure 3C).
Comparison of species compo-
sition showed that Eubacterium
(P = 0.03), Ruminococcus (P <
0.01), and Parabacteroides (P <
0.01) were elevated in the non-
GCB group compared with the
GCB group (Figure 3D-F).

CD4+/CD8+ ratio: Patients were
divided into the high CD4+/
CD8+ ratio (HCDR) group (CD4+/
CD8+ ratio > 2; n = 34) and low
CD4+/CD8+ ratio (LCDR) group
(CD4+/CD8+ ratio < 2; n = 35).
There were no significant differ-
ences in o diversity between the
two groups (P > 0.05) (Supple-
mentary Figure 2). However, in
the [ diversity index, PCoA
based on Bray-Curtis dissimilar-

ity revealed distinct clustering patterns (Figure
4A), and the Adonis test confirmed statistically
significant differences (R? = 0.084, P = 0.0375)
(Figure 4B). Genus-level ROC curve analysis
confirmed the discriminative power of key taxa,
with AUC values exceeding 0.70 (Figure 4C).
Comparison of species composition revealed
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Figure 1. Analysis of the species of gut microbiota and comparison of B-diversity index between the two groups of
patients (AA1 and AA2). A. The PCoA diagrams of B-diversity at the family level for the two groups of patients. B.
The results of the permutational multivariate analysis of variance (Adonis test) and analysis of similarities test. C.
The heatmap of the species composition analysis for the two groups of patients. D. The bar plots of the species
composition analysis for the two groups of patients. PCoA, principal coordinate analysis; AA1, Ann Arbor stage I-l;

AA2, Ann Arbor stage IlI-IV.

that Akkermansia (P = 0.01) was more abun-
dant in the HCDR group, while Parabacteroides
distasonis (P = 0.03) was more abundant in the
LCDR group (Figure 4D-F).

B2-microglobulin: Patients were categorized
into the high 32-microglobulin group (= 2.7 ug/
mL; n = 36) and low B2-microglobulin group (<
2.7 yg/mL; n = 33). There were no significant
differences in o diversity between the two
groups (P > 0.05) (Supplementary Figure 3).
However, in the 3 diversity index, PCoA revealed
distinct clustering patterns (Figure 5A), and the
Adonis test confirmed significant differences
(R?=0.067, P =0.041) (Figure 5B). Genus-level
ROC curve analysis confirmed the discrimina-
tive power of key taxa, with AUC values exceed-
ing 0.70 (Figure 5C). Comparison of species
composition revealed that g_megamonas (P =
0.03) was more abundant in the high 32-micro-
globulin group, while g_roseburia (P = 0.04)
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and g_lachnospira (P = 0.02) were lower in this
group compared to the low B2-microglobulin
group (Figure 5D-F).

Extranodal organ involvement: Patients were
divided into two groups: no extranodal involve-
ment (OL1; n = 28) and extranodal involvement
(OL2; n = 41). The Shannon index for a diversity
was higher in the OL2 group compared to the
OL1 group (Figure 6A). No significant differenc-
es were observed in Chaol and Sob abundance
curves between the groups. However, the
Pielou index showed that the OL2 group was
more homogeneous than the OL1 group. B
diversity analysis revealed significant differenc-
es between the groups, with distinct clustering
patterns observed in PCoA (Figure 6B). The
Adonis test confirmed statistically significant
differences (R? = 0.063, P = 0.032) (Figure 6C).
Genus-level ROC curve analysis validated the
discriminative power of key taxa, with AUC val-
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Figure 2. Analysis of the species of gut microbiota and comparison of a diversity index and B-diversity index between
the two groups of patients (IPI-1 and IPI-2). A. o diversity index of species abundance in the IPI-1 and IPI-2 groups
compared using the Wilcoxon test (P < 0.05). B. The PCoA diagram of 3 diversity in the IPI-1 and IPI-2 groups. C. The
results of the Adonis test in the IPI-1 and IPI-2 groups. D. Genus-level ROC curve analysis. E. The heatmap of the
species composition analysis for the two groups of patients. F. The bar plots of the species composition analysis for
the two groups of patients. G. Differences at the genus level between the two groups of patients (IPI-1 & IPI-2). IPI,
International Prognostic Index; PCoA, principal coordinate analysis; ROC, receiver operating characteristic.
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Figure 3. Analysis of the species of gut microbiota and comparison of B-diversity index between the two groups of
patients (GCB and non-GCB). A. The PCoA diagrams of B diversity between the GCB and non-GCB groups. B. The re-
sults of the Adonis test and analysis of similarities test in B-diversity index. C. Genus-level ROC curve analysis. D. The
heatmap of the species composition analysis for the two groups of patients. E. The bar plots of the species composi-
tion analysis for the two groups of patients. F. The differences at the genus level between the two groups of patients.
GCB, germinal center B-cell-like; PCoA, principal coordinate analysis; ROC, receiver operating characteristic.

ues exceeding 0.70 (Figure 6D). Comparison of
species composition revealed that Coprococcus
(P = 0.04) and Alistipes indistinctus (P = 0.04)
were more abundant in the OL2 group (Figure
6E-G). PD-1 levels were significantly lower in
the OL2 group compared with the OL1 group
(P < 0.05) (Table 2).

CR at the mid-term effectiveness evaluation:
Patients were divided into two groups: S1
(patients with CR after four courses of RCHOP
therapy, n = 38) and S2 (patients who failed to
achieve CR after four courses, n = 31). No sig-
nificant differences in a diversity were observed
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between the groups (P > 0.05) (Supplementary
Figure 4). However, in the B diversity index,
PCoA revealed distinct clustering patterns
(Figure 7A), and the Adonis test confirmed sig-
nificant differences (R? = 0.063, P = 0.032)
(Figure 7B). Genus-level ROC curve analysis
confirmed the discriminative power of key taxa,
with AUC values exceeding 0.70 (Figure 7C).
Comparison of species composition revealed
that p_firmicutese (P < 0.01), g_ruminococca-
ceae_002 (P=0.02), g_ruminococcaceae_005
(P = 0.03), and s_alistipes_indistinctus (P <
0.01) were more abundant in the S2 group
(Figure 7D-F). Serum cytokine levels, including

Am J Cancer Res 2025;15(5):2285-2300
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Figure 4. Analysis of the species of gut microbiota and comparison of B-diversity index between the two groups of
patients (HCDR and LCDR). A. The PCoA diagrams of (3 diversity between the two groups. B. The results of the Adonis
test and analysis of similarities test in B-diversity index. C. Genus-level ROC curve analysis. D. The heatmap of the
species composition analysis for the two groups of patients. E. The bar plots of the species composition analysis
for the two groups of patients. F. The differences at the genus level between the two groups of patients. HCDR,
high CD4+/CD8+ ratio; LCDR, low CD4+/CD8+ ratio; PCoA, principal coordinate analysis; ROC, receiver operating

characteristic.

interleukin-2 and interleukin-6, were signifi-
cantly higher in the S1 group than in the S2
group (both P < 0.05) (Table 3).

Discussion

In recent years, research on the relationship
between the gut microbiota and the develop-
ment of lymphoma has attracted substantial
attention. In this study, 16S rDNA gene
sequencing of fecal samples was employed to
investigate whether there are differences in the
gut microbiota among DLBCL patients with
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diverse biological characteristics. The study
found that differences in the gut microbiota
exist among DLBCL patients with various bio-
logical features, which have been shown to be
associated with prognosis. Therefore, altera-
tions in the gut microbiota may be linked to the
occurrence and progression of DLBCL.

To date, studies on intestinal dysbiosis in lym-
phoma patients have primarily focused on the
diversity and structural changes in the gut
microbiota in the context of autologous or allo-
geneic transplantation [16, 17]. However, there
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Figure 5. Analysis of the species of gut microbiota and comparison of B-diversity index between the two groups of
patients (HB2MG and LB2MG). A. The PCoA diagrams of (3 diversity between the two groups. B. The results of the
Adonis test and analysis of similarities test in B-diversity index. C. Genus-level ROC curve analysis. D. The heatmap
of the species composition analysis for the two groups of patients. E. The bar plots of the species composition
analysis for the two groups of patients. F. The differences at the genus level between the two groups of patients.
HB2MG, high B2-microglobulin; LB2MG, low B2-microglobulin; PCoA, principal coordinate analysis; ROC, receiver

operating characteristic.

are few studies directly examining lymphoma
patients. For example, Diefenbach et al. [18]
found no significant difference in the a-diver-
sity index between lymphoma patients and
healthy controls, but significant differences
were observed in the B-diversity index. Similarly,
Yuan et al. [19] reported no significant differ-
ences in a-diversity between DLBCL patients
and healthy controls, while significant differ-
ences were noted in the B diversity index. In
this study, there were no significant differences
in o-diversity among most groups, with differ-
ences observed only in the International Prog-
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nostic Index (IPl) group and the group with
extranodal involvement. In the I[Pl grouping,
species abundance in the low IPI group was sig-
nificantly higher than in the high IPI group,
although there was no significant difference in
species evenness between the two groups.
This may be because different microbial com-
munities can have similar functions. When the
abundance of a microbial community with a
specific function increases, other microbial
communities with the same function remain
unaffected, thus maintaining species even-
ness.
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Figure 6. Analysis of the species of gut microbiota and comparison of a diversity index and B-diversity index between
the two groups of patients (OL-1 and OL-2). A. In the o diversity index, the Shannon index of species between the two
groups according to the Wilcoxon test (P < 0.05). B. The results of the Adonis test and analysis of similarities test
in B-diversity index. C. The results of the Adonis test and analysis of similarities test in B-diversity index. D. Genus-
level ROC curve analysis. E. The heatmap of the species composition analysis for the two groups of patients. F. The
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bar plots of the species composition analysis for the two groups of patients. G. The differences at the genus level
between the two groups of patients. OL-1, the no extranodal involvement group; OL-2, the extranodal involvement

group; ROC, receiver operating characteristic.

Table 2. Comparison of serum cytokines, PD-1, and PD-L1 between the OL1 and OL2 groups

OL1 (n = 28) OL2 (n = 41) y P

-2 (pg/mL) 0.770 (0.315, 2.205) 0.800 (0.345, 1.480) -0.436 0.663
IL-6 (pg/mL) 24.130 (15.612, 36.885) 17.150 (7.190, 29.075) -1.845 0.065
IL-10 (pg/mL) 5.980 (2.200, 35.357) 4.110 (2.415, 11.455) -1.167 0.243
IFN-y (pg/mL) 13.455 (6.815, 54.222) 8.950 (6.090, 33.635) -0.642 0.521
TNF- (pg/mL) 3.850 (2.120, 12.232) 3.950 (2.615, 9.250) -0.049 0.961
PD-1 (pg/mL) 24.290 (8.492, 37.230) 6.810 (2.330, 17.130) -3.01 0.003*
PD-L1 (pg/mL) 46.843 (27.930, 73.618) 55.711 (28.844, 79.290) -0.379 0.705

IFN, interferon; IL, interleukin; OL1, no extranodal involvement; OL2, extranodal involvement; PD-1, programmed cell death
protein 1; PD-L1, programmed death-ligand 1; TNF, tumor necrosis factor. *, P < 0.05.

Although this study did not directly compare the
gut microbiota profiles of DLBCL patients to
healthy controls, our findings align with pre-
vious observations of lymphoma-associated
dysbiosis in comparable cohorts [18, 19]. To
address this methodological gap and better
delineate disease-specific microbial signa-
tures, future studies should include age- and
sex-matched healthy controls using standard-
ized fecal collection protocols. This will enhance
our ability to distinguish between DLBCL-
specific alterations and confounding environ-
mental or physiological variations.

An increasing body of evidence suggests that
the gut microbiota plays a critical role in antitu-
mor immunity and may contribute to the activa-
tion of immune checkpoint blockade therapies
[20]. Targeting the biological characteristics of
DLBCL patients through gut microbiota inter-
vention, thereby mitigating the impact of gut
microbiota imbalance on antitumor immuno-
therapy, may represent a promising approach
to enhance immunotherapy efficacy. In this
study, patients with DLBCL were grouped based
on their clinical characteristics, and the micro-
biota composition of each group was analyzed.
In the species analysis, the genus Megamonas
was more abundant in patients with elevated
B2-microglobulin levels compared to those
with normal levels. One study revealed that
Megamonas was significantly enriched in
female patients with inactive systemic lupus
erythematosus, with its abundance negatively
correlating with C3 complement levels [21].
Another study showed that an increase in
Megamonas in the gut was negatively correlat-
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ed with the production of T-helper 17 cells,
leading to a weakened immune response [22].
Previous studies have identified elevated [(2-
microglobulin as an independent prognostic
factor associated with poor outcomes in DLBCL
patients [23, 24].

It has also been shown that the abundance of
Parabacteroides and Ruminococcus may be
positively correlated with immune response
[25]. In this study, these genera were signifi-
cantly increased in patients with a poor progno-
sis, including those with a high-risk IPI score,
non-GCB subtype, and non-CR status. These
factors have been identified as independent
predictors of poor prognosis. Therefore, wheth-
er patients with high abundance of these gen-
era respond well to immunotherapy remains to
be confirmed.

Eubacterium and Akkermansia have been
shown to predict response to chimeric antigen
receptor (CAR)-T cell therapy. The abundance of
Akkermansia is associated with significantly
elevated baseline peripheral T-cell levels, sug-
gesting that gut microbiota intervention could
potentially improve CAR-T cell therapy efficacy
[25]. In this study, Akkermansia was found to
be more abundant in the group with a high
CD4+/CD8+ ratio compared to the low CD4+/
CD8+ ratio group. Akkermansia can degrade
mucins, releasing short-chain fatty acids (e.g.,
acetic acid and propionic acid), which in turn
enhance cytokine release from effector T cells
[26, 27]. In vitro experiments have shown that
Akkermansia stimulates the release of the
effector cytokine IFN-y2 from CD4+ and CD8+
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Figure 7. Analysis of the species of gut microbiota and comparison of B-diversity index between the two groups of
patients (S1 and S2). A. The PCoA diagrams of {3 diversity between the two groups. B. The results of the Adonis test
and analysis of similarities test in B-diversity index. C. Genus-level ROC curve analysis. D. The heatmap of the spe-
cies composition analysis for the two groups of patients. E. The bar plots of the species composition analysis for the
two groups of patients. F. The differences at the phylum, genus and species levels between the S1 and S2 groups.
S1, CR after four courses of RCHOP therapy; S2, the failure to achieve a CR after four courses of RCHOP therapy;
PCoA, principal coordinate analysis; ROC, receiver operating characteristic.

memory T cells, while lipids in the Akkermansia
cell membrane activate the non-canonical
TLR2-TLR1 pathway in immune cells [27].
Therefore, Akkermansia may increase the effi-
cacy of CAR-T cell therapy, but further studies
are needed to confirm this.

In a study evaluating the impact of antibiotic
use on the gut microbiota in patients undergo-
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ing CAR-T cell therapy, it was hypothesized that
high-risk patients requiring antibiotic treatment
would exhibit certain characteristics, such as
advanced disease stage and poor clinical sta-
tus. These patients required antibiotic therapy
to manage complications arising from infec-
tions [25]. However, some patients may not
have clear evidence of infection, with increased
antibiotic use due to disease confusion or mis-
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Table 3. Comparison of serum cytokines, PD-1, and PD-L1 measurements between the CR and non-

CR groups
S1 group (n = 38) S2 group (n = 31) YA P

IL-2 (pg/mL) 0.960 (0.442, 2.125) 0.480 (0.290, 1.120) -2.437 0.015*
IL-6 (pg/mL) 24.350 (14.540, 38.625) 15.050 (7.190, 23.560) -2.606 0.009*
IL-10 (pg/mL) 5.540 (2.475, 20.607) 4.690 (2.090, 11.290) -0.850 0.395
IFN-y (pg/mL) 13.455 (6.815, 54.222) 8.950 (6.090, 33.635) -0.103 0.918
TNF-a (pg/mL) 4.490 (2.465, 11.212) 3.420 (2.520, 10.420) -0.483 0.629
PD1 (pg/mL) 11.955 (2.345, 30.820) 13.320 (2.330, 21.420) -0.611 0.541
PDL1 (pg/mL) 45.414 (27.539, 79.190) 57.921 (35.179, 73.726) -0.778 0.436

The S1 group achieved CR after four courses of RCHOP therapy; the S2 group failed to achieve CR after four courses of RCHOP
therapy. CR, complete remission; IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; PD-1, programmed cell death

protein-1; PD-L1, programmed death-ligand 1. *, P < 0.05.

diagnosis. It is critical to minimize such situa-
tions during clinical diagnosis and treatment.

Some studies showed that patients receiving
antibiotics exhibited increased abundances of
Enterococcus, Streptococcus, and Klebsiella,
which led to microbial interference with pepti-
doglycan biosynthesis and the enrichment of
antibiotic resistance-related genes [23, 25-28].
In this study, the abundance of Enterococcus
was higher in the group with extranodal involve-
ment (OL2) compared to the group without
extranodal involvement (OL1). Previous rese-
arch demonstrated that Enterococcus can
translocate across the intestinal barrier into
the mesenteric lymph nodes [29]. This bacteri-
al genus has immune-stimulatory and proin-
flammatory effects, potentially causing sig-
nificant inflammatory and immune-mediated
damage to the intestine [29]. In our study, 26
out of 41 patients (63.4%) in the OL2 group
with increased Enterococcus had lymphoma-
associated intestinal injury. However, the rela-
tionship between Enterococcus abundance
and intestinal injury requires further investi-
gation.

Alteromonas, a relatively new genus within the
phylum Bacteroidetes, is less commonly isolat-
ed compared to other bacteria in this phylum
[30]. Studies have suggested that Alteromonas
may play a role in colorectal cancer, exerting
its effects through the interleukin-6/STAT3
pathway [31]. A recent study indicated that
Alteromonas may positively influence tumor
immunotherapy by altering the tumor microen-
vironment [32]. In another study, Alteromonas
abundance increased in patients who respond-
ed well to nivolumab treatment for non-small
cell lung cancer [30]. In the present study,
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Alteromonas abundance was higher in the
group with extranodal involvement and the
group that did not achieve CR after four cours-
es of RCHOP therapy, compared to the no extra-
nodal involvement group and the CR group.
Additionally, these groups exhibited higher
cytokine levels, including interleukin-2 and
interleukin-6, as well as increased PD-1 and
PD-L1 expression, compared with the no extra-
nodal involvement and CR groups. We hypoth-
esize that these patients may have a better
response to immunotherapy. However, as there
is currently no literature demonstrating the
relationship between Alteromonas and lympho-
ma development or treatment, further studies
are necessary to explore this association.

This study has several limitations. First, the
study population was from North China, and
their dietary habits may differ from those of
individuals in other regions, potentially intro-
ducing bias in the gut microbiota composition.
Therefore, caution should be exercised when
generalizing the findings to other populations.
Additionally, the influence of the gut microbiota
may vary across different pathological sub-
types of lymphoma. Further research is needed
to explore the biological characteristics of the
gut microbiota in relation to different lympho-
ma subtypes. Thirdly, this was a proof-of-con-
cept study, and it remained unclear whether
manipulating the gut microbiota can improve
treatment responses or provide new strategies
for potential lymphoma therapies. Therefore,
future studies should aim to increase the sam-
ple size and expand the geographical scope to
obtain a more precise understanding of the
relationship between the gut microbiota and
the development of lymphoma.
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In conclusion, the composition and diversity of
the gut microbiota in patients with DLBCL may
be linked to the host’'s immune status, suggest-
ing that the microbiota-immune axis may play a
role in the occurrence and progression of lym-
phoma, thus affecting patient prognosis.
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Supplementary Figure 1. Analysis of the species of gut microbiota and comparison of a-diversity index between the
two groups of patients (GCB and non-GCB).GCB, germinal center B-cell-like.
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Supplementary Figure 2. Analysis of the species of gut microbiota and comparison of B-diversity index between the
two groups of patients (HCDR and LCDR). HCDR, high CD4+/CD8+ ratio; LCDR, low CD4+/CD8+ ratio.



Gut microbiota and newly diagnosed DLBCL characteristics

Wilcoxon, p=0.6035

Shannon
S
1

1
HB2MG

1
LB2MG

group

O HB2MG
LB2MG

Supplementary Figure 3. Analysis of the species of gut microbiota and comparison of B-diversity index between the
two groups of patients (HB2MG and LB2MG). HB2MG, high B2-microglobulin; LB2MG, low B2-microglobulin.
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Supplementary Figure 4. Analysis of the species of gut microbiota and comparison of B-diversity index between the
two groups of patients (S1 and S2). S1, CR after four courses of RCHOP therapy; S2, the failure to achieve a CR after

four courses of RCHOP therapy.



