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Fig. S1 Splenectomy suppresses the progression of liver fibrosis in a TAA-induced liver injury mouse 

model. BALB/c mice were divided into sham-operation (Sp(-)) and splenectomy (Sp(+)) groups, and liver 

fibrosis was induced by escalating injection of TAA for 6 weeks (n = 7 mice/group). Control mice received 

saline injections (n = 6 mice/group). (A) Liver fibrosis was evaluated by Sirius red staining. Original 

magnification: ×40. (B) The percentage of the Sirius red-positive area was quantified using Image J. (C) 

Collagen deposition was quantified by measuring the hydroxyproline content in the liver. (D) Quantitative 

RT-PCR was performed to measure the mRNA expression levels of type I collagen α1. GAPDH was used 

as an internal control. (E) Activation of the HSCs was evaluated by immunofluorescence staining for α-

SMA. Original magnification: ×100. (F) Hepatic expression levels of α-SMA mRNA were measured using 

qRT-PCR. GAPDH was used as an internal control. The mean ± SD is shown. * P < 0.05, ** P < 0.01. 
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Fig. S2 Splenectomy does not influence the progression of liver fibrosis in a BDL-induced liver injury 

model. BALB/c mice were divided into sham-operation, splenectomy, BDL and BDL + splenectomy groups. 

The mice were killed at 10 days and 3 weeks after BDL (n = 6 or 7 mice/group). Liver fibrosis was 

evaluated by Sirius red staining, and the percentage of the Sirius red-positive area was quantified by Image J 

at 10 days (A) and 3 weeks (D) after BDL. Original magnification: ×40. (B, E) Collagen deposition was 

quantified by measuring the hydroxyproline content in the liver. (C, F) Quantitative RT-PCR was performed 

to measure mRNA expression levels of type I collagen α1 and α-SMA. GAPDH was used as an internal 

control. The mean ± SD is shown. ns = not significant. 
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Fig. S3 Splenectomy modifies Th1/Th2 balance in the liver lymphocytes in a CCl4-induced liver injury 

model. Liver fibrosis was induced by CCl4 for 6 weeks and lymphocytes were isolated from the liver. 

Quantitative RT-PCR was performed to measure hepatic mRNA expression levels of (A) IFN-γ, IL-2, and 

IL-12 (Th1 cytokines) and (B) IL-4 and IL-13 (Th2 cytokines). CD4 was used as an internal control. (C) 

The ratio of the mRNA expression levels of IFN-γ (Th1) to IL-4 (Th2) in each mouse was compared 

between the CCl4 Sp(-) group and the CCl4 Sp(+) group. (n = 8 for CCl4 groups, n = 5 for control groups). 

The mean ± SD is shown. * P < 0.05; ** P < 0.01; *** P < 0.001.  
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Fig. S4 Splenectomy modifies Th1/Th2 balance in the liver in a TAA-induced liver injury model. 

Quantitative RT-PCR was performed to measure hepatic mRNA expression levels of (A) IFN-γ, IL-2, and 

IL-12 (Th1 cytokines) and (B) IL-4 and IL-13 (Th2 cytokines). GAPDH was used as an internal control. (C) 

The ratio of the mRNA expression levels of IFN-γ (Th1) to IL-4 (Th2) in each mouse was compared 

between the TAA Sp(-) group and TAA Sp(+) group. (D) The expression levels of TGF-β1 mRNA, a potent 

profibrogenic cytokine, were measured by qRT-PCR. (E) Intrahepatic lymphocytes were isolated from 

Sp(+) and Sp(-) TAA mice and were subjected to flow cytometric analysis for CD4 and CD45RC 

expressions. Statistical result found in at least seven animals is shown. (F) Double immunofluorescence 

staining for CD45RC (green) and CD4 (red). The number of CD4+ cells and CD45RC+CD4+ cells were 

counted under a magnification of 100× and the proportion of CD45RC+CD4+ cells among CD4+ cells in 

the liver is shown. (n=7 for CCl4 groups, n=6 for control groups). The mean ± SD is shown. * P < 0.05; ** 

P < 0.01; *** P < 0.001; ns = not significant.  
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Fig. S5 Splenectomy does not influence Th1 and Th2 cytokine expression in the liver in BDL-induced liver 

injury. Quantitative RT-PCR was performed to measure mRNA expression levels of IFN-γ (Th1) (A, C) and 

IL-4 (Th2) (B, D) at 10 days and 3 weeks after BDL. GAPDH was used as an internal control. The mean ± 

SD is shown (n = 7 for BDL groups, n = 6 for control groups). * P < 0.05; ns = not significant. 
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Fig. S6 The number of CD4+ T helper lymphocytes in spleen decreases in response to liver injury induced 

by TAA. Liver fibrosis was induced by injection of TAA as described in Materials and Methods. (A) The 

expression of CD4, a T helper lymphocyte marker, in the spleen was evaluated by immunofluorescence 

staining. Original magnification: ×40. (B) The percentage of the CD4-positive area was quantified using 

Image J. (C) qRT-PCR was performed to measure mRNA expression levels of CD4 in the spleen. GAPDH 

was used as an internal control. (D) Splenic lymphocytes of the non-treatment control and TAA treatment 

group mice were analyzed for CD4 expression by flow cytometry. The proportion of CD4+ cells among 

total splenic cells is shown. The mean ± SD of values found in at least six animals is shown. ** P < 0.01, 

*** P < 0.001.  
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Fig. S7 The number of CD4+ T helper lymphocytes in the liver increases in response to liver injuries Liver 

fibrosis was induced by injection of CCl4 or TAA as described in Materials and Methods. (A, C) The 

expression of CD4, a T helper lymphocyte marker, in the liver was evaluated by immunofluorescence 

staining. Original magnification: ×40. The percentage of the CD4-positive area was quantified using Image 

J. (B, D) qRT-PCR was performed to measure mRNA expression levels of CD4 in the spleen. GAPDH was 

used as an internal control. The mean ± SD of values found in at least six animals is shown. ns = not 

significant.  
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Fig. S8 Spleen-derived T helper lymphocytes migrate from the spleen to the liver in response to liver injury. 

Splenic lymphocytes isolated from transgenic mice ubiquitously expressing GFP were transplanted into the 

spleens of syngeneic wild type mice. Liver fibrosis was induced by injection of CCl4 and control mice 

received injections of corn oil. The mice were killed at 24 h after the first, third, and fifth injection. (A) 

Double immunofluorescence staining for GFP (green) and CD4 (red) with or without splenectomy. Original 

magnification: ×100. (B) The number of CD4+ cells and the number of GFP+CD4+ cells (spleen-derived T 

helper lymphocytes) were counted under a magnification of 100×. (C) The proportion of GFP+CD4+ cells 

among CD4+ cells in the liver is shown. The mean ± SD of values obtained in seven animals is shown. ** 

P < 0.01. 
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Table S1 

Primers used quantitative reverse transcription polymerase chain reaction. 

Primer Forward Reverse 

Col-1α1 GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG 

α-SMA GTCCCAGACATCAGGGAGTAA TCGGATACTTCAGCGTCAGGA 

IFN-ɤ ATGAACGCTACACACTGCATC TCTAGGCTTTCAATGACTGTGC 

IL-2 TGAGCAGGATGGAGAATTACAGG GTCCAAGTTCATCTTCTAGGCAC 

IL-12 TGGTTTGCCATCGTTTTGCTG ACAGGTGAGGTTCACTGTTTCT 

IL-4 GGTCTCAACCCCCAGCTAGT GCCGATGATCTCTCTCAAGTGAT 

IL-13 CCTGGCTCTTGCTTGCCTT GGTCTTGTGTGATGTTGCTCA 

TGF-β1 CCGCAACAACGCCATCTATG CCCGAATGTCTGACGTATTGAAG 

CD4 AAGTGACCTTCAGTCCGGGTA GGGTTAGAGACCTTAGAGTTGCT 

GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA 
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The final publication is available at Springer via 

http://dx.doi.org/10.1007/s00535-015-1054-3. 
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