
EDITORIAL

Tregs: A Therapeutic Target for the Treatment of Portal
Fibrosis?

Yuhua Xue1 • George Michalopoulos2

Received: 21 April 2015 / Accepted: 23 April 2015 / Published online: 14 May 2015

� Springer Science+Business Media New York 2015

Human science fragments everything in order to un-

derstand it. Kills everything in order to examine it.

—Leo Tolstoy

Primary cholangiopathies, diseases in which the biliary

system is primarily affected, can be complicated by sec-

ondary fibrosis, with serious clinical consequences. Treat-

ment of primary disorders is not available due to the lack of

understanding of their etiology, such as for autoimmune

disorders including primary biliary cirrhosis (PBC) and

primary sclerosing cholangitis (PSC), or for structural de-

fects such as biliary atresia, or for germline mutations as in

the Alagille syndrome. Targeting the consequences of

cholestasis, such as inflammation and fibrosis, creates

treatment options, besides reducing the bile acid synthesis.

During cholestasis, activated myofibroblasts surround-

ing the expanded ductular area produce collagen and de-

posit other extracellular matrix proteins. Fundamental

knowledge about how cholangiocytes expand, how ex-

panded cholangiocytes initiate inflammation and guide the

pattern of Th cells through Kupffer cells, and how Th17/

Treg balance affects the portal fibrosis is still lacking. This

editorial will discuss the available data regarding the

etiopathogenesis of cholangiopathy-associated fibrosis,

starting with a description of a commonly used animal

models frequently employed in its study.

Bile Duct Ligation (BDL) Model

The BDL model has been widely used to study cholestatic

liver injuries and fibrogenesis, even though its relation to

clinical cholangiopathies has been questioned [1]. In response

to experimental biliary obstruction, there is a substantial

cholangiocyte proliferative response. Hepatic necrosis re-

sulting from leakage of bile acids is followed by compensatory

proliferation of cholangiocytes (Fig. 1), recruitment of in-

flammatory cells including lymphocytes, and activation of

fibrogenic cells including portal fibroblasts, hepatic stellate

cells (HSCs), and finally myofibroblasts. Generally, inflam-

matory cells, especially monocytes, will be recruited to the

necrotic area and mediate secondary peri-necrotic fibrosis,

whereas cholestasis-related fibrosis is predominantly peri-

portal due to cholangiocyte, not monocyte activation.

Tregs in the Liver

CD4? Th cells and other types of lymphocytes pass

through liver every day. CD4? Th cells can differentiate

into four major subtypes [2], including Th1, Th2, Th17,

and regulatory T cells (Tregs). Th1 lymphocytes assist

CD8? T cells, Th2 lymphocytes mediate humoral immu-

nity, and Th17 lymphocytes promote inflammation. Th17

and Tregs are antagonistically related.
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Cholangiocytes Dominate the Portal Niche in Th
Differentiation

The hepatic portal niche is defined as the unique mi-

croenvironment surrounding the portal tract, in which di-

rect cell contact between parenchymal, mesenchymal, and

immune cells, or indirect contact via autocrine and para-

crine mediators is responsible for maintaining immune

suppression under physiological conditions. Cholangio-

cytes in the niche are not just the physical barrier compo-

nent of the bile transport system. In response to cholestatic

injury, cholangiocytes proliferate and affect the cellular

composition in the portal tract. Cholangiocytes attract

lymphocytes to the portal niche and have potential to guide

the Th cells differentiation pattern. Thus, the production of

reactive cholangiocytes is considered to be one of the ini-

tial events of portal inflammation portal fibrosis [3]. Other

cells types located within the portal niche include HSCs,

Kupffer cells, and inflammatory cells, with the potential to

signal to cholangiocytes via paracrine signaling to influ-

ence cholangiocyte behavior [4]. Although scientists are

aware of the tight correlation between the intensity of

cholestatic injury, cholangiocyte behavior, and portal fi-

brosis, at present it is not known how cholangiocyte ex-

pansion drives pre-myofibroblasts to differentiate into

myofibroblasts, to become activated, and finally to initiate

ECM production (Fig. 1). Roh et al.’s study [5] has high-

lighted an important Th subtype in cholangiopathy-related

portal niche changes, Tregs, which affect fibrosis pro-

gression directly or indirectly.

Tregs, Myofibroblasts, Portal Niche, and Portal
Fibrosis

Myofibroblasts which distribute around the portal tract and

initiate collagen deposition [6] are the main ECM-pro-

ducing cells in cholestasis-induced portal fibrosis (Fig. 1).

Tregs prevent autoimmune diseases such as PBC [7].

Although the exact functions of Tregs in the portal niche

are still unknown, the model proposed from the work of

Roh et al. [5] suggests that Tregs may indirectly modulate

myofibroblasts by affecting Th17 and Th1/CD8? Tc cy-

tokine patterns, knowledge important for the development

of future antifibrotic strategies, especially for those patients

with deregulated Th17 and Th1 cytokine profiles. Cur-

rently, the mechanisms that convert quiescent HSCs into

activated HSCs attract most attention. Studies investigating

the transition from activated myofibroblasts to final ECM

production enrich our understanding of the mechanism

underlying portal fibrosis. Here, Roh et al. [5] have indi-

cated an important subtype of CD4? T lymphocytes,

Fig. 1 The liver in chronic cholestatic injury: Key component of

portal niche. Model highlighting key aspects of proposed contribu-

tions of hepatic cell types during portal fibrosis. In respond to

cholestatic injuries, cholangiocytes proliferate to expand the ductular

reaction (DR). Cholangiocytes recruit (red solid arrows) hepatic

stellate cells (HSCs), myofibroblasts (MFs), portal fibroblasts (PFs),

kupffer cells (KCs), and lymphocytes (LCs). Cholangiocytes, HSCs,

PFs can transdifferentiate (red dashed arrows) into MFs. LCs

differentiate (thick black solid arrows) into CD8? T cytotoxic cell

(Tc) and CD4? helper cell (Th). Th differentiate (thin black solid

arrows) into different subtypes, including Th1, Th2, Th17 and Treg.

Cytokines (blue dashed arrows) from KCs guide Th17/Treg balance,

for example, TGF-b promotes Treg differentiation, while in the

presence of IL6, TGF-b promotes Th17 but not Treg. IL17 and TNF

from Th1/Tc axis promote extracellular matrix (ECM) production and

deposition around expansion cholangiocytes/portal area. TGF-b
dependent TGF-b production from Tregs negatively modulates the

Th17 and Th1/Tc effects, thus decrease deposition ECM
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which modulate ECM production indirectly. Thus, it pro-

vides a promising and novel therapeutic strategy, which

promises to modify the development of portal fibrosis re-

gardless of primary liver insults.

Methods to Assess Necrosis and Portal Fibrosis

Several methods are commonly used in the analysis of liver

parenchymal fibrosis such as assays of total tissue lysate,

hydroxyproline, reverse transcription polymerase chain

reaction (RT-PCR), or quantitative PCR or western blot

analysis for collagen-related genes. Specific marker stain-

ing (a-smooth muscle antigen for myofibroblasts) and

morphological analysis (Sirius red and Masson trichrome

staining) are available for liver sections, used for the ana-

lysis of active and quiescent fibrosis, respectively, although

in portal fibrosis, quantification or semi-quantification fi-

brosis is challenging. For example, analysis of total tissue

lysates may be misleading, but analysis of specific portal

tissue is technically challenging. Furthermore, the infor-

mation obtained from the study of a few 2-D sections,

either for specific marker staining or for morphological

analysis, may grossly misrepresent the extent of in situ 3-D

portal fibrosis. Roh et al. [5] analyzed scanned liver sec-

tions at high resolution, which with the addition of re-

construction software may have provided an accurate

assessment of fibrosis in 3-D, while also analyzing total

tissue lysate based at the transcriptional level.

Perspective

While Roh et al.’s paper in this issue describes the phe-

notype after Tregs depletion, some points need to be con-

sidered. BDL induces acute injury with fibrosis [8] around

‘‘big duct,’’ which results from the extremely high physical

pressure. This pattern is completely different from the

chronic progressive partly compensatory ‘‘all size’’ duct

fibrosis. Similarly, inflammatory reaction patterns might be

different between these ‘‘acute’’ and ‘‘chronic’’ patterns.

Thus, the pathogenesis of portal fibrosis is complicated,

and cytokines involved in this process are cell-specific and

context-dependent manner. For example, TGF-b1 induces

Tregs differentiation, while in the presence of IL6 results in

Th17 direction. In other settings, TGF-b1 from hepatocytes

and Kupffer cells promotes fibrosis. Thus, cytokine-based

fibrosis therapy, although promising, is still in its infancy.

The discovery of Tregs expansion in the BDL model [9]

by Roh et al. [5] has elegantly demonstrated the complex

role of Tregs as potential antifibrotic agents. Tregs have

potential as therapeutic cell targets for established inflam-

mation or alternatively as guiding selective cytokine vector

treatments for fibrosis immunotherapy. Studies of Tregs

in vitro differentiation and culture [10] provide the possi-

bility of Treg cell-based antifibrotic therapy that may in-

clude cell transplantation and dietary management.
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