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Abstract
[bookmark: OLE_LINK18]Thymosin alpha 1 is a peptide naturally occurring in the thymus that has long been recognized for modifying, enhancing, and restoring immune function. Thymosin alpha 1 has been utilized in the treatment of immunocompromised states and malignancies, as an enhancer of vaccine response, and as a means of curbing morbidity and mortality in sepsis and numerous infections. Studies have postulated that thymosin alpha 1 could help improve the outcome in severely ill corona virus disease 2019 patients by repairing damage caused by overactivation of lymphocytic immunity and how thymosin alpha 1 could prevent the excessive activation of T cells. In this review, we discuss key literature on the background knowledge and current clinical uses of thymosin alpha 1. Considering the known biochemical properties including antibacterial and antiviral properties, time-honored applications, and the new promising findings regarding the use of thymosin, we believe that thymosin alpha 1 deserves further investigation into its antiviral properties and possible repurposing as a treatment against severe acute respiratory syndrome coronavirus-2.
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[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK17]Core Tip: Thymosin alpha 1 is a naturally occurring peptide in the human thymus, which has long been recognized for its immune-modulating properties. The synthetic analog of thymosin alpha 1 has various clinical applications, such as in infectious diseases, malignancies and in immunocompromised states. There is emerging data postulating that this peptide could be of benefit in the treatment of severe acute respiratory syndrome coronavirus-2 infection. We herein discuss the underlying knowledge, current clinical uses and results of recent studies of thymosin alpha 1.

INTRODUCTION
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Thymosin alpha 1 is a 28 amino acid peptide originally isolated from the thymus[1], which has been extensively studied in terms of its functions in the immune system. Thymosin alpha 1 has long been recognized as an immune enhancing, immune modulating, as well as an immune restoring agent[2], and as such it has been utilized in several clinical and research settings. The synthetic form of thymosin alpha 1, thymalfasin, is approved in more than 35 countries for the treatment of hepatitis B and C and as an immune enhancer in several other diseases[1]. More specifically, it has been of benefit as a means of augmenting immune response in immune deficiencies[3], psoriatic arthritis[4], aging[3], as well as in increasing response to vaccines[3] and decreasing chemotherapy-induced toxicity[5]. It has additionally been of value in treating oncologic patients, especially those with hepatocellular carcinoma, renal cell carcinoma and non-small cell lung cancer[5]. Last but not least, it has been used in the fight of numerous infections, such as human immunodeficiency virus (HIV)[6], pseudomonas[1], and mold toxicity[7], as well as sepsis[8], and recently in severely ill coronavirus disease 2019 (COVID-19) patients[9]. In light of the current pandemic situation, efforts are being made worldwide to understand the impact of infection caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) on the immune system in the hopes of getting closer to an effective treatment. To this end, it would be worthwhile to further investigate thymosin alpha 1 through the relevant published literature. In this review, we aim to understand the characteristics of thymosin alpha 1, from its chemical structure and biological properties all the way to its clinical applications, their safety and efficacy which would provide an insight on whether it could be used as a therapeutic option to help curb mortality and improve outcomes in severely ill COVID-19 patients.

BIOCHEMISTRY
Thymosin proteins are short, positively charged, and inherently unregulated peptides. Induction of thymosin protein configuration via organic reagents, such as trifluoroethanol, hexafluoroisopropanol, dodecyl trimethylammonium bromide, and Zn2+ ions, charges the proteins neutralizing them at a low PH to potentiate their absolute effects[10]. The nuclear magnetic resonance structure of thymosin alpha 1 has been determined by mixing in 40% trifluoroethanol/60% water (v/v) solvent. The study has determined 800 MHz of a polypeptide chain consisting of 28 residues. To comprehend its distinct structure, multiple molecular trials with solvent composed of 40% trifluoroethanol/60% transferable intermolecular potential with 3 points water (v/v) were utilized to create a three-dimensional configuration of the peptide. Ultimately, it was able to depict a distorted helical configuration with two stable regions: Alpha-helix site from 14-26 residues and two double turns in the β region in the N-terminal site consisting of 12 residues[11].
Thymalfasin, the synthetic analog of thymosin alpha 1, induces interleukin (IL)-2 production, differentiation of immature cord blood lymphocytes, production of B cell growth factors, and increased macrophage antigen presentation efficiency. It is used to treat chemotherapy-induced immunosuppression and to enhance the efficacy of influenza and hepatitis B vaccines in immunocompromised patients[12]. Thymosin alpha 1 therapy modulates and partially normalizes T-lymphocyte numbers and function. T cell rosette percentages have been shown to increase in patients with T cell lymphopenia. Thymalfasin may benefit conditions such as T cell lymphopenia, immunosuppression, and immune dysregulation seen in COVID-19 due to SARS-CoV-2 induced cytokine storm and the immunosuppressive effects of its viral envelope proteins[13]. This may be why Thymalfasin has been used in China for general treatment of COVID-19 patients since April 2020[14]. 

EXTRACTION AND ANALYSIS
Thymosin alpha 1 is a peptide hormone that is endogenously produced by the thymus gland and potentiates T cell-mediated immune responses via differentiation and maturation of T-cell progenitor cells, activation of dendritic and natural killer cells, and stimulation of cytokine-mediated inflammation[15]. Since first isolated from a preparation of bovine thymuses, named the thymosin fraction 5 in 1977, thymosin alpha 1 has been widely recognized for its immune-enhancing properties. Therefore, various efforts have been made towards finding the most efficient method for its production and purification. There are currently three distinct ways bioactive thymosin alpha 1 can be obtained. The first method of extraction is via isolation from calf thymuses. It can also be extracted from thymosin fraction 5, which was first isolated from calf thymuses using the technique described in 1975[12]. The second method is through solid-phase synthesis, which is a purely chemical way of peptide synthesis and is nowadays the only method accepted for production of thymosin alpha 1 for clinical use. Lastly, genetic engineering expression makes use of the advances in biotechnology to produce purified recombinant thymosin alpha 1 from either prokaryotic organisms such as Escherichia coli, or eukaryotic organisms such as yeast, plants or Pichia Pastoris. Regarding thymosin alpha 1 expression in Escherichia coli, numerous expression systems have been developed based on the insertion of the recombinant gene for human thymosin alpha 1 in different vectors, such as pGEX-2T, pThioHis B, pBV222. According to Antachopoulos et al[7] (2012), the most promising results came from the BL21/pET-28a system, with thymosin alpha 1 being 70% of total bacterial protein production. The protein can then be analyzed via sodium dodecyl sulfate-polyacrylamide gel electrophoresis or by measuring ultraviolet light absorbance at 215 nm. For purification, the primary methods proposed are nickel affinity chromatography, thermal denaturation, and high-performance liquid chromatography. Thymosin alpha 1 expression in yeast is an attractive alternative because post-translational modifications and the development of stable cell lines are made possible[6]. 
Chen et al[16] describe their own yeast-based expression system for thymosin alpha 1, which proved to be effective in producing thymosin alpha 1 capable of increasing CD8+ counts in mice pre-treated with cyclophosphamide. An example of thymosin alpha 1 expression in plants (transgenic tomato Solanum Lycopersicum) is described by Chen et al[17]. As promising as it may seem, the genetic engineering method for thymosin alpha 1 production has not yet been introduced into clinical practice, primarily due to difficulties pertaining to extraction and purification. Other than direct extraction from calf thymus, which can only produce trace amounts of the peptide, thymosin alpha 1 used for therapeutic purposes comes from chemical synthesis.
Enzyme-linked immunosorbent assay and radioimmunoassay are the most commonly used methods for quantitative analysis of the peptide. Tuthill et al[18] also suggest liquid chromatography with tandem mass spectrometry, which has proven to be accurate, precise, and sensitive for measurement of thymosin alpha 1 in the serum[18].

STORAGE OF THYMOSIN ALPHA 1
Thymosin alpha 1 should be stored at -20 degrees Celsius. Lyophilized thymosin alpha 1 may remain stable for up to three weeks at room temperature; however, for long term storage, it should be kept below -180 degrees Celsius and stored in the desiccated form. When ready to use, it may be reconstituted and subsequently stored at 40 degrees Celsius for a period of two to seven days. If the intention is to store thymosin alpha 1 for a longer period of time, then it is advised to store it in combination with a carrier protein such as 0.1% human serum albumin or bovine serum albumin. It is recommended to avoid repeated freezing and thawing[19].

BIOLOGICAL ACTIVITIES AND HEALTH BENEFITS
Thymosin alpha 1 functions as a toll-like receptor (TLR)-9 and TLR-2 agonist in both myeloid and dendritic cells, the professional antigen-presenting cells[20]. By targeting TLRs, thymosin alpha 1 can stimulate the adaptive immune response, which is essential for fighting viral, bacterial, and fungal infections and cancers, as well as stimulation of posterior humoral immunity[20-22]. Additionally, thymosin alpha 1 can increase levels of IL-2, IL-10, IL-12, interferon (IFN)-α, and IFN-γ[23]. The role of thymosin alpha 1 in stimulating T-cell dependent antibody production is also the reason why it has been considered as a vaccine adjuvant for enhancing response to vaccines[24].
Thymosin alpha 1 has a wide range of biological activities that range from anti-tumor to immune-modulating properties (Figure 1). The immune response of thymosin alpha 1 is due to its action in elevating the activity of T cell maturation into CD4+/CD8+ T cells. It works to directly activate natural killer cells as well as CD8+ T cells through which it kills virally infected cells. Thymosin alpha 1 has a negative effect on IL-1β and tumor necrosis factor-α, which in turn leads to a decreased inflammatory response and is quite beneficial in conditions such as chronic hepatitis and acute pancreatitis. Not only does it play a role in enhancing cytokine expression, but it also increases the prominence of major histocompatibility complex I/viral antigens on their respective target infected cells and decreases viral replication[6]. Naylor and his associates pointed out that thymosin alpha 1 does not only have one but rather a varied range of targets for its immune-enhancing activity[25].
Thymosin alpha 1 has exhibited the ability to restrain tumor growth, hence its use in the treatment of various cancers. It has anti-proliferative properties which have been exhibited in lung and liver tumor metastases. According to studies conducted by Moody et al[25], the anti-tumor activity of thymosin alpha 1 worked best with small tumor size. Overall, thymosin alpha 1 works via two main mechanisms: Either stimulating the immune system or employing its anti-proliferative activities on tumor cells. The protective action of thymosin alpha 1 against oxidative damage as a result of its effect on liver superoxide dismutase and glutathione peroxidase has been explored by Armutcu et al[26].
Since thymosin alpha 1 is a polypeptide naturally present in the thymus, it plays a fundamental role in the control of inflammation, immunity, and tolerance. Thymosin alpha 1 has an immune-modulating action through its interaction with toll-like receptors. Due to the action of thymosin alpha 1 on other cell types, it is used as a therapeutic agent for diseases with evident immune dysfunction[4]. Clinical trials with thymosin alpha 1 for diseases like DiGeorge syndrome, non-small cell lung cancer, hepatocellular carcinoma, hepatitis B and C, HIV, and melanoma have been conducted and yielded promising results[27,28]. FDA approved the orphan drug thymalfasin (Zadaxin) for treatment of malignant melanoma, chronic active hepatitis B, DiGeorge anomaly with immune defects, and hepatocellular carcinoma due to its immunomodulatory and anti-tumor effect.

CLINICAL AND COMMERCIAL APPLICATIONS
Thymosin alpha 1 has been extensively tested and its synthetic form, thymalfasin, is widely used in the clinical field (Figure 2). Some of its applications are as follows.

Hepatitis B
The safety and efficacy of thymosin alpha 1 in patients with chronic hepatitis B have been tested through clinical trials. Thymosin alpha 1 has been tested as monotherapy as well as in combination with interferon-alpha and other nucleoside analogs. There has been found a complete virological response rate [clearance of serum hepatitis B virus deoxyribonucleic acid and hepatitis B e antigen] of 40.6% in patients given 1.6 mg subcutaneous injection twice a week and 26.5% in patients given the same regimen for 52 wk[29]. However, it is important to note that treatment of Hepatitis B using thymosin alpha 1 was only used in the era of interferon and is now obsolete in the era post-discovery of direct antiviral agents.

Hepatitis C
Thymosin alpha 1 as a monotherapy does not seem to be useful in treating hepatitis C infection. However, combination therapy of thymosin alpha 1 and pegylated interferon alpha 2a could effectively repress viral replication in hepatitis C patients. Thymosin alpha 1, in combination with interferon-alpha 1 has also been tested for treatment in patients with chronic hepatitis C. Moreover, thymosin alpha 1 is well tolerated, with no significant adverse effects observed. A meta-analysis conducted by Sherman, included many trials showing the superiority of the combination of thymosin alpha 1 and interferon alpha 1 compared to interferon alpha monotherapy[30]. It remains important to note that similar to Hepatitis B, the treatment of Hepatitis C with thymosin alpha 1 has been discontinued in favor of direct antiviral agents.

Sepsis
The use of thymosin alpha 1 in patients with sepsis has shown a significant decrease in mortality due to multiple-organ failure, which is the primary cause of death in sepsis[8].

HIV infection
Thymosin alpha 1, interferon alpha 1, and zidovudine combination therapy has been well-tolerated in HIV patients. Thymosin alpha 1 enhances the function and increases the number of CD4+ T cells, while it also decreases viral load. Thymosin alpha 1 influences thymic T-cell output. The safety and efficacy of thymosin alpha 1 in combination with highly-active antiretroviral therapy in stimulating immune reconstitution has been proven[6]. It has been shown that thymosin alpha 1 is well tolerated, and could dramatically increase the levels of signal joint T cell receptor excision circles in patients with advanced HIV disease. Prolonged use of high-dose thymosin alpha 1 is more effective[2].

Pseudomonas - bone marrow transplant patients
Thymosin alpha 1 is also used in other infections like pseudomonas or infections following bone marrow transplant[1]. 

Mold toxicity
This thymic peptide has the ability to prime dendritic cells and to enhance Th1 and Treg cells so that inflammation is balanced, and an antifungal response is generated. Th1 response will activate the production of Th2 cytokines (IFN-γ, IL-2, IL-12, IL-18), stimulating phagocytic activity. Therefore, cytotoxic CD4+, CD8+, and T cells and opsonizing antibodies will be produced, generating a protective effect against fungal pathogens[7].

Immune deficiency
Treatment with thymosin alpha 1 serves as a stimulus for IL-2 receptor expression and IL-2 internalization. It also has a restoring effect on patients with a suppressed lymphokine-activated killer cell activity and with immunodeficiency[29]. Acting through Toll-like receptors in both myeloid and plasmacytoid dendritic cells, thymosin alpha 1 stimulates the signaling pathways and initiates the production of immune-related cytokines. Thus, thymosin alpha 1 is anticipated to bring about encouraging results in the treatment of immunocompromised patients. Overall, it improves immune system function without causing adverse events[13].

Psoriatic arthritis 
Thymosin alpha 1 is a potent modulator of immunity and inflammation. Evidence is growing that diseases characterized by deregulation of the immune system and inflammation, such as psoriatic arthritis, are associated with serum levels of thymosin alpha 1 significantly lower than those of healthy individuals. The data is consistent with the role of thymosin alpha 1 as a regulator of immunity, tolerance and inflammation in patients with psoriatic arthritis[4].

Vaccine adjuvant
The use of thymosin alpha 1 as an adjuvant to the influenza vaccine has shown promising results, especially among elderly and immunocompromised patients[31]. Thymosin alpha 1 has also been shown to improve the immunogenicity of the influenza vaccine[3].

Decreasing toxicity from chemotherapy
Clinical studies show that thymosin alpha 1 has been utilized in patients with different malignancies, reducing the toxicity of chemotherapy, and improving the quality of life. An increase in the numbers and functions of immune cells and the decrease of toxicity from chemotherapy was also an effect of utilizing this medication. In general, fewer infections occurred during chemotherapy, neurotoxicity decreased, and the quality of life improved[5].

Oxidative damage, pancreatic lesions and diabetes 
Many studies have shown that thymosin alpha 1 has protective effects against oxidative damage. By remarkably amplifying the activity of catalase, superoxide dismutase, and glutathione peroxidase, thymosin alpha 1 reduces the production of reactive oxygen species and prevents oxidative damage to hepatic tissue. Thymosin alpha 1 has well-established antiproliferative properties seen with various human malignancies and this is a result of its capacity to decrease oxidative stress[6]. It also helps ameliorate pancreatic damage and the resulting diabetes by reducing the production of malondialdehyde and by improving the function of superoxide dismutase and catalase. The antioxidant properties of thymosin alpha 1 are considered to be of great benefit in the treatment of pancreatic lesions[32].

Applications in oncologic patients
Multiple studies have shown promising results for the use of thymosin alpha 1 in patients with metastatic melanoma, head and neck carcinoma, lung cancer, breast cancer, and hepatocellular carcinoma[33]. Thymosin alpha 1 is indicated as adjuvant for chemotherapy-induced immune depression, immune insufficiency, and immune suppression in patients[5]. In addition, it has been shown that thymosin alpha 1 in combination with chemotherapy or radiation improves survival rate in patients with non-small cell lung cancer, which accounts for 85% of all lung cancers and is known for its low responsiveness to chemotherapy[5].

SAFETY AND DOSES
Thymosin alpha 1 is usually found in an injection form and is commonly prescribed by a primary care physician. Thymosin alpha 1 is usually administered twice a week via a subcutaneous route. The standard single dosage ranges from 0.8 to 6.4 mg, while multiple doses range from 1.6 to 16 mg for five to seven days. Utilized in various illnesses such as liver disease, cancer, and autoimmune diseases, thymosin alpha 1 has been shown to be well-tolerated and safe[34].

ADVERSE EFFECTS AND CONTRAINDICATIONS
Thymalfasin, the synthetic form of thymosin alpha 1, is usually well tolerated. The most common adverse effects include local irritation, redness, or discomfort at the site of injection. In clinical trials, the combination of thymalfasin with interferon 2b was reported to have rare side effects such as fever, fatigue, muscle aches, nausea, vomiting, and neutropenia when compared to interferon-alpha 2b alone or with placebo[34]. Thymalfasin is contraindicated in patients with hypersensitivity to thymosin alpha 1 or any of the components of the injection. Due to the immunomodulatory action of thymalfasin, it is also contraindicated in immunosuppressed patients, such as organ transplant recipients, unless the benefits of the treatment exceed the risks[35].

EVIDENCE FROM PREVIOUS HUMAN CLINICAL STUDIES
Thymosin alpha 1 has been utilized in various cases to enhance cell-mediated immunity and for the treatment of a multitude of different diseases (Table 1). A study was performed to demonstrate the effect of thymosin alpha 1 in the human breast cancer lines ZR-75-1, MCF-7, MDA-MB-231, MCF-10A and BT-549. For this experiment, thymosin alpha 1 was dissolved in sterile water and stored in 2 mL plastic tubes at -20 °C. Results showed that thymosin alpha 1 inhibited cell proliferation and induced apoptosis in human leukemia, non-small cell lung cancer, melanoma, and other cancers. Apoptosis was significantly induced in human breast cancer and leukemia cell lines with a thymosin alpha 1 concentration of 100 to 160 IM. Additionally, data exhibited that ZR-75-1 and MCF-7 cells display different sensitivities to thymosin alpha 1. In general, the study revealed that thymosin alpha 1 could be a possible approach to breast cancer treatment[36]. Other studies demonstrate that thymosin alpha 1 could be a promising therapy for severe sepsis. Various small-scale studies as well as a large-scale, multicenter, single-blinded, and randomized control trial were conducted in six tertiary teaching hospitals in China, with the purpose of demonstrating the vital role thymosin alpha 1 plays in sepsis therapy. Patients admitted to the intensive care unit with severe sepsis were distributed randomly among the control group and the thymosin alpha 1 group. Hypodermic injections of 1.6 mg of thymosin alpha-1 or normal saline were distributed to all individuals two times a day for five days; afterwards, the dose was reduced to once per day. Results showed that the thymosin alpha 1 group was 9.0% lower in mortality rate than the control group[21].
As discussed above, one of the strongest properties of thymosin alpha 1 is its role in the activation of T cell responses in the body. A study in seven patients with chronic hepatitis caused by hepatitis B virus tried to identify the immunomodulatory properties of thymosin alpha 1. Each individual was treated for a total of 24 wk with a hypodermic injection at a dose of 1.29/0.4 mg/body/day six times weekly for the first 2 wk and then twice weekly for an additional 22 wk. Subsequently, liver biopsies were performed to gather data. The serum alanine transaminase levels improved to 47.39/17.0 IU/L and normalized in 42.9% of patients after 48 wk of treatment. However, complete disappearance of serum hepatitis B virus deoxyribonucleic acid was seen in 28.6%. Thymosin alpha 1 also affected maturation of T-cells, demonstrating its high immunomodulatory properties. Overall, it has been reported that combination therapy with thymosin alpha 1 and IFN-α has demonstrable biological activity in patients with viral hepatitis[37].

THYMOSIN ALPHA 1/ THYMALFASIN VS THYMOSIN BETA 4/ TIMBETASIN
Thymosin alpha 1 and thymosin beta 4 are two hormone peptides that are secreted from the thymus and have vastly different chemical compositions and immunological actions. These proteins are separated from thymosin fraction 5 and have the potential to change a variety of immune functions in mammals. Thymosin alpha 1 is thought to be responsible for rebuilding the immune system by enhancing cell-mediated immunity in animals without a thymus gland. Thymosin beta 4 is in the family of actin monomer-sequestering proteins which essentially regulate unpolymerized actin and have an active role in maintaining the free G-actin monomers in the cytoplasm. Thymosin alpha 1 is clinically relevant in various types of cancer, specifically hepatocellular carcinoma, lung cancer and melanomas. Thymosin beta 4, has a strong response to virally infected cells. It is currently being tested as a possible therapy against influenza, HIV, and acquired immune deficiency syndrome[38-41].

COULD THYMOSIN ALPHA 1 IMPROVE THE OUTCOMES IN COVID-19 PATIENTS? 
The COVID-19 pandemic has had a worldwide impact and multiple studies have shown the immunological effects of this disease. All countries affected by SARS-CoV-2 are focused on searching for an effective treatment. Thymosin alpha 1 has a very prominent role in both immunity control and inflammation (Table 2). So far, it has been used in various pathologic conditions: Infections, sepsis, immune deficiencies and malignancies, just to name a few. It has also been found to curb mortality in several of them, such as sepsis and HIV infection. Although clinical studies on the efficiency of thymosin alpha 1 in treating COVID-19 are still limited, it would be of great value to further explore the potential benefits that this drug can bring about in mitigating the devastating effects of the current pandemic.
A recent study in COVID-19 patients demonstrated how thymosin alpha 1 significantly promoted the proliferation of activated T cells and this led to a critical prevention of lymphopenia in infected patients. In total, there were 25 severely and critically ill patients who participated in the study. Eleven of them received daily treatment of thymosin alpha 1 for one week, while the rest of the patients remained untreated. Data illustrates that patients in the thymosin alpha 1 treatment group had a higher number of lymphocytes than patients without treatment[42]. In another retrospective study conducted in China, patients in the treatment group received subcutaneous injections of 10 mg thymosin alpha 1 once per day for at least seven consecutive days. Thymosin alpha 1 supplementation showed improvement and restoration of T cell counts in COVID-19 patients with severe lymphocytopenia and, in the end, thymosin alpha 1 supplementation reduced mortality in patients severely ill with COVID-19[30].
In COVID-19 treatment, it has been postulated to administer thymosin alpha 1 as an intramuscular injection for 7 d for patients who have CD8 cells less than 400/μL and CD4 cells less than 650/μL. This is postulated on the understanding that thymosin alpha 1 induction showed improvement in T cell number in elderly patients with comorbidities like hypertension and cardiovascular diseases. Healthy people who are older than 60 years of age should receive thymosin alpha 1 as a supplement to prevent COVID-19 infection[43]. It has also been suggested that thymosin alpha 1 taken before administration of methylprednisolone in COVID-19 patients may prevent steroid-induced death of thymocytes[44]. The National Health Commission of China included thymosin alpha 1 as an alternative treatment option for patients with lymphocytopenia or immunodeficiency.
Currently, there are various ongoing clinical trials registered on clinicaltrials.gov of thymosin in COVID-19 patients (Τable 2).

CONCLUSION
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Thymosin alpha 1 is a thymus peptide with recognized immune modulating capacity and biochemical properties. The synthetic analogue of thymosin alpha 1, thymalfasin, induces IL-2 and B cell growth factor production, differentiation of immature cord blood lymphocytes, raises efficiency of macrophage antigen presentation, and the modulation and partial normalization of function and number of T-lymphocytes. The effects of immune stimulation occur through TLR action in both the myeloid and plasmacytoid dendritic cells with production of cytokines. The immunosuppressive effects of the SARS-CoV-2 viral envelope in inducing cytokine storm may be modulated with thymosin alpha 1 therapy. This would be especially beneficial in preventing catastrophic events such as cytokine storm in more severe cases. Thymosin alpha 1 and its synthetic analogue thymalfasin have well-studied safety profiles and are well-tolerated with only minor side effects. Clinical studies have demonstrated the significant role of thymosin alpha 1 in immune and inflammatory responses, and extensive research has shown its effective use in a myriad of diseases ranging from hepatitis and HIV to immune deficiencies and cancers, as well as its use as a vaccine adjuvant.
Within the context of COVID-19 infection, it has been shown to reduce mortality in those with severe disease and aid in restoring some immune function through increasing thymic activity. Further study would be highly beneficial in determining if thymosin alpha 1 could serve as a therapeutic agent or in combination with other treatments to mitigate the progression and severity of the disease. For this purpose, we can conclude that further studies are mandated for using thymosin alpha 1 in these patients.
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Figure Legends
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Figure 1 Thymosin alpha 1 has a wide range of biological activities. IL: Interleukin; IFN: Interferon; TLR: Toll-like receptors.
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Figure 2 Clinical applications of thymosin alpha 1.

Table 1 Table summarizing pre-clinical and clinical studies
	Pre-clinical studies

	Ref.
	Year
	Application of thymosin alpha 1

	Guo et al[36]
	2015
	The anti-tumor effect of thymosin alpha 1 was studied on human cancer cell lines. The study concluded that thymosin alpha 1 can decrease proliferation and induce apoptosis in human leukemia, non-small cell lung cancer, melanoma, and other cancers. The study concluded that thymosin alpha 1 could be an approach to breast cancer treatment

	Clinical studies

	Sherman et al[29]
	2010
	Thymosin alpha 1 was tested as monotherapy and in combination with interferon-alpha for the treatment of chronic hepatitis B. It was also shown to stimulate IL-2 receptor expression and IL-2 internalization and to enhance immune response in patients with immunodeficiency

	Eckert et al[30]
	1994
	Combination therapy of thymosin alpha 1 and pegylated interferon alpha 2a preferred over interferon monotherapy for the treatment of chronic hepatitis C

	Li et al[8]
	2015
	Significant decrease in mortality due to multiple organ failure in patients with sepsis

	Li et al[6]
	2010
	Thymosin alpha 1 can be safely used as an adjuvant to antiretroviral therapy in HIV patients. It helps increase CD4+ count, stimulates the function of CD4+ cells, and helps decrease viral load. By amplifying the activity of catalase, superoxide dismutase, and glutathione peroxidase, it decreases oxidative damage to tissues. Thymosin alpha 1 reduces tumor cell proliferation in human malignancies by decreasing oxidative stress

	Matteucci et al[2]
	2017
	Thymosin alpha 1 significantly increases levels of sjTREC in patients with advanced HIV disease

	Camerini et al[1]
	2015
	Thymosin alpha 1 can be used in pseudomonas infections or infections following bone marrow transplant

	Antachopoulos et al[7]
	2012
	Thymosin alpha 1 might be effective against mold toxicity

	King et al[13]
	2016
	Thymosin alpha 1 increases cytokine production and is expected to be beneficial in immunocompromised patients

	Pica et al[4]
	2018
	It has been postulated that thymosin alpha 1 can help regulate immunity and reduce inflammation in patients with psoriatic arthritis

	Panatto et al[31]
	2011
	Thymosin alpha 1 has shown promising results as an adjuvant to the influenza vaccine

	Carraro et al[3]
	2012
	Thymosin alpha 1 improves immunogenicity of the influenza vaccine

	Qin et al[32]
	2009
	Thymosin alpha 1 can reduce oxidative damage to the pancreas and mitigate the risk of resulting diabetes

	Costantini et al[33]
	2019
	Thymosin alpha 1 has shown promising results in patients with malignancies, such as metastatic melanoma, head and neck carcinoma, lung cancer, breast cancer, and hepatocellular carcinoma

	Romani et al[21]
	2007
	A single-blind randomized control trial was conducted in six tertiary hospitals in China to study the beneficial effects of thymosin alpha 1 on patients with sepsis. The results showed 9% lower mortality in the treatment group compared to the control group

	Sugahara et al[37]
	2002
	Patients with chronic hepatitis B who were treated with thymosin alpha 1 showed an overall improvement in serum ALT levels. ALT levels were reduced to normal in 42.9%. A total disappearance of serum HBV DNA was noted in 28.6% of patients


IL: Interleukin; sjTREC: Signal joint T cell receptor excision circles; HIV: Human immunodeficiency virus; ALT: Glutamic-pyruvic transaminase; HBV: Hepatitis B virus; DNA: Deoxyribonucleic acid.


Table 2 Summary of ongoing clinical trials of thymosin and coronavirus disease 2019
	Clinical trial number
	Location
	Status
	Condition
	Intervention
	Results

	NCT04428008
	United States
	Not yet recruiting
	COVID-19
	Drug: Thymalfasin
	Not yet available

	NCT04487444
	United States
	Recruiting
	COVID-19
	Drug: Thymalfasin
	Not yet available

	NCT04268537
	China
	Not yet recruiting
	COVID-19
	Drug: PD-1 blocking antibody + standard treatment; Drug: Thymosin + Standard treatment; Other: Standard treatment
	Not yet available

	NCT04320238
	China
	Recruiting
	COVID-19
	Drug: Recombinant human interferon Alpha-1b; Drug: Thymosin alpha 1
	Not yet available


Data retrieved from clinicaltrials.gov on October 5th, 2020. COVID-19: Coronavirus disease 2019.
image2.png
Decreasing
toxicity from
chemotherapy

Oxidative
damage

Thymosin alpha 1

Sepsis.

i

Hepatocellular
carcinoma




image1.png
TLR-2 agonist
and
TLR-9 agonist

Increases
IL-2; IL-10; Decreases
IL-12; IFN-a; viral
IFN-y replication

Thymosin

alpha 1
Increases T

cell
maturation Decreases IL-
into 1B and TNF-a

CD4+/CD8+




