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Very recently, we creatively put forward a new classification for ACLF patients, which lays the 
foundation for the establishment of prognostic model that can accurately predict the prognosis of 
ACLF patients. Herein, we found: galectin-3 levels were higher in type A ACLF patients compared to 
those of type B patients; galectin-3 expression was closely correlated with TBil, PTA/INR and MELD; 
galectin-3 is an independent predictive factor for rapid progression in ACLF, and exhibited superior 
predictive value for the prognosis of type A ACLF patients than MELD score; and the survival rate was 
remarkably higher in ACLF patients with lower galectin-3 expression. Collectively, galectin-3 can be 
considered as a non-invasive biomarker to predict the prognosis of ACLF patients with new typing. Our 
findings help advance the time window of prognosis prediction for type A and type B ACLF patients 
from 4 weeks to the baseline, thereby identifying ACLF patients who really need liver transplantation 
earlier and improving the survival of ACLF patients.
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Acute-on-chronic liver failure (ACLF) refers to acute decompensation occurring in the setting of chronic liver 
diseases, such as chronic hepatitis, fibrosis or cirrhosis. The typical clinical manifestations commonly present 
in ACLF patients include jaundice, ascites, coagulation dysfunction, hepatorenal syndrome, and hepatic 
encephalopathy1,2. ACLF patients are often accompanied by multiple organ failure with rapid progression and 
high short-term mortality (50-70%)3. Liver transplantation is the only radical treatment for ACLF patient, 
however, it is faced with the challenge of severe shortage of liver source4. Therefore, how to screen patients for 
liver transplantation and determine the timing of transplantation is very important. For patients with ACLF, 
it is pivotal to determine which patients need liver transplantation early and which patients can wait for liver 
cell regeneration. The accurate judgment of the timing of liver transplantation is also very critical, because the 
implementation of liver transplantation too early or too late will lead to the waste of liver source or reduce the 
efficacy of liver transplantation. In view of this, early and accurate prediction of the prognosis of ACLF patients 
is of great significance for rational formulation of hierarchical diagnosis and treatment strategies (including 
whether to undergo liver transplantation) and improvement of the survival rate of patients.

What calls for special attention is that ACLF represents an extraordinarily dynamic syndrome, and the 
clinical course patterns of ACLF patients can be classified into the followings: resolution or improvement, steady 
or fluctuating, and worsening. Remarkably, it has been reported that the resolution occurs in 42.5% of ACLF 
patients5. In this regard, early and accurate identification of ACLF patients who are likely to recover can avoid 
unnecessary liver transplantation and lifelong immunosuppressive therapy.

Currently, a variety of scoring systems have been used to assess the severity of ACLF patients and judge the 
prognosis of ACLF patients6–8. Nevertheless, there are still divergence in the definition and diagnosis of ACLF 
in the domestic and overseas, which brings about the diversity and disagreement in the scoring systems for the 
prognosis of ACLF patients. Importantly, the disease evolution of ACLF is a dynamic process5, which means 
that the prognosis of patients should be judged based on the dynamic changes of key clinical and biochemical 
indicators and the clinical outcome of patients should be taken into account. Unfortunately, most scoring 
systems utilize 28d or 90d mortality as an end-point index for ACLF patients, and are developed based on the 
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baseline clinical and laboratory indicators at diagnosis (single time-point), which cannot reflect the dynamic 
course of ACLF.

Very recently, we innovatively put forward a new dynamic classification for ACLF patients based on a 
multicenter, large-scale, retrospective study9. According to this new typing, ACLF patients was stratified based 
on the dynamic changes of bilirubin and coagulation function indicators. Especially, the novel classification took 
into account the relationship between the disease progression and the prognosis, and included the prognosis 
into the classification. ACLF patients can be classified into five types in the light of this novel criteria: type A 
(rapid progression), type B (rapid recovery), type C (slow progression), type D (slow recovery), and type E 
(slow persistence). This dynamic typing has been validated in a prospective cohort (unpublished data). Our new 
typing will aid in the development of more practical predictive scoring models, thereby laying the foundation for 
making appropriate treatment strategies. In this setting, screening out the indicators that can accurately predict 
the prognosis of ACLF patients with new typing at the early stage has important clinical significance for the 
treatment of ACLF patients, especially whether to undergo liver transplantation.

Galectin-3 (Gal-3) is a member of galectin family, which are small proteins that play a variety of functions 
by interacting with glycoproteins and glycolipids10. Galectin-3 has been confirmed to hold a pivotal place in 
the pathogenesis of multiple human diseases, such as cardiovascular diseases11,12, nervous system diseases13,14, 
metabolic diseases15, and liver diseases16. Most recently, we have demonstrated that galectin-3 critically mediates 
the hepatoprotection conferred by M2-like macrophages in ACLF through inhibiting pyroptosis but not 
necroptosis signaling17. Nevertheless, whether galectin-3 can be used as a prognostic predictor in ACLF patients 
with new typing remains to be confirmed.

To clarify this issue, we first measured the expression of galectin-3 in ACLF patients with different types; then, 
we analyzed the correlation between galectin-3 and the indexes reflecting disease severity of ACLF patients; 
next, we investigated the predictive power of galectin-3 for type A ACLF patients; finally, we compared the 
survival rates between ACLF patients with high or low expression of galectin-3. Our findings will help to predict 
the prognosis of ACLF patients with new typing at an earlier and more accurate manner.

Materials and methods
Ethics approval
Human studies were reviewed and approved by the Clinical Research Ethics Committee of Beijing YouAn 
Hospital, Capital Medical University (LL-2021-133-K) according to the Declaration of Helsinki. Informed 
consent was obtained from all participants.

Study subjects
This prospective study consecutively recruited 87 patients with ACLF who were admitted to the Fourth 
Department of Beijing YouAn Hospital, Capital Medical University from September 2020 to June 2022. The 
diagnosis of ACLF was made according to APASL recommendation18. Subjects fulfilled the following criteria 
were enrolled: acute decompensation of liver function in the setting of chronic liver disease (namely, chronic 
hepatitis, compensated or decompensated cirrhosis), manifested by jaundice and coagulation dysfunction, 
and complicated within 4 weeks by ascites and/or encephalopathy. (1) rapid progression of jaundice, serum 
total bilirubin (TBil) ≥ 5 mg/dl or 85µmol/L; (2) coagulation dysfunction, prothrombin activity (PTA) ≤ 40%, 
or international normalized ratio (INR) ≥ 1.5. We excluded the following subjects: (1) liver cancer or other 
malignant tumors; (2) chronic obstructive pulmonary disease, severe pneumonia, and other severe respiratory 
diseases; (3) coronary heart disease, cardiomyopathy, and other serious cardiovascular diseases; (4) metabolic 
diseases with serious complications such as diabetes and hyperthyroidism; (5) severe hematological diseases; (6) 
chronic kidney disease with renal failure; and (7) pregnancy.

Data collection
The demographic and clinical information of enrolled subjects were collected at admission. Laboratory 
data were gathered prospectively at admission and during the followed-up period (3d, 1w, 2w, 3w, 4w, and 
before liver transplantation). Data assessed in this study were detailed in Table  1. Model for end-stage liver 
disease (MELD) score was calculated according to the following equation: MELD = 3.78×ln[TBil (mg/
dl)] + 11.2×ln(INR) + 9.57×ln[Cr (mg/dl)] + 6.43.

Sample processing and laboratory test
Blood samples were centrifuged at 2,000 rpm for 15 min, and the plasma was harvested and stored at -80℃ 
until analysis. All laboratory parameters were measured using standard automated methods and commercially 
available kits according to the manufacturers’ protocols.

Enzyme-linked immunosorbent assay (ELISA)
The plasma levels of galectin-3 were measured using the commercial Human galectin-3 Quantikine ELISA Kit 
(R&D) according to the manufacturers’ instructions.

Statistics
Continuous variables were expressed as mean ± standard error of the mean (SEM) or median (Min, Max), and 
categorical variables were expressed as frequencies or percentages. Comparisons between the two variables were 
carried out using the student t-test or Mann-Whitney test for continuous variables and the Chi-Squared test or 
Fisher exact test for categorical variables. Comparisons among multiple variables were carried out using ANOVA 
followed by Tukey’s multiple comparison test. Linear correlation analysis (Pearson correlation analysis) was used 
to analyze the correlation between the two continuous variables. The diagnostic value of plasma biomarker was 
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evaluated by the receiver operating characteristic (ROC) curve and area under the curve (AUC). The Kaplan-
Meier survival curve was used to compare the outcomes of patients between the two groups. SPSS 22.0 and 
GraphPad Prism 9 software were used for statistical analysis and mapping of data. P < 0.05 was considered to be 
statistically significant.

Results
Characteristics of the study subjects
Table 1 listed the information on the demographic and clinical characteristics as well as laboratory data of the 
study cohort. The majority (87.4%) of ACLF patients were male, HBV infection was the most common (57.5%) 
etiology of ACLF patients. Nearly half of all patients developed compensated cirrhosis. Eighty-seven patients 
were divided into five types according to our new typing, namely, type A (rapid progression), 22(25.3%); type B 
(rapid recovery), 36(41.4%); type C (slow progression), 11(12.6%); type D (slow recovery), 9(10.3%); and type E 
(slow persistence), 9(10.3%). Type A and type B patients accounted for two-thirds of all ACLF patients. In view 
of the rapid change in clinical course of type A and type B ACLF patients, it is urgently needed for these two 
types of ACLF patients to make treatment decisions quickly. Therefore, we enrolled only these two types of ACLF 
patients in subsequent tests and analyses.

Characteristicsa All Type A: rapid progression Type B: rapid recovery p valueb

n = 87 n = 22 (25.3%) n = 36 (41.4%)

Male, n (%) 76 (87.4) 20 (90.9%) 34 (94.4%) 0.630

Age (years) 46 (35 ~ 55) 47.0 (37.5 ~ 56.0) 44.5 (34.0 ~ 55.0) 0.495

Chronic liver disease

 (1) Etiology, n (%) 0.014

  HBV 50 (57.5) 18 (81.8) 15 (41.7)

  Alcohol 16 (18.4) 3 (13.6) 9 (25.0)

  HBV + Alcohol 10 (11.5) 0 (0) 8 (22.2)

  ALD 5 (5.7) 0 (0) 2 (5.6)

  Others 6 (6.9) 1 (4.5) 2 (5.6)

 (2) Severity, n (%) 0.204

  Without cirrhosis 22 (25.3) 5 (22.7) 12 (33.3)

  Compensated cirrhosis 42 (48.3) 8 (36.4) 17 (47.2)

  Decompensated cirrhosis 23 (26.4) 9 (40.9) 7 (19.4)

Laboratory test

 ALT (U/L) 151.0 (53.0 ~ 530.0) 101.5 (58.0 ~ 469.5) 261.0 (54.8 ~ 691.3) 0.276

 AST (U/L) 167.0 (99.0 ~ 398.0) 154.5 (98.0 ~ 340.5) 172.0 (108.3 ~ 517.0) 0.619

 ALP (U/L) 147.0 (129.0 ~ 200.0) 143.5 (132.5 ~ 205.5) 148.5 (130.8 ~ 202.3) 0.885

 GGT (U/L) 84.0 (50.0 ~ 164.0) 74.0 (48.8 ~ 125.5) 98.0 (66.0 ~ 174.5) 0.120

 TBil (µmol/L) 374.9 (189.5 ~ 531.3) 477.4 (277.8 ~ 669.6) 266.6 (184.9 ~ 512.6) 0.022

 CHE (U/L) 2862.0 (2117.0 ~ 3688.0) 2543.9 ± 1246.8 3203.9 ± 1052.7 0.035

 PTA (%) 35.0 ± 12.5 27.2 ± 12.4 40.3 ± 10.5 0.000

 INR 2.1 (1.8 ~ 2.8) 3.0 (2.2 ~ 4.0) 2.0 (1.7 ~ 2.3) 0.000

 Cr (µmol/L) 65.0 (54.0 ~ 80.0) 64.5 (48.0 ~ 75.6) 67.5 (54.3 ~ 80.3) 0.297

 Na+ (mmol/L) 137.1 (134.1 ~ 138.9) 134.1 ± 5.9 136.8 ± 3.5 0.036

 WBC (×109/L) 7.1 (5.2 ~ 11.8) 10.2 (5.6 ~ 14.3) 6.1 (5.2 ~ 8.4) 0.053

 N% 71.9 (65.0 ~ 83.0) 80.4 (67.6 ~ 86.3) 69.6 (63.7 ~ 77.2) 0.043

 PLT (×109/L) 102 (71 ~ 153) 88.5 ± 53.0 135.2 ± 63.5 0.006

 AFP (ng/mL) 26.3 (5.35 ~ 143.0) 12.5 (5.3 ~ 47.6) 55.2 (8.2 ~ 182.0) 0.089

 MELD score 23.5 (19.6 ~ 28.0) 27.2 ± 7.6 22.5 ± 5.0 0.016

Table 1.  Characteristics of the study subjects. ALD autoimmune liver disease, AFP alpha-fetoprotein, ALT 
alanine aminotransferase, ALP alkaline phosphatas, AST aspartate aminotransferase, CHE cholinesterase, 
Cr creatinine, GGT gamma-glutamyl transferase, HBV hepatitis B virus, INR international normalized ratio, 
MELD model for end-stage liver diseas, N% the percentage of neutrophile granulocytes, PLT platelet, PTA 
prothrombin activity, TBil total bilirubin, WBC white blood cell count. aContinuous variables were expressed 
as mean ± standard error of the mean (SEM) or median (Min, Max), and categorical variables were expressed 
as frequencies or percentages. bComparisons between the two variables were carried out using the student 
t-test or Mann-Whitney test for continuous variables and the Chi-Squared test or Fisher exact test for 
categorical variables.
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Higher levels of galectin-3 are noticed in type A ACLF patients
We first detected and compared the plasma levels of galectin-3 between type A and type B ACLF patients. 
According to our data, the plasma concentrations of galectin-3 were significantly higher in type A patients 
than those in type B patients [18.59 (13.59 ~ 23.74) vs. 10.43 (6.96 ~ 14.55) ng/ml] (p = 0.0004). In addition, 
we analyzed the galectin-3 expression in subgroups classified by different etiology and cirrhosis status. And 
no significant difference was found in the levels of galectin-3 between ACLF patients with different etiology or 
cirrhosis status. Therefore, type A ACLF patients exhibit higher levels of galectin-3 (Fig. 1).

Galectin-3 expression is correlated with disease severity of ACLF patients
Next, we analyzed the correlation between galectin-3 and TBil, PTA/INR or MELD, these indicators have been 
utilized to assess the disease severity and classify ACLF patients. As shown in Fig. 2, galectin-3 levels manifested 
positive correlations with TBil (r = 0.444, p < 0.001), INR (r = 0.381, p = 0.003) and MELD score (r = 0.523, 
p < 0.001), but were negatively correlated with PTA (r=-0.31, p = 0.018), suggesting that galectin-3 expression 
may be closely related to the disease severity of ACLF patients.

Galectin-3 predicts the rapid progression in ACLF patients
We then conducted Cox univariate and multivariate analysis to screen out the predictive factors for rapid 
progression in ACLF patients. According to univariate analysis, TBil, PTA, INR, Na, WBC, PLT, galectin-3 and 
MELD were associated with rapid progression in ACLF patients (Table 2). Multivariate analysis showed that only 
galectin-3 was associated with rapid progression in ACLF patients [HR:1.05 (1.00-1.10), p = 0.0368] (Table 2). 
These findings suggest that galectin-3 is an independent factor for predicting the rapid progression in ACLF.

We also evaluated the probability of galectin-3 to predict the occurrence of type A (rapid progression) ACLF 
by ROC curve analysis. As shown in Table 3; Fig. 3, galectin-3 had the ability to predict the rapid progression in 
ACLF patients with the AUC value of 0.792. Subsequently, we calculated the Youden index, and identified the 
optimal cut-off of 16.0 ng/ml for predicting the occurrence of type A ACLF. Of note, galectin-3 exhibited a better 
prognostic efficacy for the occurrence of type A ACLF than MELD score (AUC 0.792 vs. 0.697) (Table 3). Hence, 
galectin-3 can be utilized to predict the occurrence of type A ACLF.

Fig. 1.  The plasma levels of galectin-3.
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ACLF patients with higher expression of galectin-3 exhibit poorer survival
Finally, we evaluated the capability of galectin-3 to distinguish survival or death in ACLF patients (type A 
and type B). To this end, ACLF patients were divided into two groups based on the cut-off of galectin-3: high 
expression (≥ 16.0 ng/ml) and low expression (< 16.0 ng/ml), and Kaplan-Meier survival analysis was performed. 
As manifested in Fig.  4, the survival rate was evidently lower in ACLF patients with higher expression of 

Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Gender 1.16 (0.27–4.99) 0.834

Age 1.01 (0.98–1.04) 0.601

ALT 0.99 (0.99-1.00) 0.183

AST 0.99 (0.99-1.00) 0.360

ALP 0.99 (0.99-1.00) 0.529

GGT 0.99 (0.99-1.00) 0.673

TBil 1.00 (1.00–1.00) 0.021 1.00 (0.99-1.00) 0.184

CHE 0.99 (0.99-1.00) 0.056

PTA 0.91 (0.87–0.95) < 0.001 0.95 (0.87–1.04) 0.291

INR 2.58 (1.78–3.74) < 0.001 1.87 (0.72–4.91) 0.201

Cr 1.00 (0.98–1.02) 0.912

Na+ 0.91 (0.84–0.99) 0.033

WBC 1.09 (1.04–1.15) 0.001

N% 1.02 (0.99–1.06) 0.231

PLT 0.99 (0.98-1.00) 0.016

AFP 0.99 (0.99-1.00) 0.363

MELD 1.13 (1.06–1.22) < 0.001 0.94 (0.85–1.05) 0.288

Galectin-3 1.07 (1.03–1.11) < 0.001 1.05 (1.00-1.10) 0.037

Table 2.  Galectin-3 is an independent factor for predicting the rapid progression of ACLF patients.

 

Fig. 2.  The correlation between galectin-3 expression and disease severity indexes.
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Fig. 4.  Kaplan-Meier plots of survival probability in patients with ACLF.

 

Fig. 3.  The predictive power of galectin-3, MELD, and galectin-3 + MELD for the rapid progression of ACLF 
patients.

 

Variables AUC 95% CI P value

Galectin-3 0.792 0.668 ~ 0.914 0.000

MELD 0.697 0.547 ~ 0.843 0.013

Galectin-3 + MELD 0.802 0.678 ~ 0.923 <0.001

Table 3.  The predictive power of galectin-3, MELD, and galectin-3 + MELD for the rapid progression of ACLF 
patients.
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galectin-3 (p < 0.001). Consequently, galectin-3 can be utilized to distinguish survival and death in type A and 
type B ACLF patients.

Discussion
In the present work, we evaluated the potential of galectin-3 for predicting the prognosis of ACLF patients 
classified by new typing. And we found: (1) galectin-3 levels are higher in type A ACLF patients compared to 
those of type B ACLF patients; (2) the expression of galectin-3 is closely correlated with TBil, PTA/INR and 
MELD score; (3) galectin-3 is an independent predictive factor for rapid progression in ACLF; (4) galectin-3 
exhibits superior predictive value for the occurrence of type A ACLF patients than MELD score; and (5) the 
survival rate is remarkably higher in ACLF patients with lower galectin-3 expression. Collectively, galectin-3 can 
be considered as a non-invasive biomarker to predict the prognosis of ACLF patients classified by new typing. 
As far as our information goes, this is the first work to evaluate the potential of galectin-3 for predicting the 
prognosis of ACLF patients with new typing.

In the last decade, various international consortia have defined ACLF differently, depending on the nature of 
acute insult, the stage of the underlying chronic liver disease (CLD), and the resulting organ failures (OF)18–22. 
Nevertheless, there is no consensus on the best definition for ACLF23. In this setting, diverse scoring systems 
have been developed to assess the prognosis of ACLF patients, such as chronic liver failure-sequential organ 
failure assessment (CLIF-SOFA) 8, APASL ACLF Research Consortium (AARC) score24, and COSSH-ACLF 
score25. Unfortunately, there is no universally accepted scoring standard to assess the prognosis of ACLF patients. 
Especially, most of the scoring criteria utilized the 28-day or 90-day mortality of patients as evaluation indicator, 
and were made based on the baseline clinical indicators at the time of diagnosis of ACLF. Remarkably, ACLF 
has a dynamic course of disease, and the prognosis of patients can be divided into resolved/improved, steady or 
fluctuating, and worsening5. Thus, the ideal scoring system should be able to reflect the dynamic nature of the 
disease and the responsiveness to medical treatment26.

In recent years, the application of dynamic scoring model in the prognosis assessment of ACLF has attracted 
the attention of researchers24,27. However, a single-point outcome (death or liver transplantation) was still used 
as a prognostic variable. EASL-ACLF has assessed the changes of ACLF grading at the different time points (day 
1, 3, 7, 28) 5, however, the diagnostic criteria of ACLF in the East and the West are different, so the reference 
significance is limited. APASL-ACLF believes the disease course of ACLF is reversible, and recovering patients 
exhibit improvements in coagulation and jaundice without hepatic encephalopathy18. Nevertheless, a dynamic 
pattern of disease evolution has not been reported. Therefore, there is an urgent need to establish a new clinical 
classification that can accurately reflect the dynamic outcome of ACLF patients at an early stage. Timely and 
dynamic assessment on ACLF patients is essential to avoid ineffective treatment and rational selection of liver 
transplantation.

Very recently, Chen Y and China Network for severe liver diseases (CNSLD) innovatively put forward a 
new clinical classification for ACLF patients9. The new classification is made based on clinical outcome (death 
or transplantation), time axis (4 weeks and 12 weeks), and dynamic indicators (PTA recovered to more than 
40%, TBil declined to 50% of the peak). According to our new criteria, ACLF can be divided into five types: 
type A, rapid progression; type B, rapid recovery; type C, slow progression; type D, slow recovery; and type E, 
slow persistence. This classification is relatively simple and easy to calculate, so it is more practical. Our criteria 
are helpful to judge the prognosis of ACLF patients and make decision on liver transplantation. Furthermore, 
it facilitates the rational allocation of donor liver resources, helps to develop better hierarchical diagnosis and 
treatment strategy and follow-up plan, and lays the foundation for developing a new accurate prognostic model 
for ACLF patients 9. In view of this, it is of scientific value and clinical significance to screen out the biomarkers 
which can predict the prognosis of ACLF patients with this new typing early and accurately.

As mentioned in Introduction, galectin-3 has been documented to critically involve in the development 
of multiple human diseases28–30. Especially, galectin-3 has been reported to be a biomarker for predicting 
the prognosis of diverse diseases. For instance, high expressed galectin-3 is positively correlated with disease 
progression of pancreatic cancer, indicating that galectin-3 can be employed as a predictor of poor prognosis31. 
Conversely, low expression of galectin-3 predicts poor response to chemotherapy and poor survival in node-
positive breast cancers32. Our newly published paper has reported that galectin-3 holds a pivotal place in 
the hepatoprotection conferred by M2-like macrophages in ACLF 17. Nevertheless, the predictive efficacy of 
galectin-3 on the prognosis of ACLF patients has not been clarified. In light of the fact that the novel typing 
proposed by our team is helpful to establish an accurate prognostic model for ACLF patients, it is worthwhile to 
evaluate the predictive power of galectin-3 for the prognosis of ACLF patients with new typing.

The clinical and laboratory information from 87 ACLF patients was assessed. As shown in Table 1, Type A 
and type B patients account for two-thirds of all ACLF patients. Especially, both type A and type B patients are 
characterized by a rapid change in disease course (rapid progression or rapid recovery), which requires clinicians 
to make the treatment decision quickly and accurately. Thus, these two types of ACLF patients were subjected to 
detection and analysis in this work.

According to our data, the plasma levels of galectin-3 were higher in type A ACLF patients compared to 
those of type B patients. To our knowledge, this is the first time to assess the expression of galectin-3 in plasma 
from ACLF patients with new typing. Our finding is similar to the report by Zheng et al. who demonstrated 
that serum galectin-3 levels are significantly higher in patients with liver failure compared to those in CHB 
patients and healthy controls33. On the other hand, a recent study showed that galectin-3 mRNA levels were 
lower in PBMCs from ACLF patients compared to those in CHB patients and healthy controls, namely, lower 
galectin-3 expression suggests ACLF with poor survival34. This finding is consistent with our latest report, 
namely, galectin-3 expression is lower in the liver of acutely injured mice compared to that of ACLF mice 17. 
Considering that we have demonstrated the mortality is higher in acutely injured mice compared to that of 
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ACLF mice, the above-mentioned result indicates that lower galectin-3 levels in the liver correspond to poor 
survival. Thus, the expression of galectin-3 in PBMCs/liver tissues and serum/plasma may be reversed in ACLF 
patients. We speculated it may be attributed to the different distribution of galectin-3 between the liver and 
serum/plasma in diverse damage degree. Galectin-3 expression is elevated in response to hepatic injury. When 
the morphology of liver cells (e.g. M2-like macrophages) is intact, the synthesized galectin-3 cannot be released 
into the blood, thus leading to low serum/plasma levels of galectin-335. When massive liver cell necrosis occurs, 
a large amount of galectin-3 is released into blood, therefore the levels of galectin-3 in serum will be elevated.

We then analyzed the correlation between the levels of galectin-3 and indicators including TBil, PTA/INR 
and MELD score which reflect the disease severity of ACLF and are utilized to classify ACLF patients according 
to new criteria. The correlation analysis manifested that the expression of galectin-3 is positively correlated with 
TBil levels, INR value and MELD score. Conversely, galectin-3 levels exhibit a negative correlation with PTA 
value. Our finding is partially consistent with the report by Yoeli et al. who found a positive correlation between 
galectin-3 expression and fibrosis score, TBil, ALT, AST, and APRI score, as well as a negative correlation between 
galectin-3 levels and albumin in patients with biliary atresia36.

Next, we evaluated the predictive power of galectin-3 for type A or type B ACLF patients. After univariate 
analysis, we selected galectin-3, MELD, PTA, INR and TBil to conduct multivariate analysis in view of their 
clinical relevance. And only galectin-3 is significantly associated with rapid progression in ACLF, showing 
that galectin-3 is an independent predictive factor for the prognosis of ACLF patients. In addition, ROC curve 
analysis manifested that galectin-3 possesses better predictive power than the MELD score in distinguishing 
between type A and type B ACLF patients. Therefore, galectin-3 can be considered as a non-invasive biomarker 
to predict the prognosis of ACLF patients.

We then classified ACLF patients into high-expression and low-expression groups according to the cut-off 
of galectin-3 and conducted the 4-week survival analysis. According to our data, patients with lower expression 
of galectin-3 (lower than the cut-off of galectin-3) exhibit better survival than those with higher expression 
of galectin-3 (equal to or higher than the cut-off of galectin-3). Therefore, ACLF patients with higher plasma 
expression of galectin-3 may have a poorer prognosis. This finding is similar to a previous report that showed that 
the dead subjects with liver failure exhibit remarkably higher levels of galectin-3 than the surviving patients33. 
On the contrary, another work by Zhao et al. reported that galectin-3 mRNA content is higher in survivors than 
in non-survivors. And a positive correlation was noticed between galectin-3 mRNA level and the survival time 
in ACLF patients34. In our latest work, we documented that galectin-3 levels in the liver of ACLF mice are higher 
than those in ALF mice (the latter has higher mortality)17. This result is consistent with Zhao’s report considering 
the reverse correlation between the expression of galectin-3 in PBMCs/liver tissues and serum/plasma as we 
discussed previously.

In sum, galectin-3 can be considered as a non-invasive marker to predict the prognosis of ACLF patients with 
new typing, and patients with high expression of galectin-3 are more likely to develop type A ACLF and exhibit 
poor survival and prognosis. Our findings help advance the time window of prognosis prediction for type A 
and type B ACLF patients from 4 weeks to the baseline, thereby identifying ACLF patients who really need 
liver transplantation earlier, guiding clinicians to develop more accurate individualized diagnosis and treatment 
strategies, optimizing the utilization of medical resources, and improving the survival rate of ACLF patients.

Limitations of the study
There are some limitations in our study. Our data lack a validation set, and we plan to further validate the 
predictive power of plasma galectin-3 for the prognosis of ACLF patients with new typing in the future. A second 
limitation of the study is the relatively small sample size.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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