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 ALFA-1-ANTIQUIMIOTRIPSINA SE EXPRESA EN LOS TEJIDOS ADIPOSOS 

HUMANOS Y ES MODULA POR EL GÉNERO Y EL PESO CORPORAL 

RESUMEN 

ANTECEDENTES. La obesidad es una enfermedad crónica caracterizada por una 

acumulación excesiva de grasa corporal y es uno de los principales factores de 

riesgo para la hipertensión, diabetes mellitus tipo 2, enfermedades 

cardiovasculares y algunos tipos de cáncer. Recientemente, la serpina Alfa-1-

antiquimiotripsina (ACT) se ha relacionado positivamente con la obesidad, pero su 

papel en esta enfermedad sigue siendo desconocido. 

MÉTODOS. La expresión de ACT en muestras de tejido adiposo subcutáneo (n=6) 

y visceral (n=6) humano se analizó por RT-PCR y se cuantificó por RT-qPCR en 

muestras de tejido adiposo subcutáneo de donantes con peso normal (n=14) y con 

obesidad (n=12).  

RESULTADOS. ACT se expresó en depósitos adiposos humanos subcutáneos y 

viscerales masculinos y femeninos. En condiciones de normo peso, la expresión 

de ACT fue estadísticamente mayor en el tejido adiposo subcutáneo femenino que 

en el tejido masculino. La obesidad parece invertir esta relación. 

CONCLUSIONES. Nuestros resultados sugieren que ACT es un nuevo elemento a 

considerar en el estudio del metabolismo del tejido adiposo. Otros estudios 

permitirán evaluar su posible participación en patologías asociadas al tejido 

adiposo.  

PALABRAS CLAVE: Alfa-1-antiquimiotripsina (ACT), obesidad, tejido adiposo 

subcutáneo humano. 
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ALPHA-1-ANTICHYMOTRYPSIN IS EXPRESSED IN HUMAN ADIPOSE 

TISSUES AND MODULATED BY GENDER AND BODY WEIGHT 

 

ABSTRACT 

BACKGROUND. Obesity is a chronic disease characterized by an excessive body 

fat accumulation and a main risk factor for hypertension, type 2 diabetes mellitus, 

cardiovascular diseases and some types of cancer. Recently, the serpin alpha-1-

antichymotrypsin (ACT) has been positively related to obesity, but its role in this 

disease remains unknown. 

METHODS. The expression of ACT in human subcutaneous (n=6) and visceral 

(n=6) adipose tissue samples was analyzed by RT-PCR and quantified by RT-

qPCR in subcutaneous adipose tissue samples from normal weight (n=14) and 

obese (n=12) donors. 

RESULTS. ACT was expressed in both female and male subcutaneous and 

visceral human adipose depots. Under normal-weight conditions, the expression of 

ACT was statistically higher in female subcutaneous adipose tissue than in male 

tissues. Obesity seems to invert this relationship. 

CONCLUSIONS. Our results suggest ACT is a new element to consider in the 

study of adipose tissue metabolism. Further studies will allow evaluating its 

possible participation in pathologies associated to adipose tissue. 

 

KEYWORDS: Alpha-1-antichymotrypsin, obesity, human subcutaneous adipose 

tissue. 
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1. INTRODUCTION 

Obesity is a chronic disease characterized by the excessive body fat 

accumulation and has become a serious public health problem since it has been 

estimated that more than 650 million people over the age of 18 suffer from it (1). 

The main concern about obesity is its association with hypertension, type 2 

diabetes mellitus (T2D), cardiovascular diseases and some types of cancer (2–5). 

The causes that contribute to the development of obesity are multiple and include 

genetic, physiological, environmental, and social factors. For example, multiple 

studies have indicated that the adipose tissue itself could be related to 

development of obesity since it not only acts as an energy reservoir but also as an 

endocrine organ capable of releasing different hormones, proteins and cytokines, 

which could affect the cell and tissue functionality (6–10). Likewise, previous 

studies indicate that the two main depots of white adipose tissue in adults, the 

visceral and subcutaneous adipose depots, show differences in the expression of 

genes and proteins associated with obesity and even gender-specific differences 

have been reported between both types of depots (11–20). Despite the fact that 

the contribution of visceral depots to pathologies associated with obesity has 

already been established, some studies indicate that subcutaneous depots may 

have a neutral or even a protective role against the same pathologies. Therefore, 

the role of subcutaneous depots in the development and maintenance of various 

metabolic diseases remains controversial (21–24).  

Obesity is considered a disease with an important inflammatory component 

and many studies have focused on the adipose expression of pro-inflammatory 

proteins such as tumor necrosis factor alpha (TNF-α) or other cytokines (25–28). 
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However, to generate a more complete picture of adipose tissue metabolism and 

its possible participation on the associated pathologies it is necessary to address 

the role of additional elements which could also play an important role in the 

regulation of obesity. 

Previous work in our laboratory proved that TNF-α induces the 

overexpression of the gene encoding the serine protease inhibitor SERPINA3g, 

both in the preadipose and adipose states of 3T3-F442A murine adipose cell line. 

This work also showed that silencing of SERPINA3g prevented the antiadipogenic 

effect of TNF-α 3T3 preadipocytes and the insulin resistance induced by TNF-α in 

mature 3T3 adipocytes. These results suggest SerpinA3g plays a role in the 

modulation of adipose tissue development and metabolism by TNF-α (29). In 

humans there is the SERPINA3 gene, which encodes for alpha-1-antichymotrypsin 

(ACT), a serine protease inhibitor that has been studied primarily in relation to 

Alzheimer's disease, pathology considered a form of diabetes (30). However, its 

relationship with human adipose tissue depots has not been addressed. 

ACT is a protein that has received major attention in recent years because it 

has been positively related to T2D and obesity. For example, high levels of ACT 

have been detected in the serum of animal models with T2D and has been 

considered as a potential blood biomarker of diabetic retinopathy (31) and a urinary 

protein biomarker reported in diabetic patients (32). In the case of obesity, ACT 

protein has been shown to be significantly over-expressed in the serum of obese 

subjects when compared to their respective healthy controls (33). The mechanisms 

by which ACT appears to be related to obesity involve high levels of pro-

inflammatory cytokines such as TNF-α, IL-2 and IL-6 which stimulate the synthesis 



3 

 

of ACT, the interaction of ACT with cathepsin G, one of its main targets, promotes 

the maintenance of an inflammatory environment. Likewise, ACT promotes an 

increment of ROS, which also seems to stimulate inflammation (34-37). In fact, it 

has been shown that insulin resistance in obese individuals is related to an 

increased release of pro-inflammatory cytokines by adipocytes (38). However, 

despite the aforementioned studies, so far there is no report of the expression of 

ACT in human adipose tissues as well as on its role on the adipose metabolism. 
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2. METHODS 

2.1. Human adipose tissue samples 

Samples of subcutaneous adipose tissue were obtained from 14 normal-

weight patients corresponding to seven females and seven males who underwent 

abdominal surgery and from twelve obese patients corresponding to eight women 

and four males undergoing bariatric surgery at the General Hospital of Mexico in 

Mexico City. The following inclusion criteria were applied: voluntary patients ages 

20-45 years without cancer or HIV diagnosis. The exclusion criteria included 

pregnancy or treatment with drugs that may alter metabolism and compromise 

body weight. The Ethics Committee of the General Hospital of Mexico approved 

the study protocol and adult individuals were recruited during the period from 

August 2019 to December 2019. Both sexes were classified as obese or lean 

according to their body mass index (BMI) following the WHO criteria (BMI of ≥30 or 

<24.9 kg/m2, respectively) (39). 

2.2. RNA extraction and RT-PCR 

Total RNA from subcutaneous and visceral adipose tissue samples was extracted 

using TRIzol®. RNA samples were quantified by spectrophotometry at a 260 nm 

UV wavelength; 1 µg of total RNA was used for reverse transcription, 0.5 µg of 

random primers, 200 U of reverse transcriptase, 25 U of RNAsin, dNTP 0.5 mM, 1x 

RT buffer in a final volume of 25 μl at 42 oC, 90 min. Controls without reverse 

transcriptase were used and glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was used as an internal control. The cDNA was amplified using the 

following ACT and gapdh oligonucleotides: 5’ CCAACGTGGACTTCGCTTTC 3’ 

(sense) 5’ CTCTTGGCATCCTCCGTGAA 3’ (antisense) and 5’ 
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GAAGGTGGTGAAGCAGGCGT 3’ (sense) 5’ ATGTGGGCCATGAGGTCCACCA 

3’ (antisense) respectively. Amplification reactions were performed adding 500 µg 

of cDNA, 1.5 mM MgCl₂, ACT 0.2 uM primers, dNTP 0.2 uM, 1.25 U Taq 

polymerase and 1x buffer in a final 15 µL volume. The following conditions were 

used: an initial denaturation cycle at 95 °C for 5 min, followed by 33 cycles at 95 °C 

for 30 s, 58.4 °C for 1 min and 72 °C for 1 min, with a final extension cycle at 72 °C 

for 5 min. The PCR products of 322 bp for ACT were visualized on 1.5% agarose 

gels stained with ethidium bromide. 

2.3 RNA extraction and RT-qPCR 

Total RNA from subcutaneous adipose tissue samples was extracted using 

TRIzol®. RNA samples were quantified by spectrophotometry at a 260 nm UV 

wavelength; for reverse transcription 1 µg of total RNA was used, 0.5 µg of oligo 

dT primer, 200 U of reverse transcriptase, 25 U of RNAsin, dNTP 0.5 mM, 1x RT 

buffer in a final volume of 20 μl at 50 oC 60 min. Controls without reverse 

transcriptase were used. For the RT-qPCR 200 ng of cDNA, the same ACT-

specific oligonucleotides used in the RT-PCR and SYBR Green in a final volume of 

15 μl was used. The mRNA levels of ACT were calculated, with the Ct values 

normalized to GAPDH as a constitutively expressed gene and compared according 

to the gender and metabolic condition of subjects.  

2.4 Statistical analysis  

The correlation between the metabolic condition and mRNA levels was examined 

using the nonparametric Mann-Whitney U test at statistical significance of p<0.05 

using GraphPad Prism 5.0 (GraphPad Software, Inc.; San Diego, CA, USA). 



6 

 

3. RESULTS 

3.1. ACT is expressed in human adipose tissues 

Since the expression of ACT in human adipose tissue has not been reported, we 

first evaluated the expression of ACT gene in subcutaneous and visceral human 

adipose depots, the two main types of mammalian white adipose tissue. Six 

subcutaneous and six visceral adipose tissue samples obtained from four females 

and two males normal-weighted donors were analyzed. All the samples, except for 

a subcutaneous female sample, showed the presence of a 322 bp band 

corresponding to ACT mRNA (Fig. 1). Although this assay was no quantitative, the 

visceral samples showed a stronger ACT expression than subcutaneous ones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. ACT expression in subcutaneous and visceral human adipose tissues. Total RNA (1 

g) from subcutaneous (SC) or visceral (VC) human adipose samples was analyzed by RT-PCR 

using oligonucleotides specific for ACT mRNA. Gapdh was used as an internal control and negative 

controls without reverse transcriptase were included. The PCR products were visualized on 1.5% 

agarose gels stained with ethidium bromide.  



7 

 

3.2. Human obesity appears to induce act overexpression 

Once we demonstrated ACT expression in human adipose tissues, to better 

characterize the ACT expression according to body weight, we decided to 

quantitatively analyze ACT expression levels in human subcutaneous adipose 

tissue samples obtained from fourteen subjects with normal weight and twelve with 

obesity. 

RT-qPCR analyses revealed that despite not presenting statistically significant 

differences, there is a slight tendency for subjects with obesity to have a higher 

expression of ACT when compared to normal-weight subjects (Fig. 2).  

 

 

 

 

 

 

 

 

 

Fig. 2. Quantification of expression levels of ACT in subcutaneous adipose tissue of 

subjects with normal weight or obesity.                                                                                                                               

Total RNA was isolated from subcutaneous adipose tissue samples of fourteen normal weight and 

twelve obese patients after undergoing a surgical procedure. The expression of ACT was analyzed 

by RT- qPCR with the Ct values normalized using gapdh. High delta Ct values mean low expression 

while low delta Ct values mean higher expression. 
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3.3. Metabolic condition seems to alter act expression patterns and is higher in 

females with normal weight  

 
Since specific gender differences in the gene expression of human adipose tissue 

have been reported (40) and to explore the effects of metabolic condition on ACT 

expression, we compared the expression levels of ACT between females and 

males in the obesity or normal weight metabolic conditions and directly between 

the two genders.  

Fig. 3 shows that it is females with normal weight who have a tendency to a higher 

expression of ACT, however when the evaluated metabolic condition changes to a 

state with obesity, it is males who now show a tendency to a higher expression of 

ACT. Finally, according to gender, significant differences in the level of ACT mRNA 

expression were found, being normal weight females who showed statistically 

higher levels of ACT expression (p <0.05). On the other hand, when the group 

analyzed is that of obese subjects, it is again males who have a tendency to a 

higher expression of ACT in subcutaneous adipose tissue (Fig. 4). 
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Fig. 3. Effects of gender and metabolic condition on ACT expression levels.               

The expression of ACT mRNA was analyzed in subcutaneous adipose tissue samples by RT-qPCR 

as described in Methods. The comparison of ACT expression levels according to the metabolic 

condition (normal weight or obesity) presented by males and females is show. High delta CT values 

mean low expression while low delta CT values mean higher expression.  

 

Fig. 4. Differences in ACT expression according to gender.                                                

Analysis of the levels of ACT expression obtained from samples of adipose tissue from seven 

females and seven men with normal weight and from twelve patients with obesity corresponding to 

eight females and four males. High delta Ct values mean low expression while low delta Ct values 

mean higher expression. Asterisk indicates significant differences according to an ANOVA test (P< 

0.05). 

 



10 

 

4. DISCUSSION 

We demonstrate for the first time that ACT gene is expressed in 

subcutaneous and visceral human adipose tissues (Fig 1); suggesting that ACT 

serpin could play a role on the human adipose metabolism. To strengthen this 

hypothesis, the presence of the ACT protein must be experimentally corroborated, 

especially considering that even though the expression of ACT has been confirmed 

in the liver, activated astrocytes and monocytes (35, 41, 42), there are no reports 

that indicate the same for human adipose tissue; these results might suggest hat 

the inhibitor may carry out different functions depending on the local 

microenvironment.  

It is important to mention that this study focused only on mRNA levels, so 

some of the differences in gene expression that were observed may not occur at 

the protein level. Conversely, significant differences in protein regulation could 

occur without alteration in mRNA levels, so it is recommended to continue with the 

analysis of the ACT protein in the adipose tissue.  

Although initial evaluations comparing ACT expression in normal weight 

versus obesity samples showed no statistically significant differences (Fig. 2), more 

detailed analyses grouping samples first by gender and then by metabolic 

condition showed clear although yet no statistically significant tendencies in the 

expression of ACT (Fig. 3). These tendencies in the ACT expression appeared 

contrasting as obesity seems to decrease ACT expression in female subcutaneous 

tissue while the same condition seems to induce the overexpression in male 

samples. Grouping of samples first by metabolic condition (normal weight vs 

obesity) and then by gender (female vs male) confirmed that under normal weight 
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conditions ACT showed a higher expression in the female subcutaneous tissue 

than their male counterparts. On the contrary, under obesity conditions we 

observed a clear although not statically significant tendency for a higher ACT 

expression in male subcutaneous adipose tissue. These results suggest that there 

is a specific gender regulation in the ACT adipose tissue expression, it should be 

taken into account that during obesity the levels of pro-inflammatory molecules that 

can regulate ACT expression may not change or increase in the case of women, 

while in the case of men they always increase (43), which could partially explain 

the results obtained in the present study. However, it is necessary to increase the 

number of samples in each of the analyzed groups to obtain more reliable results. 

On the other hand, we consider that it is important in the future to carry out an 

analysis focused on the expression of ACT in visceral adipose tissue since it has 

been pointed out that visceral depots are more strongly associated to diverse co-

morbidities of obesity such as hypertension, T2D and metabolic syndrome (44). 

Furthermore, since SERPINA3g seems to play a role in anti-adipogenesis and 

insulin resistance induced by TNF-α in murine adipocytes (29), it would also be 

important to analyze ACT expression in the course of human adipogenesis in vitro. 

Addressing these issues will generate a broader picture of the functioning of 

adipose tissue, its relationship with ACT and the contribution of both to obesity. 
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5. CONCLUSION 

Our study demonstrates that ACT is expressed in subcutaneous and visceral 

human adipose tissues and suggests ACT expression depends on both the gender 

and metabolic condition of the patient. Further studies on a larger population 

sample will allow us to confirm the role of gender and body weight on ATC 

expression and its role in the terminal adipose differentiation. 
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