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Percutaneous liver biopsy: another option of hepatic sample 
collection approach in single-cell sequencing studies?
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In this era of precision medicine, single-cell RNA 
sequencing (scRNA-seq), with the advantage of developing 
personalized phenotyping strategies that cross subcellular, 
cellular, and tissue scales to link our genome to disease 
pathogenesis, has been widely used in the transcriptomic 
landscape of various human organs, such as kidney (1),  
brain (2), liver (3,4) and so on, but the sample collection 
plan for scRNA-seq in human liver disease is still under 
heated debate. Writing in Nature, Ramachandran 
et al. (5) firstly used scRNA-seq to uncover newly-
defined scar-associated TREM2+CD9+ macrophage and 
ACKR1+PLVAP+ endothelial cell subpopulations in the 
cirrhotic liver tissue obtained from liver transplantation, 
and dissected a complex, pro-fibrotic interactome between 
these cells and the collagen producing myofibroblasts. 
These intra-scar pathways represent a rational approach to 
the discovery of novel anti-fibrotic treatments for patients 
with chronic liver disease.

In this first study exploring non-hepatocellular human 
liver disease by scRNA-seq, the action of obtaining non-
ischemic cirrhotic liver tissue from patients undergoing 
orthotopic liver transplantation has been validated, with 
safety and ethics. Notably, using this sample collection 
approach, Ramachandran and colleagues could obtain a 
wedge biopsy of sample (2–3 grams), which included large-
enough cellular contents. 

Since the majority of patients with cirrhosis waiting 
for liver transplantation are decompensated (6), it is 

inevitable that only end-stage liver disease (ESLD) will 
be included in this program, which implies that their 
dissection may suffer from bias. Findings in the past decade 
also suggest that decompensated cirrhosis is characterized 
by exuberant systemic inflammation, in which several 
vasoactive molecules and inflammatory cytokines, such 
as nitric oxide (NO) and tumor necrosis factor (TNF) 
alpha may contribute to changes in the endothelium (7,8). 
Analogously, previous studies reported that plasma from 
patients with ESLD significantly changed the function 
of monocyte-derived macrophages in a prostaglandin 
E2 (PGE2) receptor-dependent manner, effects not seen 
in compensated cirrhosis (9). Therefore, it is difficult to 
rule out the possibility that decompensated status may 
alter the phenotype of macrophage and endothelial cell 
subpopulations in the fibrotic niche.

On another perspective, the main outcome monitored 
in Ramachandran and colleagues’ study was the branching 
differentiation trajectory from peripheral blood monocytes 
into scar-associated macrophages, whilst the authors 
did not successfully trace the origin of scar-associated 
endothelial cells. In this study, trajectory analysis showed 
poor pseudotemporal dynamics between scar-associated 
endothelial cells and any other phenotype of hepatic 
endothelial cells. The reason may be the absence of multiple 
stages of hepatic fibrosis, such as significant fibrosis. 
Another scRNA-seq study uncovered the gene expression 
of non-parenchymal cells (NPCs; including endothelial 
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cells) in non-cirrhotic nonalcoholic steatohepatitis by 
using rodent models (10). Unfortunately, the unique 
markers of scar-associated endothelial cells, ACKR1 and 
PLVAP were not reported in this study. Considering the 
interspecific differences, comparatively continuous waves of 
gene expression identified by multistage biopsy of human 
liver might be required to dissect the founder cell of scar-
associated endothelial cells. 

Several unbiased sample collection approaches are 
open for future study. In this regard, we recommend that, 
after pathological examination for the primary purpose of 
diagnosis, the remaining liver biopsy specimens can be used 
for scRNA-seq. The idea behind percutaneous needle biopsy 
for procurement of clinical hepatic samples comes from high-
quality scRNA-seq research in the field of kidney disease (1).  

According to the research published by Der et al. (1),  
tissue samples were obtained from patients undergoing 
clinically indicated renal biopsy and all patients provided 
informed consent concerning the use of renal samples for 
further research purposes. In terms of feasibility, the authors 
specified that the mean tissue mass of renal biopsy was 3 mg 
(2–5 mg) and after filtering out abnormal cells from 21 renal 
tissue samples, 4,019 cells were included and sufficient for 
downstream bioinformatics analysis. With reference to Der 
and colleagues’ study, we have designed a future direction 
and summarized the current approach (Figure 1). 

Ramachandran and colleagues’ study provided insight 
into a complex, orchestrated interplay between multiple 
nonparenchymal cell lineages including immunological, 
endothelial and mesenchymal cells. However, considering 

Figure 1 Sample collection approach for single-cell RNA sequencing (scRNA-seq) in human liver disease. Ramachandran et al. (5) 
uncover newly-defined scar-associated macrophage and endothelial cell subpopulations in the cirrhotic liver tissue obtained from liver 
transplantation. (A) In this study, liver tissue was obtained from patients undergoing orthotopic liver transplantation. However, the majority 
of patients with cirrhosis waiting for liver transplantation are decompensated. Since decompensated status and its concomitant systemic 
inflammation may alter the phenotype of macrophage and endothelial cell, it is difficult to rule out the bias from this sample collection 
process. (B) Percutaneous liver biopsy could perhaps lessen the bias. Such an approach might be used for both decompensated and 
compensated chronic liver disease. Specifically, the indications of biopsy need to be identified by serological markers, imaging techniques 
and clinical symptoms. All patients should provide informed consent to ensure that the approach is ethical. After percutaneous liver biopsy, 
histological assessment was performed as the gold standard for pathological diagnosis and the remaining tissue would be then transported to 
the laboratory for single-cell analyses and other concomitant assays (such as scRNA-seq, spatial transcriptomics and proteomics).
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that hepatic samples from ESLD may lead to bias, further 
single-cell studies are recommended to validate the 
pathogenesis of hepatic fibrosis in liver biopsy samples. 
In addition, since some clinical trials were dual-biopsy to 
assess the efficacy of interventions (11,12), the remaining 
hepatic samples could be used for scRNA-seq to elucidate 
pharmacological actions and mechanisms of drug resistance. 
With the emergence and development of early diagnostic 
techniques, interest in asymptomatic or compensated 
chronic liver disease has been gaining momentum. Thus, 
there is no doubt that percutaneous liver biopsy has great 
applicable potential in the mechanism research of human 
liver diseases at a single-cell level. 
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