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Abstract. The pathogenesis and progression of follicular 
lymphoma (FL) depends on immune evasion mechanisms. 
The gut microbiota has been reported to be associated with 
the development and outcome of several human diseases by 
modulating host immunity. Thus, the present study inves‑
tigated the characteristics and prognostic value of the gut 
microbiota in FL. Fecal samples from treatment‑naïve patients 
with FL (n=28) and healthy controls (n=18) were prospectively 
collected. The gut microbiota diversity and composition were 
examined by 16S ribosomal RNA sequencing. The results 
demonstrated that patients with FL had distinct microbiota 
compositions. The relative abundance of the Ruminococcaceae 
family was significantly increased in patients with FL (P=0.01). 
Furthermore, a high level of Ruminococcus was identified as a 
strong indicator of tumor burden (P=0.001), and was related to 
the FL International Prognostic Index score and serum lactate 
dehydrogenase levels. The present results indicated an associa‑
tion between the gut microbiota and FL prognosis. Findings 
from the present study may provide a rational foundation for 
further investigation of the role of gut microbiota in lymphoma 
management.

Introduction

Follicular lymphoma (FL) is a highly heterogeneous, indo‑
lent form of non‑Hodgkin lymphoma (NHL). In China, FL 

represents 10‑20% of all new NHL diagnoses (1). The majority 
of patients with FL have a favorable outcome; however, 
~20% of patients still face the risk of disease progression 
and adverse outcomes despite intensive treatment (2‑4). 
Given the heterogeneity of the disease, several models have 
been proposed to predict treatment outcomes (5,6). However, 
identifying high‑risk patients at the time of FL diagnosis 
remains challenging. Thus, mechanistic studies into FL 
development and progression are vital for identifying more 
prognostic predictors.

It has become increasingly evident that the survival of 
indolent lymphoma cells is highly dependent upon their ability 
to escape host immunity (7); however, the immune evasion 
strategies remain unclear. Growing evidence has suggested that 
the gut microbiota is associated with immune cell dynamics 
and immune homeostasis in humans (8‑10). Recent studies 
have provided strong evidence of the association between the 
gut microbiota and human diseases, including cancer (11‑13). 
Studies have also demonstrated the prognostic roles of the 
gut microbiota in immunotherapy and allogeneic stem cell 
transplantation (14‑16). These studies have garnered interest 
in other diseases where a connection to the gut microbiota is 
suspected. Recent studies that have assessed the gut micro‑
biota in patients with NHL, especially diffuse large B‑cell 
lymphoma, have revealed an association between gut micro‑
biota composition and disease outcomes (17‑19). However, 
research on the gut microbiota in FL remains limited. To the 
best of our knowledge, only one study has previously examined 
the gut microbiota composition in a small cohort of patients 
with primary gastrointestinal FL (20). The present study 
aimed to investigate the characteristics of the gut microbiota in 
patients with FL, and explored the prognostic value of the gut 
microbiota composition and the abundance of specific taxa.

Materials and methods

Patient enrollment and sample collection. Patients diagnosed 
with FL (n=28), and age‑ and sex‑matched healthy controls 
(n=18) were enrolled from the Hematology Department, 
Peking Union Medical College Hospital (Beijing, China) 
between June 2021 and June 2022. All patients were enrolled 
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before initiating treatment or during monitoring of FL. The 
exclusion criteria were as follows: i) History of chronic 
gastrointestinal inflammatory diseases; ii) coexistence of 
other types of tumors; iii) history of diarrhea within 2 weeks; 
and iv) history of antibiotic use within 4 weeks (17,18,21,22). 
On their first visit to the clinic, fresh fecal samples were 
collected from the patients and stored at ‑20˚C. Patients 
were assessed by hematologists to determine their Ann 
Arbor stage (23), FL International Prognostic Index (FLIPI) 
score (24), pathological grade and tumor burden according to 
the modified Groupe d'Etude des Lymphomes Folliculaires 
(GELF) criteria (25,26). Patient data, including age, sex, 
Ann Arbor stage, World Health Organization pathological 
grade (25), FLIPI score, extranodal involvement, tumor 
burden and laboratory findings [IL‑6, IL‑8, IL‑10 and lactate 
dehydrogenase (LDH)] were collected.

16S ribosomal RNA (rRNA) sequencing and statistical 
analysis. The microbiota diversity and composition of the 
samples were assessed using 16S rRNA gene sequencing. 
Brief ly, fecal samples stored at ‑20˚C were processed 

within 24 h of collection. Sample DNA was extracted using 
the PowerSoil DNA Isolation Kit (Mo Bio Laboratories, 
Inc.). The V3‑4 hypervariable regions of the bacterial 
16S rRNA gene were amplified with the forward primer 
338F (5'‑ACT CCT ACG GGA GGC AGC AG) and reverse 
pr imer 806R (5'‑GGA CTA CHV GGG TWT CTA AT) 
using polymerase chain reaction (PCR) (27). The PCR 
products were purified using Agencourt AMPure XP 
Kit (Beckman Coulter, Inc.) and quantified by Nanodrop 
(Thermo Fisher Scientific, Inc.). The quality of the ampli‑
cons was assessed using the ABI StepOnePlus Real Time 
PCR system (Applied Biosystems, Inc.) and Agilent 2100 
Bioanalyzer (Agilent Technologies, Inc.). Deep sequencing 
was performed on the MiSeq platform using the MiSeq 
Reagent Kit v2 (cat. no. MS‑102‑2003; Illumina, Inc.) at 
Allwegene Technology (paired‑end sequencing, raw read 
length, 300 bp; loading dose, ~1.6 pmol). After the run, 
image analysis, base calling and error estimation were 
performed using Illumina Analysis Pipeline Version 
2.6 (Illumina, Inc.). The raw data were first screened 
and sequences were removed from consideration if they 

Table I. Characteristics of patients with FL and healthy controls.

Characteristic Patients with FL (n=28) Healthy controls (n=26) P‑value

Median age, years (range) 51 (30‑70) 56 (35‑64) 0.57
Sex, n (%)   0.11
  Male 9 (32.1) 14 (53.8) 
  Female 19 (67.9) 12 (46.2) 
Ann Arbor stage, n (%)   
  I 0 (0)  
  II 3 (10.7)  
  III 16 (57.1)  
  IV 9 (32.2)  
WHO pathological grade, n (%)   
  1 18 (64.3)  
  2 7 (25.0)  
  3a 3 (10.7)  
  3b 0 (0)  
FLIPI score, n (%)   
  Low risk 17 (60.7)  
  Intermediate risk 5 (17.9)  
  High risk 6 (21.4)  
Extranodal site, n (%)   
  None 17 (60.7)  
  Gastrointestinal tract 6 (21.4)  
  Bone marrow 5 (17.9)a  
  Skin 1 (3.6)  
Tumor burden, n (%)   
  Low 17 (60.7)  
  High 11 (39.3)  

aOne patient had bone marrow and gastrointestinal involvement. FL, follicular lymphoma; FLIPI, FL International Prognostic Index; WHO, 
World Health Organization.
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were shorter than 230 bp, had a low quality score (≤20), 
contained ambiguous bases or did not exactly match to 
primer sequences and barcode tags. Qualified reads were 
separated using the sample‑specific barcode sequences 
and trimmed with Illumina Analysis Pipeline Version 2.6. 
The dataset was then analyzed using QIIME1 (v1.8.0). The 
sequences were clustered into operational taxonomic units 
at a similarity level of 97% to generate rarefaction curves, 
and to calculate the richness and diversity indices (data not 
shown). The Ribosomal Database Project Classifier tool 
was used to classify all sequences into different taxonomic 
groups (28). QIIME1 (v1.8.0) software was used to calcu‑
late the chao1 index, observed species and phylogenetic 
diversity whole tree (29). Principal coordinate analysis 
was used to analyze β‑diversity using R (v3.6.0) (30). The 
differences between groups were analyzed using Mothur 
software (v.1.34.4) (31), and linear discriminant analysis 
effect size (LEfSe) was analyzed by Python (V2.7) (32). 
The PICRUSt2 was used to predict the Kyoto Encyclopedia 

of Genes and Genomes (KEGG) pathway enrichment from 
16S sequence results (33).

The χ2 test, Fisher's exact test, and Mann‑Whitney U test 
were applied, where appropriate, to compare the baseline 
demographics. Receiver operating characteristic (ROC) 
curve analysis, logistic regression, and simple linear regres‑
sion analyses were conducted to analyze the association 
between microbiota and tumor burden. Statistical analysis 
was conducted using R (v3.6.0) and data were visualized using 
GraphPad Prism 9 (Dotmatics). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Baseline characteristics. Among the 28 patients, the 
median age was 51 years (range, 30‑70 years). The majority 
of patients had low‑grade advanced‑stage disease (Ann 
Arbor stage III‑IV, pathological grade 1‑2). Most patients 
were at low risk as defined by the FLIPI score (24). The 

Figure 1. Patients with follicular lymphoma have an altered gut microbiota. (A) Bar plots of α‑diversity indexes: Chao1, observed species, phylogenetic 
diversity whole tree and Shannon. (B) Principal coordinate analysis of β‑diversity. (C) Violin plots of the relative abundance of the order Coriobacteriales and 
the family Coriobacteriaceae (Mann‑Whitney U test) (D) Violin plots of the relative abundance of the order Oscillospirales and the family Ruminococcaceae 
(Wilcoxon rank‑sum test). (E) Bar plots of the differentially abundant taxa defined by LDA score >3.0. (F) Relations of the enriched taxa by cladogram. 
C, control; L, lymphoma; LDA, linear discriminant analysis.
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extranodal involvement sites included the gastrointestinal 
tract, bone marrow and skin. According to the modified 
GELF criteria (26), 11 (39.3%) patients were classified as 
having a high tumor burden. There was no significant differ‑
ence in age or sex between the patient and control groups 
(age: P=0.57, sex: P=0.11). Baseline characteristics are listed 
in Table I.

Patients with FL have an altered gut microbiota. To investigate 
whether the gut microbiota was altered in treatment‑naïve patients 
with FL, patients with FL were compared to healthy controls. 
The α‑diversity analysis showed that patients with FL had higher 
taxonomic diversity of gut microbiota (Fig. 1A). The β‑diversity 
analysis showed a significant difference between patients with FL 
and healthy controls regarding microbiota composition (Fig. 1B). 
The LEfSe analysis revealed that the main difference in β‑diversity 
was related to the overabundance of Ruminococcaceae (family of 

the Oscillospirales order) in patients with FL (Fig. 1D and E). A 
decrease in Coriobacteriaceae abundance at the family level were 
also observed in patients with FL (Fig. 1C and E). The cladogram 
shows the relationships of the enriched taxa (Fig. 1F). To further 
investigate the functional alteration of gut microbiota, PICRUSt2 
was used to predict the KEGG pathway enrichment based on 
the 16S rRNA sequencing data. The activity of the ‘bacterial 
secretion system’ was significantly enriched in patients with FL 
(P=0.005), with a concomitant decrease in nutrient metabolism 
function, including ‘carbohydrate metabolism’ (P=0.003), 
‘fructose and mannose metabolism’, and ‘thiamine metabolism’ 
(P=0.01) (Table SI). These results suggested that the composition 
and function of the gut microbiota were altered in patients with 
FL prior to treatment.

Gut microbiota is associated with tumor burden. To 
explore the prognostic value of the gut microbiota in FL, 

Figure 2. Gut microbiota is associated with tumor burden. (A) Bar plots of α‑diversity indexes: Chao1, observed species, phylogenetic diversity whole tree and 
Shannon. (B) Principal coordinate analysis of β‑diversity. (C) Violin plots of the relative abundance of the genus Ruminococcus (Wilcoxon rank‑sum test). 
(D) ROC curve for predicting high tumor burden based on the relative abundance of Ruminococcus. (E) Bar plots of the differentially abundant taxa defined 
by LDA score >3.0. (F) Estimated regression line obtained by linear regression model linking LDH levels to the relative abundance of Ruminococcus. AUC, 
area under the curve; B0, low tumor‑burden group; B1, high tumor‑burden group; C, control; FLIPI, Follicular Lymphoma International Prognostic Index; 
L, lymphoma; LDA, linear discriminant analysis; LDH, lactate dehydrogenase; ROC, receiver operating characteristic.



ONCOLOGY LETTERS  27:  207,  2024 5

patients were grouped into a low tumor burden group (B0, 
n=17) and a high tumor burden group (B1, n=11). Although 
the α‑diversity did not differ significantly (Fig. 2A), the 
β‑diversity differed between patients with low and high 
tumor burden (Fig. 2B). In the taxonomic comparison of gut 
microbial composition, an overabundance of Ruminococcus 
(genus of the Ruminococcaceae family) was observed 
in patients with high tumor burden (Fig. 2C and E). The 
present study then specifically investigated the predictive 
value of the abundance of Ruminococcus on tumor burden. 
The ROC showed that the abundance of Ruminococcus 
could be used to distinguish high and low tumor burdens 
in patients (area under the curve=0.87, P=0.001; Fig. 2D). 
As determined by logistic regression analysis, it was 
revealed that the high abundance of Ruminococcus (defined 
by a relative abundance ≥0.8%; the cut‑off value defined 
by ROC curve analysis) was associated with an increased 
risk of high tumor burden (OR 3.2, 95% CI 1.5‑10.5, 
P=0.0003) (Table SII). Additionally, as determined by 
linear regression analysis, the abundance of Ruminococcus 
was associated with LDH levels of the patients (Fig. 2F). 
Baseline cytokine concentrations (IL‑6, IL‑8 and IL‑10) 

were also assessed; however, no significant association was 
found between ILs and Ruminococcus (data not shown). 
In addition, the clinical characteristics of the patients with 
high or low Ruminococcus were compared. Although not 
statistically significant, patients with a high abundance of 
Ruminococcus tended to have a higher pathological grade 
(P=0.16) and FLIPI score (P=0.09) (Table II).

Discussion

In the present study, it was revealed that patients with FL at 
diagnosis had an altered gut microbiota composition compared 
with that in healthy individuals, characterized by an overabun‑
dance of Ruminococcaceae and increased bacterial secretion 
function. Furthermore, it was demonstrated that the relative 
abundance of Ruminococcus was a significant predictor of 
tumor burden.

Based on these findings, it was hypothesized that microbial 
dysbiosis may be involved in the development and progression 
of FL. It is generally believed that lymphoma cells must evolve 
some immune escape strategy to develop from lymphoid 
organs and survive in the periphery; however, the immune 

Table II. Characteristics of patients with FL and high or low Ruminococcus abundance.

Characteristic High Ruminococcus (n=15) Low Ruminococcus (n=13) P‑value

Median age, years  (range) 43 (30‑70) 51 (41‑64) 0.32
Sex, n (%)   >0.99
  Male 5 (33.3) 4 (30.8) 
  Female 10 (66.7) 9 (69.2) 
Ann Arbor stage, n (%)   0.87
  I 0 (0) 0 (0) 
  II 1 (6.7) 2 (15.4) 
  III 9 (60.0) 7 (53.8) 
  IV 5 (33.3) 4 (30.8) 
WHO pathological grade, n (%)   0.27
  1 8 (53.3) 10 (76.9) 
  2 4 (26.7) 3 (23.1) 
  3a 3 (20.0) 0 (0) 
  3b 0 (0) 0 (0) 
FLIPI score, n (%)   0.18
  Low risk 7 (46.7) 10 (76.9) 
  Intermediate risk 3 (20.0) 2 (15.4) 
  High risk 5 (33.3) 1 (7.7) 
Extranodal site, n (%)   0.64
  None 9 (60.0) 8 (61.5) 
  Gastrointestinal tract 2 (13.3) 4 (30.8) 
  Bone marrow 3 (20.0) 2 (15.4)a 

  Skin 1 (6.7) 0 (0) 
Tumor burden, n (%)   0.0003
  High 10 (66.7) 1 (7.7) 
  Low 5 (33.3) 12 (92.3) 

aOne patient had bone marrow and gastrointestinal involvement. FL, follicular lymphoma; FLIPI, FL International Prognostic Index; WHO, 
World Health Organization.
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evasion mechanisms remain poorly characterized (7). There 
is mounting evidence to support the role of the microbiome in 
altering the immune system of the host. The crosstalk between 
the gut microbiota and the immune system influences local‑
ized mucosal immunity and has broader effects, contributing 
to innate and adaptive immunity at multiple levels (9,34). 
Mechanistic studies have shown that gut microbial dysbiosis 
can coordinate helper T‑cell responses via the secretion of 
inflammatory molecules and induction of local oxidative 
stress (35‑37). As determined by PICRUSt2 prediction, it was 
demonstrated in the present study that the bacterial secretion 
system pathway was significantly enriched in patients with FL, 
whereas the nutrient metabolism pathway was not. This result 
indicated a functional shift in the gut microbiota toward a 
pathological state. To determine the inflammatory status of the 
patients, baseline cytokine concentrations (IL‑6, IL‑8, IL‑10) 
and LDH levels were measured in serum samples obtained 
along with the fecal samples. Although no significant differ‑
ence was determined in cytokines due to the limited sample 
size, an association was identified between Ruminococcus 
abundance and LDH levels. However, increased LDH could 
be caused by various factors other than the gut microbiome, 
and additional functional studies, especially metagenomic 
studies, are warranted to elucidate the mechanism underlying 
the interaction between the gut microbiota and inflammation 
in patients with FL.

As determined by taxonomic analysis, it was revealed 
that members of the Ruminococcaceae family, especially the 
genus Ruminococcus, were associated with FL and a high 
tumor burden. In the literature, Ruminococcaceae has been 
reported to produce short‑chain fatty acids that can induce the 
Wnt pathway in intestinal stem cells to promote their prolifera‑
tion (38). Furthermore, high abundance of Ruminococcus has 
been associated with several autoimmune diseases, including 
inflammatory bowel disease and spondylarthritis (39,40). This 
evidence, together with the present findings, suggested a novel 
role for Ruminococcus in the pathogenesis of several diseases.

To the best of our knowledge, the present study is the first 
comprehensive microbiota analysis of treatment‑naïve patients 
with FL. The results suggested an association between gut 
microbiota composition and the disease progression of FL. 
However, the impact of these initial findings is limited by 
the small sample size. Validation of these findings in larger 
clinical studies is required. Moreover, long‑term survival data 
will help to further consolidate the prognostic value of gut 
microbiota. Future studies should also investigate the regula‑
tory mechanisms of the gut microbiota in preclinical models 
to understand the interplay of bacterial taxa and bacterial 
metabolites on the immune system.
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