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Amino acid metabolism of fibroblasts involved in the occurrence
and development of pulmonary fibrosis
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Abstract: Pulmonary fibrosis is a common pathological change in many chronic lung diseases, and its
pathogenesis and characteristics are mainly caused by repeated lung alveolar injury leading to abnormal activation
of fibroblasts and the accumulation of large amounts of extracellular matrix (ECM) deposition. Fibroblasts are not
only responsible for constituting the interstitial structure of the lung but are also involved in the post-injury
repairment in healthy lung tissue. In contrast, fibroblasts show a typical pro-fibrotic metabolic phenotype after
differentiation into myofibroblasts during the development of pulmonary fibrosis. To synthesis large amount of
collagen, the myofibroblasts have a strong metabolism characteristic of serine/glycine, glutamine, proline, and
arginine. At the same time, the myofibroblast get the ability to resist cell apoptosis. As an important cell type for
collagen degradation, fibroblasts reuse the amino acids of collagen to maintain cell metabolism. However, the
myofibroblasts cannot degrade the ECM due to the suppression of autophagy activity, thus accelerating the
progression of pulmonary fibrosis. This review attempts to summarize how amino acid metabolism of fibroblasts
influence the pulmonary fibrosis.
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Figure 1

Fibroblast amino acid metabolism is involved in collagen synthesis. D De novo serine and glycine synthesis. Metabolite of

glycolysis convert to glycine via PHGDH, PSAT1, PSPH and SHMT; @ Glutamine degradation. Glutamine is metabolized to P5C catalyzed

by GSL and P5CS, then transform to proline through the PYCR; 3 The arginine in urea cycle can turn into the PSC and proline continually;

@ Proline residues in the collagen proteins can be hydroxylated to produce the hydroxyproline. TCA: Tricarboxylic acid cycle; PSATI:

Phosphoserine aminotransferase 1; PHGDH: Phosphoglycerate dehydrogenase; PSPH: Phosphoserine phosphatase; SHMT: Serine

hydroxymethyltransferase; GLS: Glutaminase; P5CS: 41-Pyrroline-5-carboxylate synthase; a-KG: a -Ketoglutarate; PYCR: Pyrroline-5-

carboxylate reductase; PHD: Proline hydroxylase; ASS1: Argininosuccinate synthase 1
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Myofibroblast

Figure 2 Fibroblast amino acid metabolism and myofibroblast activation. After exposure of the injury signal, the intracellular level of
ONOO ' is increased, which suppresses the activities of GSL and GSS, resulting in elevated oxidative level in fibroblast (left). Myofibroblast
acquire the anti-oxidative stress and anti-apoptosis capacity by increasing the combination of proline and hydroxyproline with ROS, and
these amino acids are also the substrates of collagen synthesis leading to ECM deposition. Glutamine can convert to proline to combine with
ROS, and its metabolites can increase the expression of anti-apoptosis related genes (right). TGF-f: Transforming growth factor ; GCL:

Glutamate cysteine ligase; GSS: Glutathione synthetase; GSH: Glutathione; ROS: Reactive oxygen species; ECM: Extracellular matrix
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Figure 3 Fibroblast amino acid metabolism and collagen degradation. In healthy fibroblast, collagen fibrils can be recognized by integrins,

and collagen fragments can be ingested by micropinocytosis and endocytosis after cleaved off by MMP. The collagen fragments can be

degraded by autophagic pathway. After degradation, trans-3-hydroxy-L-proline could convert into proline by dehydratase. Proline plays an

important role in providing ornithine to produce polyamines to support the rapid growth of tissues. Ornithine continues to participate in urea

cycle. Trans-4-hydroxy-L-proline is metabolized to glycine and « -ketoglutarate, then the «-ketoglutarate can participate in TCA cycle.

Proline and glycine are substrate for collagen synthesis (left). In myofibroblast, the activated TGF-/ pathway leads to a Smad3-dependent

increase in ATF4, which is a key transcription factor in amino acid biosynthesis, and the primary driver of ATF4 downstream of TGF-£ is

activation of mTORC1. mTORCI is also a critical regulator of cell autophagy, and glutamine can activate the mTORC]1 to inhibit the

autophagy process (right). CatK: Cathepsin K; SMAD: SMAD family member; mTOR: Mammalian target of rapamycin; ATF4: Activating

transcription factor 4
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