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Abstract  

Background. Alpha1-antitrypsin (AAT) is a circulating tissue-protective glycoprotein 

that holds immunomodulatory activities without compromising pathogen 

host-defense. AAT physiologically rises in response to infection, inflammation and 

tissue injury. Patients with genetic AAT deficiency experience non-smoking lung 

emphysema, vasculitis, panniculitis and impaired wound healing; they receive 

lifelong weekly infusions of clinical-grade plasma-derived AAT. According to 

preclinical studies, AAT enhances wound repair, a process that requires acute 

inflammation to initiate, and thus be replaced by, inflammatory resolution. Chronic 

hyperglycemia causes chronic inflammation and, accordingly, impaired wound 

healing. Since the molecular function of AAT is compromised by glycation, it is 

hypothesized that AAT augmentation may improve wound healing in diabetic 

individuals. While presently indicated solely for genetic AAT deficiency, its beneficial 

attributes prompted multiple off-label trials for treating recently-diagnosed pediatric 

type 1 diabetes and steroid-refractory graft-versus-host disease. In those and other 

clinical trials, its safety record is notable. Here, a clinical case study is presented in 

which a diabetic patient suffered a gunshot wound and had subsequently received 

AAT augmentation therapy. Methods. A 48-year–old male with poorly controlled 

diabetes was admitted following a gunshot wound to the face, requiring three 

mandibular repair procedures and a fibula-to-jawbone microvascular reconstruction. 

Despite conventional care, wounds failed to heal for 3 months; the mandibular site 

remained purulent and the fibula-site wound developed dehiscence. Upon consent, 5 

weekly slow-drip 60 mg/kg AAT infusions were provided, alongside direct topical 

application. Serum samples were obtained before and after infusions. Results. AAT 

was well tolerated. The leg wound developed granulation tissue and decreased in 

size, facial and neck fistulas demonstrated excellent response and the larger wounds 

progressively healed. The patient was discharged after the 5th infusion, able to speak 

and eat solid food. As expected, both serum AAT and elastase-inhibitory capacity 

increased upon AAT augmentation; in-vitro, pre-treatment serum inhibited epithelial 

gap closure, while post-treatment sera samples enhanced re-epithelialization. 

Conclusions. It is suggested that AAT is suited for drug repurposing to treat patients 

with impaired wound healing, particularly in the context of hyperglycemia. More 
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clinical studies are urged to create an evidence-based resource for customized AAT 

application in patients with impaired wound healing.  

 

Keywords: Diabetic wound, drug repurposing, hyperglycemia, inflammation, 

microvascular reconstruction, tissue repair  
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Background 
 

Human α1-antitrypsin and diabetes  

Protease inhibitors protect tissues from excessive destruction primarily by 

inhibiting tissue-degrading proteases [1]. Human α1-antitrypsin (AAT) is a 52 kDa 

circulating glycoprotein that belongs to the family of serine protease inhibitors 

(SERPIN). It circulates in the blood at steady-state levels of 1-2 mg/ml [2] and rises 

4-6–fold upon events of infection, inflammation and/or tissue injury, for the duration 

of a week or longer. It also rises in the blood during the third trimester of a healthy 

pregnancy, where it appears to be required to support the stressed tissues and to 

promote immune tolerance towards the fetus [3–6]. 

At the molecular level, AAT inhibits inflammatory serine-proteases, such as 

neutrophil elastase, which would otherwise disrupt tissue junctions so as to allow 

neutrophils to extravasate and invade, as well as cleave and activate 

protease-activated receptors (PARs) on the surface of immunocytes, and cleave and 

activate locally deposited cytokine precursors, such as pro–IL-1β released from 

necrotic cells [7]. AAT also harbors activities that are independent of its anti-protease 

function, most probably by binding to local agents [8]. For example, upon binding to 

local nitric oxide, AAT becomes anti-bacterial and reduces bacterial burden in 

several sepsis models [9,10]. It is not unexpected, therefore, that the hallmark finding 

in genetic AAT deficiency (AATD) is spontaneous lung alveolar degradation 

associated with excessive elastase activity. Interestingly, individuals with AATD also 

suffer from various types of vasculitis and deep tissue necrosis [11]. They present 

with dermatological manifestations, such as psoriasis, urticaria and angioedema [12], 

and suffer from impaired wound healing [13,14].  

Patients with genetic AATD are spared from non-smoking pulmonary emphysema 

by life long weekly infusions of clinical-grade plasma-derived affinity-purified AAT 

[15]. Under AAT augmentation therapy, patients also experience diminished 

incidence of lung cancer, superior recovery from bacterial and viral pneumonia and 

better resolution of skin-related conditions [16,17]. In a case report of an AATD 

patient that was not under AAT augmentation therapy, and had severe postoperative 

wound healing disruption in both chest and abdominal surgical sites, wounds had 

closed 10 days after initiation of AAT augmentation [14].  
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The cellular targets of AAT have been extensively studied. AAT is presently 

depicted as a primal pro-resolution immunomodulator that affects the behavior of 

neutrophils, macrophages, dendritic cells and B lymphocytes, but does not directly 

affect responses of T cells and tumor-directed NK cells [18]. These effects are 

believed to be mediated through a non-obvious selective divergent modulation of 

NF-κB subunits [19], allowing p65 to enter the nucleus, unlike in the presence of 

corticosteroids, and promote the expression of, e.g., p65-obligatory interleukin-1 

receptor antagonist (IL-1Ra) [8]. AAT is physiologically oxidized by 

neutrophil-derived free radicals, allowing activated neutrophils to advance through 

tissues; this state of AAT is reversible and it regains its tissue-protective function 

once neutrophils pass on [20].  

Pathways affected by AAT have been explored primarily by use of clinical-grade 

AAT. Thus, AAT was found to promote the production of vascular endothelial growth 

factor (VEGF) during inflammatory conditions (24). While AAT is not an angiogenic 

agent, AAT does improve mature blood vessel formation [21,22] and decreases the 

amount of necrotic tissue in skin flap revascularization studies [21,23]. Accordingly, 

the gene promoter of AAT is directly induced by hypoxic conditions [24] and it has 

been proposed that lung emphysema in AATD patients is actually the manifestation 

of the pulmonary vascular bed failing to regenerate [25–27]. Similar to its impact on 

revascularization, AAT accelerates epithelial gap closure in various in-vitro epithelial 

scratch assays [19,28]. By affecting these critical pathways involved in wound repair, 

AAT accelerates excisional skin wound healing in acute wound models, administered 

by systemic routes, topical and intradermal infiltration [28,29]. Evidence suggests 

that the enhanced reparative profile of tissues under AAT-rich conditions is not 

restricted to the skin, as tissue repair by AAT is also evident in other clinical and 

preclinical scenarios, such as ischemic heart disease [28,30,31], inner-ear cochlear 

injury [30,32], cerebral stroke [33–35] and gastrointestinal inflammation [36,37]. 

Collectively, AAT promotes tissue repair processes at multiple levels [12,38–40].  

The impact of AAT on the survival and function of pancreatic islet β-cells is an 

outstanding example of its tissue-protective attributes [41–43]. AAT promotes insulin 

secretion and protects β-cells from direct IL-1β–induced apoptosis [41], both in-vitro 

and in models of islet allografts where it promotes both revascularization [22] and 

IL-1Ra production [8]. Accordingly, expression of AAT in nonobese diabetic (NOD) 
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mice significantly reduces insulitis and prevents the development of spontaneous 

hyperglycemia [44–46]. In accordance with the impact of AAT on immune tolerance 

[22,40], AAT plays a role in moderating the autoimmune responses associated with 

type 1 diabetes (T1D), and early intervention with AAT shows promising outcomes in 

several clinical trials [42,47,48]. Indeed, while individuals with T1D have normal 

levels of circulating AAT, it appears to be glycated [49–51] and, thus, void of 

anti-proteolytic function [47,52]. This phenomenon is also present in patients with 

type 2 diabetes (T2D) [47,53,54]. Interestingly, during gestational diabetes, serum 

AAT levels are consistently higher compared to normal pregnancies, yet its 

anti-protease activity is, again, reduced [51]. 

 

Wounds under hyperglycemic conditions in relation to α1-antitrypsin   

The rapid and escalating inflammatory response during early wound healing is 

required to trigger processes of decontamination, activate cell migration, attract and 

direct critical repair-associated immune and non-immune cells, e.g., neutrophils and 

epithelial cells, and render blood vessels leaky so as to irrigate the injured site with 

plasma [55]. This aggressive phase of inflammation, though destructive by nature, is 

indispensable; it is required in order to initiate pathways of inflammatory resolution 

and prompt the next stage of wound healing, i.e., proliferation of dermal fibroblasts 

and keratinocytes and the generation of a tissue rich in blood vessels, i.e., the 

granulation tissue. Remodeling then occurs as fibroblasts convert to myofibroblasts 

and shrink the wound site, as they deposit extracellular matrix (ECM) proteins to 

support the evolving structures. Along with apoptosis of the overgrown cell 

population, the tissue ideally returns to its physiological function [56,57]. Normally, in 

the early stages of wound healing, M1 macrophages dominate the wound site, 

releasing pro-inflammatory cytokines, chemokines and proteolytic enzymes, while 

clearing pathogens and dead tissue. As the healing process advances, a switch 

towards M2-like macrophages occurs, a phenotype characterized by 

anti-inflammatory cytokines and growth factors that promote tissue repair, 

angiogenesis and collagen synthesis [56]. AAT has been shown to promote the 

differentiation of macrophages towards tissue-protective M2-like macrophages 

[58–60], agreeing with reduced inflammation in conditions rich in AAT. Incorrect 

orchestration of the phases of tissue repair may lead to wounds that fail to heal. 
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These present with a significant risk of infection, are frequently painful, can lead to 

the severing of tissue or limb, and might be lethal [61]. Indeed, difficult-to-heal 

wounds are a complex clinical challenge that currently lacks an effective treatment 

[62].  

Under chronic hyperglycemic conditions, the physiological process of wound 

healing is impaired [63,64]. In patients with diabetes, wound healing is slow and, 

more dangerously, is prone to become chronic, infected, extend to the bone and risk 

lower-extremity amputation [65,66]. Diabetic foot ulcers, for example, are responsible 

for an unacceptable 50-70% five-year mortality rate [66]. The failure to progress to 

the M2-like phenotype takes an important part in the diabetic wounds [67]. 

Hyperglycemia affects protein synthesis, migration and proliferation of keratinocytes 

and fibroblasts, thus creating a non-resolving inflammatory phase marked by the 

accumulation of unopposed neutrophils and M1 macrophages; concomitantly, the 

wound site depicts elevated production of tissue-degrading proteases and matrix 

metalloproteinases [56,62,68], as well as dysregulated angiogenesis, elevated 

reactive oxygen species (ROS), and persistent bacterial colonization that often forms 

a biofilm [68]. This loss of healthy tissue homeostasis can be further exacerbated by 

infection, such as P. aeruginosa, which recruits M1 macrophages to the wound bed 

[65]. Interestingly, AAT has been shown to be particularly effective in reducing the 

burden of P. aeruginosa [69], as observed during studies of inhaled AAT in patients 

with cystic fibrosis [70]. Hyperglycemia also induces oxidative stress via an excess of 

advanced glycation end products (AGEs) and the activation of their receptors [63]. 

AGEs prolong the inflammatory response, impair wound contraction and negatively 

impact ECM remodeling in the diabetic wound, alongside promoting an imbalance 

between ROS and antioxidant compounds [68,71,72]. Collectively, under such 

conditions, AAT is neutralized by both glucose, and ROS. 

 

Off-label AAT studies: clinical indication, patient age, treatment dose and route 
of delivery 

AAT is presently indicated for genetic AAT deficiency at 60 mg/kg slow-drip i.v. 

infusion once a week, for life, with the goal of preventing pulmonary emphysema 

[73]. In an attempt to diminish the frequency of infusion sessions, a dose of 120 
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mg/kg [74,75] and a dose of 240 mg/kg [76] were evaluated and found to be safe in 

individuals with genetic AATD. The effect of genetic AATD on lungs is usually absent 

before adulthood, thus, augmentation therapy in the pediatric population has not 

been tested in the context of AATD. Indications other than genetic AATD were tested 

as soon as evidence was provided for the tissue protective attributes of AAT, as 

reviewed elsewhere [77]. In these studies, participants have initial normal 

concentrations of circulating AAT, lending important information regarding the safety 

of AAT augmentation in individuals without AATD (Table 1).  

Three independent clinical trials explored the effects of AAT infusions on 

individuals with T1D; in all, the treatment represents off-label use per clinical 

indication, as well as, in some groups, off-label for age and dose plan. The premise 

was that residual islet mass may be protected by AAT, and that unlike most 

immunosuppressive agents, AAT is not diabetogenic; thus, all trials were conducted 

in recently-diagnosed individuals. The pioneering trial was performed at the Barbara 

Davis Center for Childhood Diabetes, University of Colorado Denver, USA [78]. 

Twelve T1D subjects that had detectable insulin production received 8 weekly 

infusions of AAT 80 mg/kg and were then followed for 1 year. The youngest was 12 

years old, and no adverse events were observed. Circulating AAT levels were not 

tested after infusions. According to outcomes, therapy with AAT either increased 

insulin production or inhibited its chronic decline in some of the patients. 

Subsequently, a Harvard School of Medicine open-label, dose-escalation study 

enrolled 8 children ages 8-15 years old and 8 adults ages 16-35 years old [15]; they 

received weekly AAT 45 mg/kg for 6 weeks and 90 mg/kg for another 6 weeks. The 

majority of adverse events were instances of hypoglycemia, which are expected 

when individuals with T1D are treated with standard-of-care insulin during periods of 

improved blood glucose control. Mean serum levels of AAT were <2.0 mg/ml in 7 of 

15 of the subjects within 72 hours after the 90 mg/kg infusion. In Israel, an 

open-label course of 18 infusions spread over 37-weeks with doses of 40, 60, or 80 

mg/kg AAT [48]. Upon completion of the trial, an open-label extension study 

demonstrated that the administration of multiple repeated AAT infusions (up to 36) to 

pediatric diabetic patients is safe and well-tolerated for up to 5 years [79]. 

Subsequently, a phase II, double-blind, randomized, placebo-control trial included 

two AAT treatment groups, 60 and 120 mg/kg once weekly for 12 weeks, then once 
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every two weeks for 2 months, and then at the end to the year 6 weekly infusions, 

totaling 22 infusions [80]. The youngest patient was 8 years old. Most strikingly, at 

the mark of 1 year, the 120 mg/kg group had 3-fold more patients with HbA1c ≤7%, 

which is the desired value in diabetic patients [81], and an overall significantly lower 

mean HbA1c value compared to the placebo group (6.7%±0.9% vs. 8.2±1.4%, 

respectively). The prospect of involving AAT infusions for addressing diabetes is 

further reviewed elsewhere [44]. 

AAT was also tested for preserving insulin secretion in patients undergoing total 

pancreatectomy with islet auto-transplantation [82]. While pancreatectomy is 

essential in relieving symptoms of severe or chronic pancreatitis, up to 70% of 

patients will require lifelong exogenous insulin. Thirteen patients that underwent 

post-pancreatectomy islet auto-transplantation received 6 weekly 90 mg/kg 

intravenous AAT from the day before surgery until 28 days after, while 14 patients 

received treatment with a TNFɑ inhibitor, and 16 patients underwent islet 

auto-transplantation alone. Adverse effects were recorded for a year and did not vary 

between the groups. Interestingly, a significant preservation of insulin secretory 

response under AAT treatment was observed only among female participants. 

Being that autoimmunity and functional cell viability in T1D and islet 

transplantation appeared to be diverted by AAT without compromising host-defense, 

graft-versus-host disease (GVHD) was considered for testing AAT augmentation. 

Acute GVHD, an unfortunate complication of bone marrow transplantation, might 

become refractory to systemic steroid rescue therapy in up to 50% of patients, who 

then have less than 30% chance of survival [83]; in the case of gastrointestinal 

involvement, loss of AAT via stool correlates with acute GVHD severity [84]. The 

rationale for use of AAT in acute GVHD with GI involvement is, therefore, both for 

addressing immune regulation, and gut epithelial integrity. In a recent clinical trial, 

patients with steroid refractory acute GVHD received twice weekly AAT 60 mg/kg, 

i.e., double the frequency that is afforded to individuals with genetic AAT deficiency, 

for up to four weeks [85]. Treatment was well tolerated. Serum AAT levels increased 

from 1.47±0.1 mg/ml at baseline (N=10, mean±SEM) to an average of 1.97 mg/ml 

after two weeks (4 infusion sessions, paired comparison p=0.004) and then 2.15±0.2 

mg/ml at 4 weeks (Table 1). In four patients, serum AAT did not rise from baseline in 

the first 4 weeks. Changes in serum albumin were not observed. Predictably, the 
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severity of the condition and the high dose of immunosuppression brought about 

infection and sepsis in several patients, yet they were all observed thirty days after 

the last infusion of AAT. Surprisingly, within 4 weeks from treatment initiation, the 

overall clinical response rate to therapy was 65% and complete response rate was 

35%. At day 60, a positive clinical response was sustained in 73% of patients without 

requirement for immunosuppression. Two more trials report consistent outcomes 

[86,87], and it is presently suggested that AAT may be considered in GVHD 

management before steroid-refractory disease is established [88]. 

Similar to cell transplantation settings, ischemic heart disease (IHD) represents a 

sterile inflammatory tissue-destructive condition. Initial evidence for benefits of AAT 

for IHD patients arose from a study that determined circulating AAT levels in patients 

entering the ICU; according to that study, patients who had higher AAT levels had a 

lower incidence of cardiogenic shock and lower mortality rates [89]. Based on 

positive preclinical outcomes in a mouse model of cardiac ischemia [90], 10 non-AAT 

deficient patients with acute ST-segment elevation myocardial infarction (STEMI) 

were enrolled in an open-label, single-dose treatment study of AAT at 60 mg/kg 

infused intravenously within 12 hours of admission [38]. Patients were followed 

clinically for 12 weeks; AAT was well tolerated and there were no in-hospital adverse 

events. Plasma AAT levels increased from average 1.49 mg/m at admission to 2.03 

mg/ml after 72 hours. Serum elastase inhibition capacity was not tested. In a 

post-hoc analysis, data prove that a single dose of AAT given within hours from 

coronary event shortens the duration of the ischemia-reperfusion injury [91]. 

As far as off-label testing for routes of AAT treatment, both inhaled and topical 

AAT have been reported (Table 2). Cystic fibrosis (CF) patients have airways that 

are inflamed, and are marked by the presence of neutrophils that generate excessive 

levels of elastase that overwhelms the local anti-protease defense mechanism. The 

airways are also characterized by recurrent P. aeruginosa infections [92]. Inhaled 

AAT has been shown to significantly decrease airway inflammation in CF patients, as 

demonstrated across several clinical trials [70,93,94]. The rationale for treatment 

included not only the anti-elastase activity of AAT that is expected to counter 

excessive elastase activity, but also its anti-inflammatory attributes, its anti-bacterial 

properties and the intimate relation to an intact lung tissue. As early as 2007, a 

prospective multicenter, randomized, open-label, parallel group trial provided 52 
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patients diagnosed with CF with daily depositions of 25 mg inhaled AAT for four 

weeks [70]. According to study outcomes, sputum AAT levels increased at both 2 

and 4 weeks. In addition, AAT inhalation decreased the percentage of neutrophils in 

the sputum, slightly reduced the levels of free elastase, and, interestingly, 

significantly reduced P. aeruginosa counts. No serious adverse events were 

observed. Similarly, safety was demonstrated using 77 mg inhaled AAT in 6 healthy 

subjects and 15 patients with CF [94], as well as using 100 mg and 200 mg inhaled 

AAT in 20 subjects with CF, once daily for 3 weeks [93]. Of note, the use of inhaled 

AAT for patients with AATD has been considered, primarily as a measure for 

improved patient compliance when compared to weekly infusion sessions, as well as 

for cost considerations, yet the circulating levels obtained by inhalation did not 

achieve AAT augmentation goals [95,96]. 

Topical AAT was tested in a rare disorder, Netherton Syndrome, affecting the 

skin, hair and immune system, in a double-blind, randomized, placebo-controlled trial 

[97]. AAT gel vs. placebo were applied twice daily for 21 days to two symmetrical 

areas of 50 cm2 on the limbs. No adverse effects were observed. Interestingly, 

transepidermal AAT is presently under consideration for genetic AAT deficiency [98]. 

In that study, a 3D human epidermis equivalent reconstructed from human primary 

epidermal keratinocytes was used to show that AAT freely diffuses across epidermis 

layers in a concentration and time-dependent manner.   
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Table 1. Off-label clinical indications for AAT augmentation therapy 
 

Off-label 
indication  

Pediatric 
subjects 

Dose​
(frequency, duration) 

Serum AAT ​
mean mg/ml  

Serum 
protease  

Ref. 

T1D - 80 mg/kg (weekly, 
8 weeks) 

Not tested Not 
tested 

[78]  

≥8 yrs 45 mg/kg (weekly, 6 
weeks) → 90 mg/kg 
(weekly, 6 weeks) 

Before last 
injection: 
adults, an 
increase of 
0.31±0.12; 

pediatric, an 
increase of 
0.42±0.22 

Not 
tested 

[15]  

≥10 yrs  40 or 60 or 80 mg/kg  
(weekly, 12 weeks) → 
(every 2 weeks, 2 
months) → (every 
month,2 months) 

Not tested Not 
tested 

[48] 

≥14 yrs 40 or 60 or 80 mg/kg 
(weekly, ≤36 weeks) 

Not tested Not 
tested 

[79] 

≥8 yrs  60 or 120 mg/kg 
(weekly, 12 weeks) → 
(every 2 weeks, 2 
months) - gap - (weekly, 
6 weeks) 

Not tested Not 
tested 

[80] 

Islet 
transplant 

- 90 mg/kg (weekly, 6 
weeks) 

Not tested Not 
tested 

[82] 

Steroid 
refractory 

acute 
GVHD 

- 60 mg/kg (×2 per week, 
4 weeks) 

Baseline: 1.47  
Week 2: 1.97 
Week 4: 2.15  
Week 8: 1.66  

Not 
tested 

[85] 

- 90 mg/kg → 30 mg/kg 
(every other day, 6 
doses) → 120 mg/kg 
(weekly, 7 weeks) 

Not tested Not 
tested 

[87] 

- 90 mg/kg → 30 mg/kg or 
60 mg/kg (days 3, 5, 7, 9, 
11, 13 and 15) 

Not tested Not 
tested 

[86]  

Cardiac 
disease 

- 60 mg/kg (within 12 hrs 
from ICU admission) 

Baseline: 1.49  
72 hrs: 2.03 

Not 
tested 

 [38]  
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Table 2. Off-label route of administration  
 

Indication  Pediatric population Route Ref. 

AATD - Inhalation [96] 

AATD COPD exacerbation - [99] 

Cystic Fibrosis ≥8 yrs [70,93,
94] 

Netherton Syndrome - Topical (rAAT*) [97] 
 
* rAAT, recombinant AAT 

 
 

Case study: Off-label AAT for complicated wound in diabetic individual 

A 48-yr-old non-identified male was brought to the Emergency Department of 

Barzilai University Medical Center, Ashkelon, Israel (BUMCA) with a severe avulsive 

gunshot wound to the lower face. He was fully awake and responsive (Glasgow 

Coma Scale on arrival 15), but, due to the extensive face injury, unable to speak. He 

was thoroughly examined according to the ATLS guidelines, and intubated to prevent 

airway compromise. After total body CT scan, facial bones reconstruction 

demonstrated complete absence of mandibular bone from the angle of the mandible 

on the right, to the molar teeth area on the left, in addition to severe soft tissue deficit 

(Fig. 1). Following tracheostomy, wounds were debrided from shrapnels and necrotic 

tissue and sutured with drains according to the principles of damage control.  

While at the ICU, the patient was identified by his family and his medical history 

revealed uncontrolled diabetes and obesity. Past medical records indicated poor 

glycemic control (random measurement blood glucose of 644 mg% and HbA1c 

14.6%). Strict glycemic control was initiated. One week following the initial injury 

(Fig. 1, 7 Oct.), the patient demonstrated worsening neck swelling, purulent 

discharge from wounds, fever and rising numbers of WBC. A second exploratory 

surgery was scheduled for extensive lavage and fine debridement of necrotic 

tissues, while patient scans were used to produce a 3D reconstruction model of his 

native mandible; a patient-specific titanium plate (PSTP) was printed for stabilization 

of facial fractures. Two weeks following admission, the patient underwent fracture 
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fixation with PSTP and revision of wounds (Fig. 1A). Discharged from the ICU to the 

unit, he continued to exhibit poor wound healing with persistent formation of intraoral 

and skin fistulas, despite broad antibiotic coverage and routine wound lavage. 

Throughout the hospital stay, wound cultures were positive for Candida auris, 

Citrobacter koseri, Enterococcus faecalis, Clostridium difficile, Proteus mirabilis and 

Staphylococcus MRSE. Despite combined advanced antibiotic regimens, infection 

persisted without resolution. During the entire time, the patient was on strict glycemic 

control. 

Two and a half months following admission, fibula osteocutaneous free flap was 

harvested to reconstruct the mandible and the soft tissues of the face (Fig. 1B); 

during the surgery, further wound debridement was performed, yet wounds persisted 

with discharge and positive cultures. Two additional surgical interventions were 

required for closure of oral fistulas. However, overall condition showed marginal 

improvement with regular wound irrigations. The fibula harvest site exhibited an 

extremely slow course of healing, with residual necrotic areas, and had subsequently 

developed wound dehiscence.  

Following multidisciplinary team discussion, treatment was initiated with AAT 

infusions (Glassia®,1 g / 50 ml solution, Kamada LTD, Ness Ziona, Israel; weekly 60 

mg/kg slow-drip infusion sessions, a course borrowed directly from AATD treatment 

protocols, for 5 weeks), supplemented with topical application to both neck and leg 

wounds. Aside from standard wound care, no other treatment during this period was 

applied to the wounds. Within days, small gaps between stitches had sealed, and 

two weeks later, the purulent discharge in the neck fistula started to dry out and the 

patient exhibited overall marked improvement in wound healing. Soon after the 5th 

infusion, four months from the gunshot injury, the patient was discharged with 

complete neck and leg wound closure. His condition at the 6-month time point, as a 

regular outpatient under long-term follow-up, is depicted in Figure 2. He can speak, 

and eat solid foods. 

Serum samples were collected prior to AAT initiation, and then again at 1 and 4 

days from infusion. Samples were used to determine AAT levels by commercial 

ELISA according to manufacturer’s instructions (ICL, Portland, OR, USA) and 

elastase inhibition capacity using commercial kit, according to manufacturer’s 

instructions (Sigma-Aldrich, St. Louis, MO, USA) (Table 3). As expected, circulating 
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AAT levels increased upon infusion. Notably, serum capacity to inhibit elastase 

in-vitro was markedly enhanced 1 day from infusion, and less so on day 4 from 

infusion.  

The impact of serum on human epithelial gap closure assay was performed, in 

which the effects of patient serum samples were compared to sera obtained from 

three healthy individuals (approved by the Ethics Committee of Soroka Hospital SOR 

1106-2018, ensuring adherence to ethical guidelines for biomedical research). 

Briefly, in-vitro epithelial gap closure assay was performed using A549 cells. Cells 

were grown to confluence in 24-well plates and uniform linear wounds were inflicted 

using a sterile 200-µl pipette tip, thus creating a cell-free area, as described 

elsewhere (37,53). Cultures were washed twice with complete RPMI 1640 

supplemented with 2.5% FCS (both from Biological Industries Inc., Beit Haemek, 

Israel). Treatments were introduced directly onto cells at 1:10 dilution in 2.5% FCS; 

control conditions included 2.5% media alone. Images were acquired immediately 

after wounding and 24 hours later using a photomicroscope (Zeiss), cell-free areas 

were digitally marked and analyzed by ImageJ; outcomes are presented as cell 

density within the gap area at initial wounding. Data are presented as mean±SEM. 

As shown in Table 3, the density of cells that had repopulated the epithelial gap at 

24 hours in the presence of healthy sera was greater than the number of cells under 

patient serum sample 0, i.e., hyperglycemic serum pre-AAT therapy. One day 

post-infusion, the number of cells that had repopulated the gap was greater than 

healthy controls, and after 4 days from infusion, greater than day 1 from infusion, 

though the only statistically significant difference was between control sera and 

day-4 patient serum sample (p=0.019, student t-test). 
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Figure 1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1. Timeline and representative images. Chronological representation from left to right. (A) 
Facial injury. Dashed line, time between plate implantation and initiation of AAT infusions. (B) leg 
wound. Dashed line, time between fibula-to-jaw surgery and initiation of AAT infusions. 
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Figure 2 

 

  

 

 

 

 

 

 

Figure 2. Timeline and representative images post-discharge. Chronological representation from 
left to right. 

 

 

Table 3 
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Discussion  

Every traumatic face injury varies significantly. In particular, a gunshot causes 

comminuted fractures of face bones, tooth injuries, nerve damage, and tissue loss, 

leading to substantial aesthetic and functional impairment. Tissues that come into 

direct contact with the intense force of a projectile are significantly impaired in their 

function compared to a normal tissue tear, and pathogen contamination occurs not 

unlike that which predominates in thermal burn injuries. The mechanism of a gunshot 

wound is intricate; upon entry, the bullet will create a small temporary cavity due to 

the transfer of kinetic energy. As the bullet travels, it displaces and compresses 

tissues, resulting in the formation of a larger temporary cavity around the wound 

channel that disrupts organs and bony structures, while a powerful hydraulic 

shockwave causes the rupture of blood vessels, nerves, and vital structures both 

near and far. The trajectory of the bullet subsequently forms a lasting wound 

channel, whose dimensions and configuration are contingent upon the caliber, 

shape, and angle of impact. When the bullet exits it usually produces a substantial 

uneven wound. Opportunistic infections and scarring are prevalent, and the recovery 

process is a lengthy and demanding journey that includes frequent surgical 

interventions, physical therapy, and psychological assistance.  

A gunshot wound in someone with uncontrolled long-term diabetes has an even 

larger impact on tissue regeneration capacity. If in a healthy individual the wound 

healing process would require a week or two, the healing process of a gunshot 

wound could extend to a few months, and the added aspect of underlying diabetes 

would further extend the time required for healing to 6-8 months or more, increasing 

the risk for serious complications. The October 7th, 2023 massacre in Israel resulted 

in a large number of casualties over a short period of time, affecting a diverse 

population of individuals, many of which were diagnosed with underlying diabetes.  

In the presented case, the diabetic patient was challenged not only with a 

gunshot wound and its associated recurring microbial infections, but also with a 

significant surgical wound on the right leg where a segment of the fibula was 

removed for restorative grafting, and with several surgical wounds from superficial 

and oral cavity reconstructive procedures. The condition of the patient in the 

presented case was further complicated by a consistent pus discharge from the right 

neck wound. Wounds were maintained in a relatively clean condition by irrigation 
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with povidone iodine and saline combined with clindamycin [100]; however, as soon 

as irrigation was discontinued, infections recurred. In parallel, the titanium printed 

plate implant began to erode through the skin, and leg wound dehiscence began to 

develop. Thus, off-label AAT augmentation therapy was applied. At the end of 5 

weeks of AAT augmentation therapy, totalling a 4-month stay, the patient was 

discharged with full functional recovery, including the ability to speak and to eat solid 

foods.  

Meticulous glycemic control during such a complicated rehabilitation process is 

extremely challenging. The patient was placed on an appropriate diet and, 

accordingly, lost weight (from 119 kg at admission to 91 kg at discharge, average 1.4 

kg per week; based on patient height 176 cm, from BMI 38.4 to BMI 29.4, 

respectively). The levels of HbA1c were lower than previous values logged in his 

medical records (as low as 6.9% during hospitalization). However, it must be noted 

that the patient received blood transfusions during the fibula surgery; blood 

transfusions can decrease HbA1c in patients with diabetes, rendering the marker, in 

this specific case, false [101]. While it is possible that the metabolic state of the 

patient improved under tight glucose monitoring, a short duration of improved 

glycemic control might not suffice in restoring wound repair capacity as multiple 

inflammatory pathways have been epigenetically imprinted in a manner that is 

presently considered difficult to reverse [102,103]. These epigenetic changes affect a 

multitude of cell types (e.g., macrophages and endothelial cells), and a large variety 

of pathways (e.g., inflammation, angiogenesis and tissue repair).  

The activity of elastase, as tested in the presence of patient serum, and the 

effect of the same serum on in-vitro re-epithelialization, are of immense potential for 

bedside evaluation [104–106]. Here, elastase activity was markedly diminished one 

day after AAT infusion, but was not as affected on day 4 after infusion. This finding 

agrees with the fact that non-glycated AAT is required to directly bind to elastase for 

elastase inhibition to take place, and the half-life of AAT upon infusion (Fig. 3) is 

such that on day one its levels are maximal, but then it declines in a sharp manner 

and is significantly lower on day 4 [107]. In contrast to the inhibition of the enzymatic 

activity of elastase by serum AAT, the capacity of serum to influence 

re-epithelialization most-probably gains from a multitude of factors that have been 

generated by the presence of AAT in the circulation over several days, and might not 
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require the initial high concentration of AAT; this would explain the advantage of 

patient serum on epithelial cell density both on day 1 and, to a greater extent, day 4 

post-infusion. It may be possible to elucidate this theory by directly supplementing 

patient serum from prior to AAT infusion with clinical-grade AAT in-vitro, and test 

whether it was necessary to have AAT 

circulate for the duration of the study. In 

addition, this serum profile is worthy of further 

investigation in order to explore the 

composition of pro-resolution and 

resolution-limiting agents that result from 

systemic exposure to AAT. Indeed, 

advantages of AAT augmentation for patients 

with genetic AATD extend beyond pulmonary 

emphysema [12]. 

In light of the immunomodulatory 

attributes of AAT, as well as its capacity to 

promote re-epithelization and 

revascularization, future studies should also 

measure systemic inflammatory markers, 

e.g., ESR and CRP. In addition, the 

microenvironment of wounds should be characterized, e.g., microbial load, pH, 

fibroblast activity and relevant cytokine levels, including TGFβ, VEGF and PDGF. 

These parameters may shed light on the mechanisms in which AAT facilitates wound 

healing in individuals with limiting underlying conditions. Studies should also 

consider topical AAT treatment prior to systemic infusions; topical AAT does not 

negate subsequent infusion therapy and would be substantially less expensive to 

execute. Based on preclinical data,  it would require most probably less than a week 

for the potential of topical AAT to exert visible changes to a wound under 

hyperglycemic conditions (unpublished observations).  

In conclusion, considering that wounds are each unique and the patients are 

highly diverse in regards to ongoing medications and degree of past and present 

glucose control, the design of a clinical trial that addresses repurposing of AAT for 

the benefit of wound repair is expected to suffer from patient over-selection at the 
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Each set of post-treatment values denotes levels at 
30 minutes, two days, four days, and seven days 
after each infusion. The dashed line represents the 
alleged protective threshold level of circulating AAT. 
Adapted with permission from the seminal work of 
Weres et al. [107].  
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expense of full representation of this important unmet medical need. Thus, more 

clinical studies are urged in order to create an evidence-based resource that will 

offer recommendations for the customized application of AAT in patients with 

delayed wound healing. Taken together, given its remarkable safety record in a 

variety of off-label applications, it is suggested that AAT is suited for drug 

repurposing, and that it may be considered for adjunct treatment of patients with 

wounds that are slow to heal.  

 

 

Page 22 out of 32 



Competing interests 

The authors declare that they have no competing interests. 

 

Funding 

The study was funded by The Diane Lynn Family Foundation to E.C.L.  

 

Authors' contributions 

AA and IV have equal substantial contribution to the conception and design of 

the work, acquisition, analysis of data, interpretation of data and revision of the work; 

AY has substantial contribution to the conception and design of the work; IF 

performed acquisition and analysis of data and helped draft the work; YI has 

substantial contribution to the conception and design of the work, performed 

acquisition of data and helped draft the work; AN has substantial contribution to the 

conception and design of the work, performed acquisition of data and helped draft 

the work; TE performed acquisition of data; SC has  helped draft the work and 

substantively revised the work; ECL has substantial contribution to the conception 

and design of the work, analysis of data and its interpretation, funding and drafting of 

the work. All authors have read and agreed to the published version of the 

manuscript. 

 

Acknowledgements 

We thank the patient and his family for their outstanding cooperation. Written 

informed consent for publication of clinical details and clinical images was obtained 

from the patient. A copy of the consent form is available for review by the journal 

editor. 

 

 

 

Page 23 out of 32 



References 

1. Siddiqui T, Zia MK, Ali SS, Rehman AA, Ahsan H, Khan FH. Reactive oxygen 
species and anti-proteinases. Arch Physiol Biochem. 2016;122:1–7. 

2. Ferrarotti I, Scabini R, Campo I, Ottaviani S, Zorzetto M, Gorrini M, et al. 
Laboratory diagnosis of alpha1-antitrypsin deficiency. Transl Res. 2007;150:267–74. 

3. Salem SY, Shahaf G, Sheiner E, Levinson J, Baron J, Madar T, et al. Diminished 
activity of circulating α1-antitrypsin is associated with pre-gestational isolated 
obesity. J Matern Fetal Neonatal Med. 2015;28:500–3. 

4. Madar T, Shahaf G, Sheiner E, Brazg J, Levinson J, Yaniv Salem S, et al. Low 
levels of circulating alpha-1 antitrypsin are associated with spontaneous abortions. J 
Matern Fetal Neonatal Med. 2013;26:1782–7. 

5. Twina G, Sheiner E, Shahaf G, Yaniv Salem S, Madar T, Baron J, et al. Lower 
circulation levels and activity of α-1 antitrypsin in pregnant women with severe 
preeclampsia. J Matern Fetal Neonatal Med. 2012;25:2667–70. 

6. Baron J, Sheiner E, Abecassis A, Ashkenazi E, Shahaf G, Salem SY, et al. 
Α1-antitrypsin insufficiency is a possible contributor to preterm premature rupture of 
membranes. J Matern Fetal Neonatal Med. 2012;25:934–7. 

7. Lewis E. a1-Antitrypsin Therapy for Non-Deficient Individuals: Integrating and 
Mitigating Cross-Pathology Inflammatory and Immune Responses To the Injured 
Cell. Internal Medicine Review. 2017;3:1–28. 

8. Abecassis A, Schuster R, Shahaf G, Ozeri E, Green R, Ochayon DE, et al. α 
1-antitrypsin increases interleukin-1 receptor antagonist production during pancreatic 
islet graft transplantation. Cellular and Molecular Immunology. 2014;11:377–86. 

9. Zemtsovski JD, Tumpara S, Schmidt S, Vijayan V, Klos A, Laudeley R, et al. 
Alpha1-antitrypsin improves survival in murine abdominal sepsis model by 
decreasing inflammation and sequestration of free heme. Front Immunol. 
2024;15:1368040. 

10. Kaner Z, Ochayon DE, Shahaf G, Baranovski BM, Bahar N, Mizrahi M, et al. 
Acute phase protein α1-antitrypsin reduces the bacterial burden in mice by selective 
modulation of innate cell responses. J Infect Dis. 2015;211:1489–98. 

11. Stone H, Pye A, Stockley RA. Disease associations in alpha-1-antitrypsin 
deficiency. Respir Med. 2014;108:338–43. 

12. Baranovski BM, Schuster R, Nisim O, Brami I, Lior Y, Lewis EC. Chronic 
Obstructive Pulmonary Diseases: Journal of the COPD Foundation Alpha-1 
Antitrypsin SubstitutBaranovski, B. M., Schuster, R., Nisim, O., Brami, I., Lior, Y., & 
Lewis, E. C. (2018). Chronic Obstructive Pulmonary Diseases: Journal of the COPD 
Foundat. Extrapulmonary Alpha-1 Antitrypsin Therapy journal.copdfoundation.org 
JCOPDF ©. 2018;5:267–76. 

13. Guo S, DiPietro LA. Critical review in oral biology & medicine: Factors affecting 

Page 24 out of 32 

http://paperpile.com/b/iOMWY9/tThx
http://paperpile.com/b/iOMWY9/tThx
http://paperpile.com/b/iOMWY9/7Uvz
http://paperpile.com/b/iOMWY9/7Uvz
http://paperpile.com/b/iOMWY9/t3Bx
http://paperpile.com/b/iOMWY9/t3Bx
http://paperpile.com/b/iOMWY9/t3Bx
http://paperpile.com/b/iOMWY9/WIKb
http://paperpile.com/b/iOMWY9/WIKb
http://paperpile.com/b/iOMWY9/WIKb
http://paperpile.com/b/iOMWY9/sgbP
http://paperpile.com/b/iOMWY9/sgbP
http://paperpile.com/b/iOMWY9/sgbP
http://paperpile.com/b/iOMWY9/qSoQ
http://paperpile.com/b/iOMWY9/qSoQ
http://paperpile.com/b/iOMWY9/qSoQ
http://paperpile.com/b/iOMWY9/Do23
http://paperpile.com/b/iOMWY9/Do23
http://paperpile.com/b/iOMWY9/Do23
http://paperpile.com/b/iOMWY9/7tjV
http://paperpile.com/b/iOMWY9/7tjV
http://paperpile.com/b/iOMWY9/7tjV
http://paperpile.com/b/iOMWY9/MaaN
http://paperpile.com/b/iOMWY9/MaaN
http://paperpile.com/b/iOMWY9/MaaN
http://paperpile.com/b/iOMWY9/MaaN
http://paperpile.com/b/iOMWY9/DZt7
http://paperpile.com/b/iOMWY9/DZt7
http://paperpile.com/b/iOMWY9/DZt7
http://paperpile.com/b/iOMWY9/fpOk
http://paperpile.com/b/iOMWY9/fpOk
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/hK5n
http://paperpile.com/b/iOMWY9/plfM


wound healing. J Dent Res. 2010;89:219–29. 

14. Cathomas M, Schüller A, Candinas D, Inglin R. Severe postoperative wound 
healing disturbance in a patient with alpha-1-antitrypsin deficiency: The impact of 
augmentation therapy. Int Wound J. 2015;12:601–4. 

15. Weir GC, Ehlers MR, Harris KM, Kanaparthi S, Long A, Phippard D, et al. 
Alpha-1 antitrypsin treatment of new-onset type 1 diabetes: An open-label, phase I 
clinical trial (RETAIN) to assess safety and pharmacokinetics. Pediatr Diabetes. 
2018;19:945–54. 

16. Petrache I, Hajjar J, Campos M. Biologics: Targets & Therapy Safety and efficacy 
of alpha-1-antitrypsin augmentation therapy in the treatment of patients with 
alpha-1-antitrypsin deficiency. 2009 p. 3–193. 

17. Sandhaus RA. Randomized, placebo-controlled trials in alpha-1 antitrypsin 
deficiency. Annals of the American Thoracic Society. American Thoracic Society; 
2016. p. S370–3. 

18. Guttman O, Baranovski BM, Schuster R, Kaner Z, Freixo-Lima GS, Bahar N, et 
al. Acute-phase protein α1-anti-trypsin: diverting injurious innate and adaptive 
immune responses from non-authentic threats. Clin Exp Immunol. 2015;179:161–72. 

19. Schuster R, Motola-Kalay N, Baranovski BM, Bar L, Tov N, Stein M, et al. Distinct 
anti-inflammatory properties of alpha1-antitrypsin and corticosteroids reveal unique 
underlying mechanisms of action. Cell Immunol. 2020;356:104177. 

20. Rosenberg JB, De BP, Greco A, Gorman N, Kooner V, Chen A, et al. Safety of 
Intravenous Administration of an AAV8 Vector Coding for an Oxidation-Resistant 
Human α1-Antitrypsin for the Treatment of α1-Antitrypsin Deficiency. Hum Gene 
Ther. 2023;34:139–49. 

21. Schuster R, Bar-nathan O, Tiosano A, Lewis EC, Silberstein E. Enhanced 
Survival and Accelerated Perfusion of Skin Flap to Recipient Site Following 
Administration of Human a 1-Antitrypsin in Murine Models. 2019;00:1–10. 

22. Bellacen K, Kalay N, Ozeri E, Shahaf G, Lewis EC. Revascularization of 
pancreatic islet allografts is enhanced by α-1-Antitrypsin under anti-inflammatory 
conditions. Cell Transplant. 2013;22:2119–33. 

23. Jeong KH, Lim JH, Lee KH, Kim MJ, Jung HY, Choi JY, et al. Protective Effect of 
Alpha 1-Antitrypsin on Renal Ischemia-Reperfusion Injury. Transplant Proc. 
2019;51:2814–22. 

24. Frenzel E, Wrenger S, Immenschuh S, Koczulla R, Mahadeva R, Deeg HJ, et al. 
Acute-phase protein α1-antitrypsin--a novel regulator of angiopoietin-like protein 4 
transcription and secretion. J Immunol. 2014;192:5354–62. 

25. Skurikhin EG, Krupin VA, Pershina OV, Pan ES, Pakhomova AV, Sandrikina LA, 
et al. Blockade of Dopamine D2 Receptors as a Novel Approach to Stimulation of 
Notch1+ Endothelial Progenitor Cells and Angiogenesis in C57BL/6 Mice with 
Pulmonary Emphysema Induced by Proteases and Deficiency of α1-Antitrypsin. Bull 

Page 25 out of 32 

http://paperpile.com/b/iOMWY9/plfM
http://paperpile.com/b/iOMWY9/vCKu
http://paperpile.com/b/iOMWY9/vCKu
http://paperpile.com/b/iOMWY9/vCKu
http://paperpile.com/b/iOMWY9/TqhW
http://paperpile.com/b/iOMWY9/TqhW
http://paperpile.com/b/iOMWY9/TqhW
http://paperpile.com/b/iOMWY9/TqhW
http://paperpile.com/b/iOMWY9/WGCW
http://paperpile.com/b/iOMWY9/WGCW
http://paperpile.com/b/iOMWY9/WGCW
http://paperpile.com/b/iOMWY9/D8fI
http://paperpile.com/b/iOMWY9/D8fI
http://paperpile.com/b/iOMWY9/D8fI
http://paperpile.com/b/iOMWY9/uPlD
http://paperpile.com/b/iOMWY9/uPlD
http://paperpile.com/b/iOMWY9/uPlD
http://paperpile.com/b/iOMWY9/nnYw
http://paperpile.com/b/iOMWY9/nnYw
http://paperpile.com/b/iOMWY9/nnYw
http://paperpile.com/b/iOMWY9/RCyW
http://paperpile.com/b/iOMWY9/RCyW
http://paperpile.com/b/iOMWY9/RCyW
http://paperpile.com/b/iOMWY9/RCyW
http://paperpile.com/b/iOMWY9/fnAl
http://paperpile.com/b/iOMWY9/fnAl
http://paperpile.com/b/iOMWY9/fnAl
http://paperpile.com/b/iOMWY9/tWwq
http://paperpile.com/b/iOMWY9/tWwq
http://paperpile.com/b/iOMWY9/tWwq
http://paperpile.com/b/iOMWY9/kZlH
http://paperpile.com/b/iOMWY9/kZlH
http://paperpile.com/b/iOMWY9/kZlH
http://paperpile.com/b/iOMWY9/kDcY
http://paperpile.com/b/iOMWY9/kDcY
http://paperpile.com/b/iOMWY9/kDcY
http://paperpile.com/b/iOMWY9/52RB
http://paperpile.com/b/iOMWY9/52RB
http://paperpile.com/b/iOMWY9/52RB
http://paperpile.com/b/iOMWY9/52RB


Exp Biol Med. 2020;168:718–23. 

26. Petrache I, Fijalkowska I, Zhen L, Medler TR, Brown E, Cruz P, et al. A novel 
antiapoptotic role for alpha1-antitrypsin in the prevention of pulmonary emphysema. 
Am J Respir Crit Care Med. 2006;173:1222–8. 

27. McElvaney OF, Fraughen DD, McElvaney OJ, Carroll TP, McElvaney NG. 
Alpha-1 antitrypsin deficiency: current therapy and emerging targets. Expert Rev 
Respir Med. 2023;17:191–202. 

28. Gimmon A, Sherker L, Kojukarov L, Zaknoun M, Lior Y, Fadel T, et al. 
Accelerated Wound Border Closure Using a Microemulsion Containing 
Non-Inhibitory Recombinant α1-Antitrypsin. Int J Mol Sci. 2022;23:7364. 

29. Ozeri E, Rider P, Rigbi S, Shahaf G, Nita II, Sekler I, et al. Differential signaling 
patterns of stimulated bone marrow-derived dendritic cells under α 
1-antitrypsin-enriched conditions. Cell Immunol. 2021;361:104281. 

30. El-Saied S, Zaknoun M, Alatawna O, Joshua B-Z, Kabahaa N, Kaplan DM, et al. 
Trauma-induced vestibular dysfunction: Possible functional repair under 
α1-antitrypsin-rich conditions. Cell Immunol. 2020;356:104150. 

31. Aldonyte R, Tunaitis V, Surovas A, Suriakaite K, Jarmalaviciute A, Magnusson 
K-E, et al. Effects of major human antiprotease alpha-1-antitrypsin on the motility 
and proliferation of stromal cells from human exfoliated deciduous teeth. Regen 
Med. 2010;5:633–43. 

32. El-Saied S, Schmitt H, Durisin M, Joshua B-Z, Abu Tailakh M, Prenzler N, et al. 
Endogenous α1-antitrypsin levels in the perilymphatic fluid correlates with severity of 
hearing loss. Clin Otolaryngol. 2020;45:495–9. 

33. Moldthan HL, Hirko AC, Thinschmidt JS, Grant MB, Li Z, Peris J, et al. Alpha 
1-antitrypsin therapy mitigated ischemic stroke damage in rats. J Stroke 
Cerebrovasc Dis. 2014;23:e355–63. 

34. Mahta A, Yaghi S, Reznik ME, Thompson BB, Wendell LC, Rao S, et al. Serum 
alpha-1 antitrypsin in acute ischemic stroke: A prospective pilot study. J Clin 
Neurosci. 2020;76:20–4. 

35. Cabezas-Llobet N, Camprubí S, García B, Alberch J, Xifró X. Human alpha 
1-antitrypsin protects neurons and glial cells against oxygen and glucose deprivation 
through inhibition of interleukins expression. Biochim Biophys Acta Gen Subj. 
2018;1862:1852–61. 

36. Collins CB, Aherne CM, Ehrentraut SF, Gerich ME, McNamee EN, McManus 
MC, et al. Alpha-1-antitrypsin therapy ameliorates acute colitis and chronic murine 
ileitis. Inflamm Bowel Dis. 2013;19:1964–73. 

37. Becker K, Berger M, Niederau C, Frieling T. Individual fecal alpha 1-antitrypsin 
excretion reflects clinical activity in Crohn’s disease but not in ulcerative colitis. 
Hepatogastroenterology. 1999;46:2309–14. 

Page 26 out of 32 

http://paperpile.com/b/iOMWY9/52RB
http://paperpile.com/b/iOMWY9/W6zc
http://paperpile.com/b/iOMWY9/W6zc
http://paperpile.com/b/iOMWY9/W6zc
http://paperpile.com/b/iOMWY9/e0fH
http://paperpile.com/b/iOMWY9/e0fH
http://paperpile.com/b/iOMWY9/e0fH
http://paperpile.com/b/iOMWY9/4AS9
http://paperpile.com/b/iOMWY9/4AS9
http://paperpile.com/b/iOMWY9/4AS9
http://paperpile.com/b/iOMWY9/JsFp
http://paperpile.com/b/iOMWY9/JsFp
http://paperpile.com/b/iOMWY9/JsFp
http://paperpile.com/b/iOMWY9/WTPe
http://paperpile.com/b/iOMWY9/WTPe
http://paperpile.com/b/iOMWY9/WTPe
http://paperpile.com/b/iOMWY9/Z9DB
http://paperpile.com/b/iOMWY9/Z9DB
http://paperpile.com/b/iOMWY9/Z9DB
http://paperpile.com/b/iOMWY9/Z9DB
http://paperpile.com/b/iOMWY9/rip2
http://paperpile.com/b/iOMWY9/rip2
http://paperpile.com/b/iOMWY9/rip2
http://paperpile.com/b/iOMWY9/IjGi
http://paperpile.com/b/iOMWY9/IjGi
http://paperpile.com/b/iOMWY9/IjGi
http://paperpile.com/b/iOMWY9/3sBD
http://paperpile.com/b/iOMWY9/3sBD
http://paperpile.com/b/iOMWY9/3sBD
http://paperpile.com/b/iOMWY9/M6bI
http://paperpile.com/b/iOMWY9/M6bI
http://paperpile.com/b/iOMWY9/M6bI
http://paperpile.com/b/iOMWY9/M6bI
http://paperpile.com/b/iOMWY9/dH9w
http://paperpile.com/b/iOMWY9/dH9w
http://paperpile.com/b/iOMWY9/dH9w
http://paperpile.com/b/iOMWY9/JOu8
http://paperpile.com/b/iOMWY9/JOu8
http://paperpile.com/b/iOMWY9/JOu8


38. Abbate A, Van Tassell BW, Christopher S, Abouzaki NA, Sonnino C, Oddi C, et 
al. Effects of Prolastin C (plasma-derived alpha-1 antitrypsin) on the acute 
inflammatory response in patients with ST-segment elevation myocardial infarction 
(from the VCU-alpha 1-RT pilot study). Am J Cardiol. 2015;115:8–12. 

39. Ozeri E, Mizrahi M, Shahaf G, Lewis EC. α-1 Antitrypsin Promotes Semimature, 
IL-10–Producing and Readily Migrating Tolerogenic Dendritic Cells. The Journal of 
Immunology. 2012;189:146–53. 

40. Shahaf G, Moser H, Ozeri E, Mizrahi M, Abecassis A, Lewis EC. α-1-antitrypsin 
gene delivery reduces inflammation, increases T-regulatory cell population size and 
prevents islet allograft rejection. Mol Med. 2011;17:1000–11. 

41. Kalis M, Kumar R, Janciauskiene S, Salehi A, Cilio CM. α 1-antitrypsin enhances 
insulin secretion and prevents cytokine-mediated apoptosis in pancreatic β-cells. 
Islets. 2010;2:185–9. 

42. Fleixo-Lima G, Ventura H, Medini M, Bar L, Strauss P, Lewis EC. Mechanistic 
evidence in support of alpha1-antitrypsin as a therapeutic approach for type 1 
diabetes. J Diabetes Sci Technol. 2014;8:1193–203. 

43. Koulmanda M, Bhasin M, Fan Z, Hanidziar D, Goel N, Putheti P, et al. Alpha 
1-antitrypsin reduces inflammation and enhances mouse pancreatic islet transplant 
survival. Proc Natl Acad Sci U S A. 2012;109:15443–8. 

44. Park SS, Ortega RR, Agudelo CW, Perez JP, Gandara BP, Garcia-Arcos I, et al. 
Therapeutic potential of alpha-1 antitrypsin in type 1 and type 2 diabetes mellitus 
[Internet]. Medicina (Lithuania). MDPI AG; 2021. Available from: 
http://dx.doi.org/10.3390/medicina57040397 

45. Song S. Alpha-1 antitrypsin therapy for autoimmune disorders [Internet]. Chronic 
Obstructive Pulmonary Diseases. COPD Foundation; 2018. p. 289–301. Available 
from: http://dx.doi.org/10.15326/jcopdf.5.4.2018.0131 

46. Lu Y, Tang M, Wasserfall C, Kou Z, Campbell-Thompson M, Gardemann T, et al. 
-Antitrypsin Gene Therapy Modulates Cellular Immunity and Efficiently Prevents 
Type 1 Diabetes in Nonobese Diabetic Mice. 2006 p. 625–34. 

47. Ghoreishi A, Mahmoodi M, Khoshdel A. Comparison of alpha 1- antitrypsin 
activity and phenotype in type 1 diabetic patients to healthy individuals. Journal of 
Family Medicine and Primary Care. 2022;11:1377. 

48. Rachmiel M, Strauss P, Dror N, Benzaquen H, Horesh O, Tov N, et al. Alpha-1 
antitrypsin therapy is safe and well tolerated in children and adolescents with recent 
onset type 1 diabetes mellitus. Pediatr Diabetes. 2016;17:351–9. 

49. Phadke M, Billimoria FR, Ninjoor V. Non enzymatic glycosylation of 
alpha-1-proteinase inhibitor of human plasma. J Postgrad Med. 1998;44:29–34. 

50. Hashemi M, Naderi M, Rashidi H, Ghavami S. Impaired activity of serum 
alpha-1-antitrypsin in diabetes mellitus. Diabetes Res Clin Pract. 2007;75:246–8. 

Page 27 out of 32 

http://paperpile.com/b/iOMWY9/f4PC
http://paperpile.com/b/iOMWY9/f4PC
http://paperpile.com/b/iOMWY9/f4PC
http://paperpile.com/b/iOMWY9/f4PC
http://paperpile.com/b/iOMWY9/64pb
http://paperpile.com/b/iOMWY9/64pb
http://paperpile.com/b/iOMWY9/64pb
http://paperpile.com/b/iOMWY9/7AkA
http://paperpile.com/b/iOMWY9/7AkA
http://paperpile.com/b/iOMWY9/7AkA
http://paperpile.com/b/iOMWY9/hHtp
http://paperpile.com/b/iOMWY9/hHtp
http://paperpile.com/b/iOMWY9/hHtp
http://paperpile.com/b/iOMWY9/t90b
http://paperpile.com/b/iOMWY9/t90b
http://paperpile.com/b/iOMWY9/t90b
http://paperpile.com/b/iOMWY9/y8IO
http://paperpile.com/b/iOMWY9/y8IO
http://paperpile.com/b/iOMWY9/y8IO
http://paperpile.com/b/iOMWY9/utgc
http://paperpile.com/b/iOMWY9/utgc
http://paperpile.com/b/iOMWY9/utgc
http://dx.doi.org/10.3390/medicina57040397
http://paperpile.com/b/iOMWY9/0W3p
http://paperpile.com/b/iOMWY9/0W3p
http://paperpile.com/b/iOMWY9/0W3p
http://dx.doi.org/10.15326/jcopdf.5.4.2018.0131
http://paperpile.com/b/iOMWY9/nToS
http://paperpile.com/b/iOMWY9/nToS
http://paperpile.com/b/iOMWY9/nToS
http://paperpile.com/b/iOMWY9/KkAE
http://paperpile.com/b/iOMWY9/KkAE
http://paperpile.com/b/iOMWY9/KkAE
http://paperpile.com/b/iOMWY9/aI1i
http://paperpile.com/b/iOMWY9/aI1i
http://paperpile.com/b/iOMWY9/aI1i
http://paperpile.com/b/iOMWY9/1sBh
http://paperpile.com/b/iOMWY9/1sBh
http://paperpile.com/b/iOMWY9/04gK
http://paperpile.com/b/iOMWY9/04gK


51. Lisowska-Myjak B, Pachecka J. Antigenic and functional levels of 
alpha-1-antitrypsin in serum during normal and diabetic pregnancy. 

52. Austin GE, Mullins RH, Morin LG. Non-enzymic glycation of individual plasma 
proteins in normoglycemic and hyperglycemic patients. Clin Chem. 1987;33:2220–4. 

53. Sandström CS, Ohlsson B, Melander O, Westin U, Mahadeva R, Janciauskiene 
S. An association between Type 2 diabetes and alpha-antitrypsin deficiency. Diabet 
Med. 2008;25:1370–3. 

54. Heidary S, Riahi A. Study of α-1 Antitrypsin Serum and its Effects on Chronic 
Inflammation in Diabete Patients. Medbiotech J. 2018;2:104–10. 

55. Eming SA, Martin P, Tomic-Canic M. Wound repair and regeneration: 
Mechanisms, signaling, and translation [Internet]. Science Translational Medicine. 
American Association for the Advancement of Science; 2014. Available from: 
http://dx.doi.org/10.1126/scitranslmed.3009337 

56. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC. Wound Healing: A Cellular 
Perspective. Physiol Rev. 2019;99:665–706. 

57. Broughton G, Janis JE, Attinger CE. Wound healing: An overview [Internet]. 
Plastic and Reconstructive Surgery. 2006. Available from: 
http://dx.doi.org/10.1097/01.prs.0000222562.60260.f9 

58. Zhou T, Huang Z, Zhu X, Sun X, Liu Y, Cheng B, et al. Alpha-1 Antitrypsin 
Attenuates M1 Microglia-Mediated Neuroinflammation in Retinal Degeneration. Front 
Immunol. 2018;9:1202. 

59. Guttman O, Freixo-Lima GS, Kaner Z, Lior Y, Rider P, Lewis EC. 
Context-Specific and Immune Cell-Dependent Antitumor Activities of α1-Antitrypsin. 
Front Immunol. 2016;7:559. 

60. Gou W, Wang J, Song L, Kim DS, Cui W, Strange C, et al. Alpha-1 antitrypsin 
suppresses macrophage activation and promotes islet graft survival after intrahepatic 
islet transplantation. Am J Transplant. 2021;21:1713–24. 

61. Wilkinson HN, Hardman MJ. Wound healing: cellular mechanisms and 
pathological outcomes: Cellular Mechanisms of Wound Repair [Internet]. Open 
Biology. Royal Society Publishing; 2020. Available from: 
http://dx.doi.org/10.1098/rsob.200223 

62. Boniakowski AE, Kimball AS, Jacobs BN, Kunkel SL, Gallagher KA. 
Macrophage-Mediated Inflammation in Normal and Diabetic Wound Healing. The 
Journal of Immunology. 2017;199:17–24. 

63. Li M, Hou Q, Zhong L, Zhao Y, Fu X. Macrophage Related Chronic Inflammation 
in Non-Healing Wounds [Internet]. Frontiers in Immunology. Frontiers Media S.A.; 
2021. Available from: http://dx.doi.org/10.3389/fimmu.2021.681710 

64. Damien P Kuffler. Eliminating non-healing wounds: a review. Regen Med. 2021; 

Page 28 out of 32 

http://paperpile.com/b/iOMWY9/J1ju
http://paperpile.com/b/iOMWY9/J1ju
http://paperpile.com/b/iOMWY9/qDun
http://paperpile.com/b/iOMWY9/qDun
http://paperpile.com/b/iOMWY9/wBE8
http://paperpile.com/b/iOMWY9/wBE8
http://paperpile.com/b/iOMWY9/wBE8
http://paperpile.com/b/iOMWY9/bVJk
http://paperpile.com/b/iOMWY9/bVJk
http://paperpile.com/b/iOMWY9/PkXb
http://paperpile.com/b/iOMWY9/PkXb
http://paperpile.com/b/iOMWY9/PkXb
http://dx.doi.org/10.1126/scitranslmed.3009337
http://paperpile.com/b/iOMWY9/nTGn
http://paperpile.com/b/iOMWY9/nTGn
http://paperpile.com/b/iOMWY9/x71k
http://paperpile.com/b/iOMWY9/x71k
http://dx.doi.org/10.1097/01.prs.0000222562.60260.f9
http://paperpile.com/b/iOMWY9/VjpB
http://paperpile.com/b/iOMWY9/VjpB
http://paperpile.com/b/iOMWY9/VjpB
http://paperpile.com/b/iOMWY9/diV0
http://paperpile.com/b/iOMWY9/diV0
http://paperpile.com/b/iOMWY9/diV0
http://paperpile.com/b/iOMWY9/77Yf
http://paperpile.com/b/iOMWY9/77Yf
http://paperpile.com/b/iOMWY9/77Yf
http://paperpile.com/b/iOMWY9/e7i8
http://paperpile.com/b/iOMWY9/e7i8
http://paperpile.com/b/iOMWY9/e7i8
http://dx.doi.org/10.1098/rsob.200223
http://paperpile.com/b/iOMWY9/huUf
http://paperpile.com/b/iOMWY9/huUf
http://paperpile.com/b/iOMWY9/huUf
http://paperpile.com/b/iOMWY9/H7pG
http://paperpile.com/b/iOMWY9/H7pG
http://paperpile.com/b/iOMWY9/H7pG
http://dx.doi.org/10.3389/fimmu.2021.681710
http://paperpile.com/b/iOMWY9/2luH


65. Louiselle AE, Niemiec SM, Zgheib C, Liechty KW. Macrophage polarization and 
diabetic wound healing [Internet]. Translational Research. Mosby Inc.; 2021. p. 
109–16. Available from: http://dx.doi.org/10.1016/j.trsl.2021.05.006 

66. McDermott K, Fang M, Boulton AJM, Selvin E, Hicks CW. Etiology, Epidemiology, 
and Disparities in the Burden of Diabetic Foot Ulcers [Internet]. Diabetes Care. 
American Diabetes Association Inc.; 2023. p. 209–11. Available from: 
http://dx.doi.org/10.2337/dci22-0043 

67. Sharifiaghdam M, Shaabani E, Faridi-Majidi R, De Smedt SC, Braeckmans K, 
Fraire JC. Macrophages as a therapeutic target to promote diabetic wound healing 
[Internet]. Molecular Therapy. Cell Press; 2022. p. 2891–908. Available from: 
http://dx.doi.org/10.1016/j.ymthe.2022.07.016 

68. Burgess JL, Wyant WA, Abujamra BA, Kirsner RS, Jozic I. Diabetic 
wound-healing science [Internet]. Medicina (Lithuania). MDPI; 2021. Available from: 
http://dx.doi.org/10.3390/medicina57101072 

69. Yang T, Yu J, Ahmed T, Nguyen K, Nie F, Zan R, et al. Synthetic neutrophil 
extracellular traps dissect bactericidal contribution of NETs under regulation of 
α-1-antitrypsin. Sci Adv. 2023;9:eadf2445. 

70. Griese M, Latzin P, Kappler M, Weckerle K, Heinzlmaier T, Bernhardt T, et al. 
alpha1-Antitrypsin inhalation reduces airway inflammation in cystic fibrosis patients. 
Eur Respir J. 2007;29:240–50. 

71. Jiang G, Jiang T, Chen J, Yao H, Mao R, Yang X, et al. Mitochondrial dysfunction 
and oxidative stress in diabetic wound [Internet]. Journal of Biochemical and 
Molecular Toxicology. John Wiley and Sons Inc; 2023. Available from: 
http://dx.doi.org/10.1002/jbt.23407 

72. Deng L, Du C, Song P, Chen T, Rui S, Armstrong DG, et al. The Role of 
Oxidative Stress and Antioxidants in Diabetic Wound Healing [Internet]. Oxidative 
Medicine and Cellular Longevity. Hindawi Limited; 2021. Available from: 
http://dx.doi.org/10.1155/2021/8852759 

73. Parr DG, Lara B. Clinical utility of alpha-1 proteinase inhibitor in the management 
of adult patients with severe alpha-1 antitrypsin deficiency: a review of the current 
literature. Drug Des Devel Ther. 2017;11:2149–62. 

74. Campos MA, Kueppers F, Stocks JM, Strange C, Chen J, Griffin R, et al. Safety 
and pharmacokinetics of 120 mg/kg versus 60 mg/kg weekly intravenous infusions of 
alpha-1 proteinase inhibitor in alpha-1 antitrypsin deficiency: a multicenter, 
randomized, double-blind, crossover study (SPARK). COPD. 2013;10:687–95. 

75. Campos MA, Geraghty P, Holt G, Mendes E, Newby PR, Ma S, et al. The 
Biological Effects of Double-Dose Alpha-1 Antitrypsin Augmentation Therapy. A Pilot 
Clinical Trial. Am J Respir Crit Care Med. 2019;200:318–26. 

76. Miravitlles M, Vidal R, Torrella M, Bofill JM, Cotrina M, de Gracia J. [Evaluation of 
replacement therapy in emphysema caused by alpha 1-antitrypsin deficiency]. Arch 
Bronconeumol. 1994;30:479–84. 

Page 29 out of 32 

http://paperpile.com/b/iOMWY9/JtOW
http://paperpile.com/b/iOMWY9/JtOW
http://paperpile.com/b/iOMWY9/JtOW
http://dx.doi.org/10.1016/j.trsl.2021.05.006
http://paperpile.com/b/iOMWY9/UMfO
http://paperpile.com/b/iOMWY9/UMfO
http://paperpile.com/b/iOMWY9/UMfO
http://dx.doi.org/10.2337/dci22-0043
http://paperpile.com/b/iOMWY9/KZcq
http://paperpile.com/b/iOMWY9/KZcq
http://paperpile.com/b/iOMWY9/KZcq
http://dx.doi.org/10.1016/j.ymthe.2022.07.016
http://paperpile.com/b/iOMWY9/ziwe
http://paperpile.com/b/iOMWY9/ziwe
http://dx.doi.org/10.3390/medicina57101072
http://paperpile.com/b/iOMWY9/MP1w
http://paperpile.com/b/iOMWY9/MP1w
http://paperpile.com/b/iOMWY9/MP1w
http://paperpile.com/b/iOMWY9/T2if
http://paperpile.com/b/iOMWY9/T2if
http://paperpile.com/b/iOMWY9/T2if
http://paperpile.com/b/iOMWY9/p8oU
http://paperpile.com/b/iOMWY9/p8oU
http://paperpile.com/b/iOMWY9/p8oU
http://dx.doi.org/10.1002/jbt.23407
http://paperpile.com/b/iOMWY9/mJrw
http://paperpile.com/b/iOMWY9/mJrw
http://paperpile.com/b/iOMWY9/mJrw
http://dx.doi.org/10.1155/2021/8852759
http://paperpile.com/b/iOMWY9/Dle0
http://paperpile.com/b/iOMWY9/Dle0
http://paperpile.com/b/iOMWY9/Dle0
http://paperpile.com/b/iOMWY9/m5uA
http://paperpile.com/b/iOMWY9/m5uA
http://paperpile.com/b/iOMWY9/m5uA
http://paperpile.com/b/iOMWY9/m5uA
http://paperpile.com/b/iOMWY9/HkhT
http://paperpile.com/b/iOMWY9/HkhT
http://paperpile.com/b/iOMWY9/HkhT
http://paperpile.com/b/iOMWY9/N4fl
http://paperpile.com/b/iOMWY9/N4fl
http://paperpile.com/b/iOMWY9/N4fl


77. de Serres F, Blanco I. Role of alpha-1 antitrypsin in human health and disease. J 
Intern Med. 2014;276:311–35. 

78. Gottlieb PA, Alkanani AK, Michels AW, Lewis EC, Shapiro L, Dinarello CA, et al. 
α1-Antitrypsin therapy downregulates toll-like receptor-induced IL-1β responses in 
monocytes and myeloid dendritic cells and may improve islet function in recently 
diagnosed patients with type 1 diabetes. J Clin Endocrinol Metab. 
2014;99:E1418–26. 

79. Brener A, Lebenthal Y, Interator H, Horesh O, Leshem A, Weintrob N, et al. 
Long-term safety of α-1 antitrypsin therapy in children and adolescents with Type 1 
diabetes. Immunotherapy. 2018;10:1137–48. 

80. Lebenthal Y, Brener A, Hershkovitz E, Shehadeh N, Shalitin S, Lewis EC, et al. A 
Phase II, Double-Blind, Randomized, Placebo-Controlled, Multicenter Study 
Evaluating the Efficacy and Safety of Alpha-1 Antitrypsin (AAT) (Glassia®) in the 
Treatment of Recent-Onset Type 1 Diabetes. Int J Mol Sci [Internet]. 2019;20. 
Available from: http://dx.doi.org/10.3390/ijms20236032 

81. Lautsch D, Boggs R, Wang T, Gonzalez C, Milligan G, Rajpathak S, et al. 
Individualized HbA1c Goals, and Patient Awareness and Attainment of Goals in Type 
2 Diabetes Mellitus: A Real-World Multinational Survey. Adv Ther. 2022;39:1016–32. 

82. Abdel-Karim TR, Hodges JS, Pruett TL, Ramanathan KV, Hering BJ, Dunn TB, et 
al. A randomized controlled pilot trial of etanercept and alpha-1 antitrypsin to improve 
autologous islet engraftment. Pancreatology. 2023;23:57–64. 

83. Zeiser R, Blazar BR. Acute Graft-versus-Host Disease - Biologic Process, 
Prevention, and Therapy. N Engl J Med. 2017;377:2167–79. 

84. O’Meara A, Kapel N, Xhaard A, Sicre de Fontbrune F, Manéné D, Dhedin N, et 
al. Fecal calprotectin and α1-antitrypsin dynamics in gastrointestinal GvHD. Bone 
Marrow Transplant. 2015;50:1105–9. 

85. Magenau JM, Goldstein SC, Peltier D, Soiffer RJ, Braun T, Pawarode A, et al. 
α1-Antitrypsin infusion for treatment of steroid-resistant acute graft-versus-host 
disease. Blood. 2018;131:1372–9. 

86. Marcondes AM, Hockenbery D, Lesnikova M, Dinarello CA, Woolfrey A, 
Gernsheimer T, et al. Response of steroid-refractory acute GVHD to α1-Antitrypsin. 
Biol Blood Marrow Transplant. 2016;22:1596–601. 

87. Jerkins JH, Hamadani M, Zook F, Epperla N, Shaw BE, Saber W, et al. 
Alpha-1-antitrypsin for the treatment of steroid-refractory acute gastrointestinal 
graft-versus-host disease. Am J Hematol. 2017;92:E610–1. 

88. Gergoudis SC, DeFilipp Z, Özbek U, Sandhu KS, Etra AM, Choe HK, et al. 
Biomarker-guided preemption of steroid-refractory graft-versus-host disease with 
α-1-antitrypsin. Blood Adv. 2020;4:6098–105. 

89. Gilutz H, Siegel Y, Paran E, Cristal N, Quastel MR. Alpha 1-antitrypsin in acute 
myocardial infarction. Br Heart J. 1983;49:26–9. 

Page 30 out of 32 

http://paperpile.com/b/iOMWY9/N4NW
http://paperpile.com/b/iOMWY9/N4NW
http://paperpile.com/b/iOMWY9/JfXe
http://paperpile.com/b/iOMWY9/JfXe
http://paperpile.com/b/iOMWY9/JfXe
http://paperpile.com/b/iOMWY9/JfXe
http://paperpile.com/b/iOMWY9/JfXe
http://paperpile.com/b/iOMWY9/6iHr
http://paperpile.com/b/iOMWY9/6iHr
http://paperpile.com/b/iOMWY9/6iHr
http://paperpile.com/b/iOMWY9/H3K1
http://paperpile.com/b/iOMWY9/H3K1
http://paperpile.com/b/iOMWY9/H3K1
http://paperpile.com/b/iOMWY9/H3K1
http://paperpile.com/b/iOMWY9/H3K1
http://dx.doi.org/10.3390/ijms20236032
http://paperpile.com/b/iOMWY9/a4Hx
http://paperpile.com/b/iOMWY9/a4Hx
http://paperpile.com/b/iOMWY9/a4Hx
http://paperpile.com/b/iOMWY9/XJK9
http://paperpile.com/b/iOMWY9/XJK9
http://paperpile.com/b/iOMWY9/XJK9
http://paperpile.com/b/iOMWY9/vRtc
http://paperpile.com/b/iOMWY9/vRtc
http://paperpile.com/b/iOMWY9/npwW
http://paperpile.com/b/iOMWY9/npwW
http://paperpile.com/b/iOMWY9/npwW
http://paperpile.com/b/iOMWY9/t1Fl
http://paperpile.com/b/iOMWY9/t1Fl
http://paperpile.com/b/iOMWY9/t1Fl
http://paperpile.com/b/iOMWY9/vIWO
http://paperpile.com/b/iOMWY9/vIWO
http://paperpile.com/b/iOMWY9/vIWO
http://paperpile.com/b/iOMWY9/f8mb
http://paperpile.com/b/iOMWY9/f8mb
http://paperpile.com/b/iOMWY9/f8mb
http://paperpile.com/b/iOMWY9/JAHZ
http://paperpile.com/b/iOMWY9/JAHZ
http://paperpile.com/b/iOMWY9/JAHZ
http://paperpile.com/b/iOMWY9/IJBZ
http://paperpile.com/b/iOMWY9/IJBZ


90. Mauro AG, Mezzaroma E, Marchetti C, Narayan P, Del Buono MG, Capuano M, 
et al. A Preclinical Translational Study of the Cardioprotective Effects of 
Plasma-Derived Alpha-1 Anti-trypsin in Acute Myocardial Infarction. J Cardiovasc 
Pharmacol. 2017;69:273–8. 

91. Abouzaki NA, Christopher S, Trankle C, Van Tassell BW, Carbone S, Mauro AG, 
et al. Inhibiting the Inflammatory Injury After Myocardial Ischemia Reperfusion With 
Plasma-Derived Alpha-1 Antitrypsin: A Post Hoc Analysis of the VCU-α1RT Study. J 
Cardiovasc Pharmacol. 2018;71:375–9. 

92. Mésinèle J, Ruffin M, Kemgang A, Guillot L, Boëlle P-Y, Corvol H. Risk factors for 
Pseudomonas aeruginosa airway infection and lung function decline in children with 
cystic fibrosis. J Cyst Fibros. 2022;21:45–51. 

93. Gaggar A, Chen J, Chmiel JF, Dorkin HL, Flume PA, Griffin R, et al. Inhaled 
alpha1-proteinase inhibitor therapy in patients with cystic fibrosis. J Cyst Fibros. 
2016;15:227–33. 

94. Häussermann S, Winnips C, Edelman J, Kappeler D, Herpich C, Ehlich H, et al. 
Lung Deposition of Alpha1-Proteinase Inhibitor (Human) (A1-PI[H]) Inhalation 
Solution Using Two Inhalation Modes of the I-neb Adaptive Aerosol Delivery (AAD) 
System in Healthy Subjects and Subjects with Cystic Fibrosis. J Aerosol Med Pulm 
Drug Deliv. 2016;29:242–50. 

95. Usmani OS. Feasibility of Aerosolized Alpha-1 Antitrypsin as a Therapeutic 
Option. Int J Chron Obstruct Pulmon Dis. 2020;7:272–9. 

96. Franciosi AN, McCarthy C, McElvaney NG. The efficacy and safety of inhaled 
human α-1 antitrypsin in people with α-1 antitrypsin deficiency-related emphysema. 
Expert Rev Respir Med. 2015;9:143–51. 

97. Mazereeuw-Hautier J, Cope J, Ong C, Green A, Hovnanian A, Harper JI. Topical 
recombinant alpha1-antitrypsin: a potential treatment for Netherton syndrome? Arch 
Dermatol. 2006;142:396–8. 

98. Tumpara S, Martinez-Delgado B, Gomez-Mariano G, Liu B, DeLuca DS, 
Korenbaum E, et al. The Delivery of α1-Antitrypsin Therapy Through Transepidermal 
Route: Worthwhile to Explore. Front Pharmacol. 2020;11:983. 

99. Stolk J, Tov N, Chapman KR, Fernandez P, MacNee W, Hopkinson NS, et al. 
Efficacy and safety of inhaled α1-antitrypsin in patients with severe α1-antitrypsin 
deficiency and frequent exacerbations of COPD. Eur Respir J [Internet]. 2019;54. 
Available from: http://dx.doi.org/10.1183/13993003.00673-2019 

100. Norman G, Atkinson RA, Smith TA, Rowlands C, Rithalia AD, Crosbie EJ, et al. 
Intracavity lavage and wound irrigation for prevention of surgical site infection. 
Cochrane Database Syst Rev. 2017;10:CD012234. 

101. Spencer DH, Grossman BJ, Scott MG. Red cell transfusion decreases 
hemoglobin A1c in patients with diabetes. Clin Chem. 2011;57:344–6. 

102. Patel KL. Impact of tight glucose control on postoperative infection rates and 

Page 31 out of 32 

http://paperpile.com/b/iOMWY9/4nY1
http://paperpile.com/b/iOMWY9/4nY1
http://paperpile.com/b/iOMWY9/4nY1
http://paperpile.com/b/iOMWY9/4nY1
http://paperpile.com/b/iOMWY9/TlZu
http://paperpile.com/b/iOMWY9/TlZu
http://paperpile.com/b/iOMWY9/TlZu
http://paperpile.com/b/iOMWY9/TlZu
http://paperpile.com/b/iOMWY9/feg4
http://paperpile.com/b/iOMWY9/feg4
http://paperpile.com/b/iOMWY9/feg4
http://paperpile.com/b/iOMWY9/p7Ys
http://paperpile.com/b/iOMWY9/p7Ys
http://paperpile.com/b/iOMWY9/p7Ys
http://paperpile.com/b/iOMWY9/meFT
http://paperpile.com/b/iOMWY9/meFT
http://paperpile.com/b/iOMWY9/meFT
http://paperpile.com/b/iOMWY9/meFT
http://paperpile.com/b/iOMWY9/meFT
http://paperpile.com/b/iOMWY9/CT68
http://paperpile.com/b/iOMWY9/CT68
http://paperpile.com/b/iOMWY9/odcW
http://paperpile.com/b/iOMWY9/odcW
http://paperpile.com/b/iOMWY9/odcW
http://paperpile.com/b/iOMWY9/DCe4
http://paperpile.com/b/iOMWY9/DCe4
http://paperpile.com/b/iOMWY9/DCe4
http://paperpile.com/b/iOMWY9/WKtP
http://paperpile.com/b/iOMWY9/WKtP
http://paperpile.com/b/iOMWY9/WKtP
http://paperpile.com/b/iOMWY9/vTmk
http://paperpile.com/b/iOMWY9/vTmk
http://paperpile.com/b/iOMWY9/vTmk
http://paperpile.com/b/iOMWY9/vTmk
http://dx.doi.org/10.1183/13993003.00673-2019
http://paperpile.com/b/iOMWY9/kAdO
http://paperpile.com/b/iOMWY9/kAdO
http://paperpile.com/b/iOMWY9/kAdO
http://paperpile.com/b/iOMWY9/UN8D
http://paperpile.com/b/iOMWY9/UN8D
http://paperpile.com/b/iOMWY9/vRsL


wound healing in cardiac surgery patients. J Wound Ostomy Continence Nurs. 
2008;35:397–404; quiz 405–6. 

103. Ju C-C, Liu X-X, Liu L-H, Guo N, Guan L-W, Wu J-X, et al. Epigenetic 
modification: A novel insight into diabetic wound healing. Heliyon. 2024;10:e28086. 

104. Brami I, Ini D, Sassonker N, Zaknoun M, Zuckerman T, Lewis EC. 
Immunosuppressive Drugs Alter α1-Antitrypsin Production in Hepatocytes: 
Implications for Epithelial Gap Repair. Biol Blood Marrow Transplant. 
2020;26:625–33. 

105. Jaurila H, Koivukangas V, Koskela M, Gäddnäs F, Salo S, Korvala J, et al. 
Inhibitory effects of serum from sepsis patients on epithelial cell migration in vitro: a 
case control study. J Transl Med. 2017;15:11. 

106. Brami I, Zuckerman T, Ram R, Avni B, Peretz G, Ostrovsky D, et al. Altered 
Serum Alpha1-Antitrypsin Protease Inhibition before and after Clinical Hematopoietic 
Stem Cell Transplantation: Association with Risk for Non-Relapse Mortality. Int J Mol 
Sci [Internet]. 2023;25. Available from: http://dx.doi.org/10.3390/ijms25010422 

107. Wewers MD, Casolaro MA, Sellers SE, Swayze SC, McPhaul KM, Wittes JT, et 
al. Replacement therapy for alpha 1-antitrypsin deficiency associated with 
emphysema. N Engl J Med. 1987;316:1055–62. 

 

Page 32 out of 32 

http://paperpile.com/b/iOMWY9/vRsL
http://paperpile.com/b/iOMWY9/vRsL
http://paperpile.com/b/iOMWY9/T9rF
http://paperpile.com/b/iOMWY9/T9rF
http://paperpile.com/b/iOMWY9/fyxK
http://paperpile.com/b/iOMWY9/fyxK
http://paperpile.com/b/iOMWY9/fyxK
http://paperpile.com/b/iOMWY9/fyxK
http://paperpile.com/b/iOMWY9/Vgxk
http://paperpile.com/b/iOMWY9/Vgxk
http://paperpile.com/b/iOMWY9/Vgxk
http://paperpile.com/b/iOMWY9/LA7m
http://paperpile.com/b/iOMWY9/LA7m
http://paperpile.com/b/iOMWY9/LA7m
http://paperpile.com/b/iOMWY9/LA7m
http://dx.doi.org/10.3390/ijms25010422
http://paperpile.com/b/iOMWY9/uKdX
http://paperpile.com/b/iOMWY9/uKdX
http://paperpile.com/b/iOMWY9/uKdX

