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Intratumoral Microbiome of Human 
Primary Liver Cancer
Dingding Qu ,1 Yi Wang,1 Qingxin Xia,1 Jing Chang,2,3 Xiangnan Jiang,4 and He Zhang1

Primary liver tumors (PLCs) and liver metastasis currently represent the leading cause of cancer-related deaths world-
wide due to poor outcomes, high incidence, and postsurgical recurrence. Hence, novel diagnostic markers and therapeu-
tic strategies for PLCs are urgently needed. The human microbiome can directly or indirectly impact cancer initiation, 
progression, and response to therapy, including cancer immunotherapy; however, the roles of the microbiota in the 
tumor microenvironment are not clear and require more investigation. Here, we investigated intratumoral microbial 
community profiling on formalin-fixed paraffin-embedded tissue samples of patients with PLC by 16S ribosomal RNA 
using the MiSeq platform. We characterized the microbial communities in different histopathological subtypes and in 
the different prognoses of patients with PLC. The study revealed microbial population differences not only in carci-
noma tissue and the matched adjacent nontumor tissue but in different histopathological subtypes, even in patients 
with PLC with different prognoses. Interestingly, the abundance of certain bacteria that have antitumor effects at fam-
ily and genus level, such as Pseudomonadaceae, decreased in tumor tissue and was linearly associated with prognosis of 
patients with PLC. Conclusion: We provide a potential novel diagnostic biomarker and therapeutic strategy for early 
clinical diagnosis and treatment of PLC. (Hepatology Communications 2022;6:1741-1752).

Primary liver cancer (PLC) is one of the most 
fatal malignant tumors in the world. Due to 
the insidiousness of the onset of PLC and the 

absence of effective diagnosis markers and treatment 
methods, the outcomes of PLC are extremely poor 
and the 5-year average survival rates are extremely 
low. PLC mainly refers to malignancies that origi-
nate from malignant hepatocellular tumors and pre-
cursors, such as hepatocellular carcinoma (HCC), 
which accounts for the majority of PLC, intrahepatic 
cholangiocarcinoma (iCCA), and combined HCC 
and iCCA (cHCC-CCA). The main underlying risk 
factor is liver cirrhosis, predominantly from chronic 
viral infections (with hepatitis B or C) or alcoholic 

liver disease. Due to the lack of specific symptoms 
and diagnosis markers in early stages, most patients 
might be diagnosed with early/intermediate-stage 
disease and treated with curative intent by surgery or 
receive local ablation or arterially directed therapy for 
the treatment of embolisms.(1,2) Therefore, novel diag-
nostic markers and therapeutic strategies for PLC are 
urgently needed to improve the outcome of patients 
with PLC.

Because the human gut microbiota has been com-
monly considered the most important microecosys-
tem living in symbiosis with the body,(3-5) past studies 
have focused on serum or fecal microbiota to inves-
tigate the links between microbiota metabolism and 
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HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; LTS, long-term survivor; OTU, operational taxonomic unit; PCA, principal 
coordinate analysis; PLC, primary liver cancer; rRNA, ribosomal RNA; STS, short-term survivor.
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tumor development. Recent studies have reported that 
the gut microbiota is different among early HCC, 
cirrhosis, and healthy controls,(5) indicating that gut 
microbiota may act in a crucial role in chronic inflam-
matory liver diseases and liver cancers. However, 
few studies have directly explored the potential ave-
nues of crosstalk between tumors and their bacterial 
counterparts by tumor specimens. Indeed, reports on 
the microbial characteristics of tumor formalin-fixed 
paraffin-embedded (FFPE) tissue in clinical patients 
with PLC are rare.

Numerous, well-characterized, and well-preserved 
clinical samples are fundamental to explore the spe-
cific correlation between the microbiota and disease. 
FFPE tissue samples are considered consistent with 
this general principle owing to their routine use and 
wide availability as clinical materials.(6) In addition, 
we chose FFPE tissue samples to investigate the alter-
ations of the tumor microbiome because they are easy 
to handle, suitable for long-term storage, and can be 
used in a wide range of molecular applications; most 
importantly, they can reflect patients’ prognosis and 
survival.(7) The technique of 16S ribosomal RNA 
(rRNA) sequencing was found to be more powerful 
and extensive for the detection of bacteria in FFPE 
tissue and also relatively economical and practical.(8) 
In addition, for 16S rRNA sequence analysis of FFPE 
tissue flora, reports have been published on gut,(9) 
endocarditis,(10) tonsillar tissue,(11) and cystic neu-
trophilic granulomatous mastitis.(12) To this end, we 
investigated the intratumoral microbiome on FFPE 
tissue samples of patients with PLC by 16S rRNA 
MiSeq sequencing. Results revealed that tumor micro-
bial composition and abundance of certain microbes 

were significantly different regardless of whether 
they were found in tumor and the matched nontu-
mor adjacent tissues or in different histopathological 
subtypes, even in patients with PLC with different 
prognoses. Unexpectedly, the relative abundance of 
Pseudomonadaceae at the family and genus level was 
decreased in tumor tissues and was linearly associated 
with prognoses of patients with PLC; this may involve 
the antitumor effect of Pseudomonadaceae.(13-15) In 
brief, our study revealed intratumoral microbiome dif-
ferences in various aspects of PLC, including various 
histopathological subtypes and prognoses, providing a 
potential novel diagnostic biomarker and therapeutic 
strategy for patients with PLC.

Participants and Methods
PARTICIPANT INFORMATION

We initially used a discovery cohort of 28 individ-
uals with PLC who required surgery at the Affiliated 
Tumor Hospital of Zhengzhou University (Henan 
Province, China) from 2015 to 2016. This cohort 
included 11 patients with HCC, 8 with iCCA, and 9 
with cHCC-CCA. Representative FFPE sections (i.e., 
at the site of the tumor area) and marginal sections 
(i.e., nontumor area adjacent to the tumor site) were 
obtained for all 28 patients. In analysis of the discov-
ery cohort between long-term survivors (LTSs) and 
short-term survivors (STSs), we compared patients 
who received surgical resection and who survived more 
than 5 years after surgery to stage-matched STSs who 
survived less than 5 years after surgery.
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This study was approved by the Institutional 
Review Board of the Affiliated Cancer Hospital of 
Zhengzhou University and was performed in accor-
dance with the Helsinki Declaration and rules of 
good clinical practice. All participants signed written 
informed consents after the study protocol was fully 
explained and signed an informed consent agreeing to 
deliver their own anonymous information for future 
studies.

HISTOLOGY
Intact surgical specimens were delivered to our 

pathology laboratory under sterile conditions. Pickup 
was followed by fixation of samples in 10% neutral 
buffered formalin and processed for paraffin embed-
ding. Histology sections were cut at 3-5 μm and 
stained with hematoxylin and eosin. A medium-
capacity digital slide scanner (Pannoramic Scan; 
3DHISTECH Ltd., Hungary) was used for imag-
ing histology sections, and all images were taken at 
magnification ×2 or ×5. Representative images were 
captured from every sample to demonstrate the tumor 
area and the matched adjacent nontumor area.

FFPE SAMPLE COLLECTION AND 
DNA EXTRACTION

For each sample, the first few scrolls from the 
FFPE blocks were discarded; then, two 2-mm holes 
were drilled at the tumor site and at the matched adja-
cent tissues and the drillings placed into sterile 2-mL 
centrifuge tubes. This drill-hole method in FFPE tis-
sues was based on information from a relevant pub-
lication(16) with some necessary improvements. The 
sampling process was performed on a clean bench, 
and the drill-hole tool was prepped with 75% alco-
hol before and after drilling. The main protocols and 
sterilization operations are shown in Supporting Fig. 
S2. The surgical specimens from the liver cancer tissue 
were sufficient to extract enough DNA for 16S rRNA 
sequencing, and the drill-hole method maintained a 
relatively high level of DNA concentration and purity 
(as shown in Supporting Table S1). Microbial total 
DNA from the FFPE tissue was extracted using the 
QIAamp DNA FFPE tissue kit (QIAGEN, CA) 
according to the manufacturer’s protocol. Samples 
were then immediately frozen and stored at −20℃ 
until used for the experiment. A NanoDrop ND-1000 

Spectrophotometer (Nucliber) was used for DNA 
quantification with an equivalent of 1 μL of each 
sample at room temperature.

POLYMERASE CHAIN REACTION 
AMPLIFICATION, MISEQ 
SEQUENCING, AND SEQUENCE 
DATA PROCESS

Extracted DNA samples were amplified, DNA 
libraries were constructed, and sequencing was per-
formed on an Illumina MiSeq platform by Shanghai 
Majorbio Bio-Pharm Technology Co., Ltd., China. 
The 16S rRNA gene sequencing methods were adapted 
from the methods developed for the Earth Microbiome 
Project(X) and the National Institutes of Health 
Human Microbiome Project (HMP).(17-19) In brief, 
the bacterial 16S rRNA gene V4 region was amplified 
from the diluted DNA extracts with the primers 515 
forward (5′-GTGCCAGCMGCCGCGGTAA-3′) 
and 806 reverse (5′-GGACTACHVGGGTWTCTA
AT-3′).(19) After purification and quantification of the 
polymerase chain reaction (PCR) products, the sample 
was equimolar mixed. Parallel tagged sequencing was 
performed with sequencing of the 2 × 250-base pair 
cartridges in the Illumina MiSeq platform (Illumina, 
CA). Read pairs were demultiplexed based on unique 
molecular barcodes added by PCR during library gen-
eration, then merged using USEARCH v7.0.1090.(20)

BIOINFORMATICS ANALYSIS
We randomly chose the reads from all samples with 

equal number, and operational taxonomic units (OTUs) 
were binned by the UPARSE pipeline.(21) Performance 
of the UPARSE pipeline was evaluated and compared 
with that reported for samples of the HMP data set. 
Merging allowed zero mismatches and a minimum 
overlap of 50 bases, and merged reads were trimmed at 
the first base with a Phred score (Q) ≤5. A quality filter 
was applied to the resulting merged reads, and those 
containing above 0.5% expected errors were discarded. 
Sets of sequences with at least 97% identified were 
defined as an OTU, and chimeric sequences were iden-
tified and removed using Uchime.(21) The taxonomy 
of each 16S rRNA gene sequence was analyzed using 
RDP Classifier (http://rdp.cme.msu.edu/) against the 
SILVA ribosomal RNA gene database using a confi-
dence threshold of 70%.(22) Rarefaction curves were 

http://rdp.cme.msu.edu/
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plotted for each sample to determine the abundance of 
communities and sequencing data of each sample.(23) 
Bacterial diversity was determined by sampling-based 
OTU analysis and presented by the Shannon index, 
Simpson index, and Chao index, which were calcu-
lated using the R program package vegan.(24) Beta 
diversity was assessed by unweighted and weighted 
UniFrac distance matrices and visualized by principal 
coordinate analysis (PCA), controlled by 103 jackknife 
replicates.(25) PCA was conducted using the R pack-
age (http://www.R-proje​ct.org/) to display microbiome 
space between samples. The weighted and unweighted 
UniFrac distances were calculated with the phyloseq 
package.(26) Statistically significant differences in the 
relative abundance of taxa associated with groups of 
patients were determined using linear discriminant 
analysis (LDA) effect size (http://hutte​nhower.sph.
harva​rd.edu/lefse/).(27) Only taxa with LDA  >  4 at 
P < 0.05 were considered significantly enriched.

STATISTICAL ANALYSIS
SPSS V.21.0 for Windows (SPSS, Chicago, IL) 

was used for all statistical analyses. One-way analysis 
of variance was used to evaluate differences among 
the three groups. Continuous variables were com-
pared using the Wilcoxon rank sum test between both 
groups. Fisher’s exact test compared categorical vari-
ables. P < 0.05 indicated a statistically significant result.

Results
CLINICAL CHARACTERISTICS OF 
PATIENTS AND FFPE SAMPLE

After strict inclusion and exclusion criteria, this 
study finally enrolled 28 patients with PLC from the 
Affiliated Tumor Hospital of Zhengzhou University, 
Henan Province. Clinical characteristics of the partic-
ipants in the discovery cohort, including age, sex, and 
medical history according to different pathological 
subtypes of PLC, are listed in Table 1, and the distri-
bution of the above indexes did not differ (P > 0.05). 
FFPE samples were obtained from surgical resection 
tissues of patients with PLC. Specimens were postop-
eratively staged by a dedicated pathologist according 
to the tumor, node, and metastasis (TNM) staging 
system(28) and American Joint Committee on Cancer 

stage groupings (I-IV). Matched tumoral and paratu-
moral areas were isolated from each FFPE peripheral 
zone of the PLC tissue samples with different patho-
logical subtypes (Fig. 1). When more tumoral foci 
were present, the more representative tumoral area 
was selected based on the highest grade.

ABUNDANCE OF CERTAIN 
MICROBES ALTERED IN THE 
TUMOR MICROENVIRONMENT

To investigate the intratumoral microbiome of 
patients with PLC, we compared alpha diversity 
between the tumor and the matched adjacent nontu-
mor tissues of FFPE samples. We found that microbial 
diversity, as estimated by the Sobs index, Chao index, 
Shannon index, and Simpson index, had nonsignificant 
differences in tumor tissues (Fig. 2A). A Venn diagram 
displaying the overlap between groups showed that 
588 of the total 1,075 OTUs were shared between the 
groups (Fig. 2B). Notably, 209 of 1,075 OTUs were 
unique for PLC. We then calculated beta diversity 
using unweighted UniFrac. PCA indicated a symmet-
rical distribution of the tumor-microbial community 
among all samples (Fig. 2C). To identify key OTU 
phylotypes in tumor tissues of patients with PLC, 
OTU abundances were analyzed by the Wilcoxon 
rank-sum test, using the Benjamini-Hochberg method. 
Results showed that bacterial phyla of Proteobacteria, 
Actinobacteria, Bacteroidetes, and Firmicutes, together 
accounting for up to 90% of sequences on average, were 
the four dominant populations in both tumor and the 
matched adjacent nontumor tissues (Fig. 2D). Average 
composition of the bacterial community at the genus 
level is shown in Fig. 2E. Unexpectedly, at the family 
or genera level, Pseudomonas was significantly decreased 
in tumor tissues, which might be due to its antitumor 
effects (Fig. 2G,I). Conversely, Rhizobiaceae at the fam-
ily level and Agrobacterium at the genus level were sig-
nificantly increased in tumor tissues (Fig. 2F,H).

MICROBIAL SIGNATURES REVEAL 
SIGNIFICANT CORRELATION 
WITH PROGNOSIS

To further explore the role of intratumoral micro-
bial composition in mediating clinical outcomes of 
patients with PLC, we then compared alpha and beta 
diversities between long- and short-term survivor 

http://www.R-project.org/
http://huttenhower.sph.harvard.edu/lefse/
http://huttenhower.sph.harvard.edu/lefse/
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groups and again revealed distinct tumoral micro-
biome profiles. We used a discovery cohort to com-
pare patients who were surgically resected and who 
survived more than 5 years after surgery (LTS) to 
stage-matched STSs who survived less than 5 years 
after surgery.(29) Analysis of beta diversity based 
on unweighted UniFrac distances showed that the 
microbiome of the LTS group was distinct from 
that of the STS group (P = 0.05; Fig. 3A), but alpha 
diversity between the two groups was nonsignificant 
(Supporting Fig. S2A). The key OTU phylotypes 
were analyzed using the Wilcoxon rank-sum test with 
the Benjamini-Hochberg method. The dominant 

populations of phyla were consistent with tumor-
adjacent pairs (Supporting Fig. S2B). The average 
composition of the bacterial community at the genus 
level is shown in Supporting Fig. S2C. In addition, 
Pearson correlation analyses across groups revealed 
a positive correlation between prognosis develop-
ment of patients with PLC and relative abundance 
increase of Pseudomonas at the family and genus lev-
els (Supporting Fig. 3B,C). At the family and genus 
levels, the Wilcoxon rank-sum test revealed a signif-
icant difference in the proportions of Pseudomonas 
between the two groups, indicating Pseudomonas as a 
critical factor influencing prognosis of patients with 

TABLE 1. CLINICOPATHOLOGICAL CHARACTERISTICS OF ALL PARTICIPANTS

Clinical and Pathological 
Indexes HCC (n = 11) ICC (n = 8) cHCC-ICC (n = 9) P Value

Age, years, median (range) 53.9 (37-67) 59.3 (50-74) 52 (33-66) 0.31

Sex (male/female) 6/5 3/5 8/1 0.08

Surgery date Jan 2015-June 2015 Mar 2015-Apr 2016 Feb 2015-Sept 2016

Postoperative survival, months, 
mean ± SD

37.00 ± 23.82 22.88 ± 17.22 21.67 ± 17.52 0.19

Hepatitis B, number 10 2 4 0.01

Liver cirrhosis, number 0 2 3 0.13

Lymphatic metastasis, number 1 3 1 0.23

FIG. 1. Histology of representative sections of tumor area (right, magnification ×5) and the matched adjacent nontumor area (left, 
magnification ×5) from different histopathological subtypes of PLC. The area plotted by the black dotted boxes in the middle column 
(magnification ×2) show the drillings for microbiome sequencing analysis.
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PLC (Fig. 3D,E). Furthermore, to identify the most 
relevant taxa responsible for the differences between 
clinical prognoses, we conducted high-dimensional 

class comparisons using liner discriminant anal-
ysis of effect size analysis,(27) which detected 
marked differences in the predominance of bacterial 

FIG. 2. Microbiota profiles between tumor tissues and the matched adjacent nontumor tissues. (A) Microbial diversity estimated by the 
Sobs index, Chao index, Shannon index, and Simpson index in samples of each group of patients. (B) Venn diagram displaying the degree 
of overlap of bacterial OTUs between the tumor and paratumor groups. (C) PCA of bacterial beta diversity based on unweighted UniFrac 
distances. Composition of microbiota at the (D) phylum level and (E) genus level between the two groups. (F-I) The increased microbial 
community at the (F) family level and (H) genus level and the decreased microbial community at the family level (G) and genus level (I) 
in tumor tissues versus the matched paratumor tissues. Values in (A) and (F-I) are expressed as mean (box) ± SEM; *P < 0.05, paired t 
test). Abbreviations: f, family; g, genus.
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communities between LTSs and STSs (Supporting 
Fig. S2D,E). LTS tumors exhibited a predominance 
of Pseudomonas, Thermomonas, Paraprevotellaceae, and 
other bacteria at the family or genus level. In contrast, 
the PLC STS cases were dominated by Enhydrobater, 
Lachnospiraceae, and Deltaprotepbacteria at the matched 
level (Supporting Fig. S2D,E). Results obtained from 
all these approaches confirmed the underlying criti-
cal communications between microbiota in the tumor 
microenvironment and clinical prognosis.

DIFFERENT PATHOLOGICAL 
SUBTYPES OF PLC HAVE 
A DISTINCT MICROBIAL 
COMPOSITION

For characterization of the microbiome associated 
with different histopathological subtypes of PLC, 
we then compared alpha diversity among the HCC, 

iCCA, and cHCC-CCA groups. We found a signif-
icant decrease in bacterial richness cHCC-CCA and 
a nonsignificant difference between HCC and iCCA 
(Fig. 4A). The number and identity of shared OTUs 
were evaluated through a Venn diagram. Overlap 
between groups showed that 295 of the total 797 
OTUs were shared among the three groups (Fig. 
4B); 80 of 458 OTUs were unique for the cHCC-
CCA group, and the OTU number was significantly 
lower than the HCC and iCCA groups. To display 
microbiome space between samples, beta diversity was 
calculated using weighted UniFrac, and PCA anal-
ysis indicated a symmetrical distribution of tumor 
microbial community among all samples of different 
histopathological subtypes of PLC (Fig. 4C). Results 
revealed that the microbiome of the HCC group 
was significantly different from that of the iCCA 
and cHCC-CCA groups (analysis of similarities all 
r2 = 0.156, P = 0.024).

FIG. 3. The intratumoral microbiota profile differs in LTSs (red) and STSs (blue). (A) Beta diversity was calculated using the unweighted 
UniFrac by PCA; this indicated a symmetrical distribution of the tumor microbial community between the LTS and STS groups 
(P = 0.050). Pearson correlation between prognosis development and relative abundance of Pseudomonas at the (B) family and (C) genus 
levels in patients with PLC (P = 0.0003, P = 0.0003, respectively). Significantly altered intratumoral microbiota between the LTS and STS 
groups at (D) family and (E) genus levels was indicated by the Wilcoxon rank-sum test. Abbreviations: f, family; g, genus.
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PHYLOGENETIC PROFILES 
OF TUMOR MICROBIAL 
COMMUNITIES IN DIFFERENT 
HISTOPATHOLOGICAL SUBTYPES 
OF PLC

Phylotypes with a median relative abundance larger 
than 0.01% of total abundance were included for com-
parison, and the key OTU phylotypes were analyzed 
using the Wilcoxon rank-sum test with the Benjamini-
Hochberg method. Bacterial phyla of Proteobacteria, 
Actinobacteria, Bacteroidetes, and Firmicutes, together 
accounting for up to 90% of sequences on average, were 
the four dominant populations in three groups (Fig. 

5A). Average composition of the bacterial community of 
dominant populations at the genus level is shown in Fig. 
5B. Analysis by the Wilcoxon rank-sum test screened 
out the bacteria whose mean proportion difference was 
most striking at the family and genus levels. Results 
suggested that the bacterial community with the high-
est mean proportions were all Enterobacteriaceae species 
at the family and genus levels among the three different 
histopathological subtypes of PLC. Compared with the 
iCCA and cHCC-CCA groups, the mean proportions 
of Enterobacteriaceae at the family level were signifi-
cantly increased in HCC (by up to 10%; P = 0.0132), 
but there was a nonsignificant difference between iCCA 
and cHCC-CCA (Fig. 5C). In contrast, the mean 

FIG. 4. Intratumoral microbial diversity in different histopathological subtypes of PLC. (A) Microbial alpha-diversity estimated by the 
Sobs index, Chao index, Shannon index, and Simpson index in samples of each group of patients (*P < 0.05, **P < 0.01). (B) Venn diagram 
displaying the overlap between groups showed that 295 of the total richness of 797 OTUs were shared among the three groups, while only 
80 of 458 OTUs were unique for the cHCC-CCA group. (C) PCA of bacterial beta diversity based on unweighted UniFrac distances 
among the three groups.
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proportions of Caulobacteraceae and Rickettsiaceae at the 
family level were significantly decreased in the cHCC-
CCA group (all P < 0.05). Correspondingly, the mean 
proportions of Enterobacteriaceae and Blastomonas at 
the family and genus levels were significantly increased 
in HCC, but the mean proportion of Wolbachia was 

significantly decreased in cHCC-CCA (all P  <  0.05; 
Fig. 5D). However, Pearson correlation analyses 
across groups revealed that the relative abundance of 
Enterobacteriaceae was not significantly correlated with 
the prognosis of patients with PLC at the family and 
genus levels (Fig. 5E,F).

FIG. 5. Phylogenetic profiles of intratumoral microbes among patients with HCC (n = 11), patients with iCCA (n = 8), and patients with 
cHCC-CCA (n = 9). Composition of tumor microbiota at the (A) phylum level and (B) genus level among the three groups. Significantly 
altered intratumoral microbiota among the three groups at the (C) family and (D) genus levels was shown by the Wilcoxon rank-sum test. 
Pearson correlation between prognosis development and relative abundance of Enterobacteriaceae at the (E) family and (F) genus levels of 
patients with PLC (P = 0.11, P = 0.64, respectively). Abbreviations: f, family; g, genus.
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Discussion
Symbiotic relationships between human and 

microbes have been studied for many years, and the 
concept of the gut microbiome serving as a tool toward 
targeted noninvasive biomarkers for specific diseases 
or cancer has been established by compelling stud-
ies. Previous studies on PLC from a microbial angle 
were mainly to investigate the interrelations between 
gut microbiota and PLC through the gut–liver axis. 
However, this indirect research has limitations and 
low concordance, which is a pervasive challenge that 
limits the capacity to identify causal relationships 
between host-associated microorganisms and pathol-
ogy.(30,31) Researchers suggest that human participants 
with a disease vary from healthy controls in critical 
microbiota-associated variables that confound micro-
biota analyses to produce spurious microbial associ-
ations with human diseases.(30) In addition, recent 
studies that have examined the role of microbiota in 
human tumors through postoperative specimens or 
serum samples can directly reflect the tumor micro-
bial characteristics but cannot be effectively linked 
to prognosis.(32-35) Compared to the gut microbiome, 
postoperative specimens, and serum samples, patho-
logical FFPE tissue samples have the advantages of 
a long preservation time and enabling retrospective 
analysis at any time. Thus, FFPE samples represent 
the largest collection of patient material and are cur-
rently recognized as a viable source material for bac-
terial analysis.(11,36)

The microbiota can exert regulatory effects in other 
sites beyond the gut. In this study, we have character-
ized for the first time the tumor microbiome of FFPE 
samples from patients with PLC with different prog-
noses and different histopathological subtypes by using 
16S rRNA MiSeq sequencing. We found that micro-
bial diversities, including alpha and beta diversity, and 
the dominant populations have nonsignificant differ-
ences between tumor tissues and the matched adja-
cent nontumor tissues; this may be attributed to their 
homogeneous microenvironment. Interestingly, some 
specific bacteria that have antitumor effects, such as 
Pseudomonadaceae, were significantly decreased in 
tumor areas of the FFPE samples and were positively 
and linearly associated with the prognosis of patients 
with PLC. Furthermore, the microbial diversities were 
significantly different between LTS and STS groups. 
This indicates that an altered or “dysbiotic”(37) tumor 

microbiota may be involved in a poor prognosis. In 
clinical applications, Pseudomonas aeruginosa injec-
tion, made from an inactivated mutant strain of P. 
aeruginosa (PA-MSHA), recently has become a type 
of therapeutic biological product approved in China 
for adjuvant treatment of patients with malignant 
tumors.(38-40)

Our study represents the first report to explore 
the influence of the intratumoral microbiota on dif-
ferent histopathological subtypes of PLC through 
FFPE samples. PLC mainly refers to malignancies 
that originate from HCC, which accounts for the 
majority of PLCs, iCCA, and cHCC-CCA, and 
the three PLC subtypes are significantly different 
in terms of pathogenesis, biological behavior, his-
tological morphology, treatment, and prognosis. 
Traditional morphopathology primarily emphasizes 
qualitative diagnosis of PLC, which is not sufficient 
to resolve the major concern of increasing the long-
term treatment efficacy of PLC in clinical man-
agement.(41) Therefore, it is necessary to establish a 
novel microbial typing system specific for PLC. In 
our study, a total of 28 FFPE samples from differ-
ent histopathological subtypes of PLC were selected 
and analyzed using 16S rRNA MiSeq sequencing. 
The results displayed a significant decrease in alpha 
diversity and unique OTUs in cHCC-CCA groups, 
accompanied by lower species diversity, richness, 
and evenness of microbial communities. Results 
indicated a significant global shift in intertumoral 
microbiota from a single-type tumor to combined 
tumor, and the altered microbial community might 
play an important role during cHCC-CCA ini-
tiation and development. Notably, analysis of beta 
diversity showed there were close correlations 
between the microbiome profiles of the iCCA and 
cHCC-CCA groups compared with the HCC group 
and that the HCC group exhibited unique bacterial 
biomarkers, such as Enterobacteriaceae. The result 
of the PCA analysis is consistent with the World 
Health Organization classification of digestive sys-
tem tumors,(42) which differs slightly from an earlier 
classification(43) in that iCCA and cHCC-CCA are 
now included within the category of malignant bil-
iary tumors; this distinguishes those diseases from 
HCC, which is categorized as malignant hepatocel-
lular tumors.(44) cHCC-CCA is defined as a PLC 
showing unequivocal presence of both hepatocytic 
and cholangiocytic differentiation in the same tumor; 
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the two components histologically can either be jux-
taposed with or intermingled with each other.(45) A 
previous study demonstrated that the genetics of 
cHCC-CCA was closer to iCCA than HCC.(46) 
Indeed, the PCA analysis of the tumor microbiome 
in our study displayed consistent findings and is the 
first report to classify the different subtypes of PLC 
by their respective intratumoral microbial character-
istics. Based on the discovered microbial biomark-
ers, patients with PLC could be classified with high 
sensitivity and specificity.

Although our study is limited by its retrospective 
nature and the absence of healthy controls for com-
parison, our findings have sufficiently illustrated the 
intratumoral microbial characteristics and crucial bac-
terial candidates that contribute to tumor develop-
ment in the different prognoses and histopathological 
subtypes of PLC. The discriminatory power of these 
candidate biomarkers paves the way for establishing 
intratumoral microbiome tests for clinical diagnostic 
and prognostic screening for PLC. Thus, we propose 
that intratumoral microbiota-targeted biomarkers may 
become a potential noninvasive tool for the patholog-
ical diagnosis of PLC. Additional large cohort studies 
are needed to determine chronological order and to 
evaluate microbial characteristic changes in patients 
with PLC. The cross-sectional nature of the pres-
ent study prevented us from elucidating the mecha-
nisms and longitudinal view of relevance. Ultimately, 
understanding the intratumoral microbiota dynamics 
of liver carcinogenesis and development may provide 
novel diagnostic biomarkers and improve the progno-
sis for PLC.
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