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Expression levels of filaggrin-2 in relation to drip loss in pigs

Autchara Kayan1,* and Nunyarat Koomkrong2

Objective: The aim of this study was to investigate the expression level of filaggrin-2 (FLG2) 
in correlation with drip loss.
Methods: The muscle samples were randomly taken from a local meat supplier. Samples 
were taken from Longissimus lumborum muscles to evaluate the drip loss (n = 100). Five 
muscles per group (low and high drip loss) were selected to evaluate FLG2 mRNA and 
protein expression levels.
Results: mRNA of FLG2 gene was not significantly different in pigs with different levels of 
drip loss (p>0.05). Statistical analysis revealed that FLG2 protein expression levels were 
significantly different between the drip loss groups. Western blot revealed that the high 
drip loss group had higher FLG2 protein expression level than the low drip loss group 
(p<0.001). Moreover, immunohistochemistry revealed the high signal intensity was on the 
muscle cell membrane and cytoplasm.
Conclusion: FLG2 protein might play roles in drip loss of pork and will provide the basis 
for information to improving meat quality traits in pigs.
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INTRODUCTION 

Drip loss can be used to determine water-holding capacity in raw meat and it has high 
importance in pig meat production due to its financial implications including the loss of 
weight, reducing acceptance and causing rejection by consumers [1]. The drip loss for 
pork was found to range from 2.2% to 12.6% depending on meat pH, carcass temperature, 
postmortem metabolism and muscle fiber structural changes [2]. Some of the proteins in 
muscle tissue related to drip loss [3,4] have been implicated by their expression in proteomic 
studies. Proteomic study makes an important contribution towards a more detailed mo-
lecular view of the processes behind water-holding capacity [5]. Some of the proteins have 
been associated with meat quality traits [4,6]. Filaggrin-2 (FLG2) is a member of the S100-
fused type protein family and a key protein implicated in epidermal barrier functions [7]. 
The biological process of FLG2 is involved in structural constituent of cytoskeleton [5]. 
Cytoskeleton functions to form a framework within the muscle fiber, connecting the myo-
fibrils to the sarcolemma and keeping the complex arrangement of the contractile elements 
[8]. The state of the cytoskeleton can influence the loss of muscle exudates known as drip 
loss, which originate from shrinkage of myofibrils after death [9,10]. The fibers shrink as 
their constituent myofibrils shrink and the water that is left behind accumulates first around 
the perimysial network and later around the endomysial network, giving rise to two ex-
tracellular water compartments. In pale soft exudative (PSE) meat the myofibrils shrink 
about twice as much as in normal meat [11]. Moreover, FLG2 protein is a substrate of cal-
pain-1 [7,12], which plays a major role in regulating proteolysis of cytoskeletal proteins 
under postmortem conditions [10]. It has been found that increased degradation of the 
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intermediate filament protein may compensate for some of 
the shrinkage of muscle cells [13]. In pigs, FLG2 was lower in 
abundance in low drip loss compared to intermediate drip 
loss [5] and high drip loss [14]. In human, FLG2 protein is 
variably expressed in the stratum corneum of dermatitic skin. 
Its expression is minimized in those with acute spongiotic 
dermatitis and in association with a brisk inflammatory in-
filtrate [15]. Moreover, FLG2 is essential for normal cell-cell 
adhesion in the cornified cell layers. FLG2 was found to be 
expressed throughout the cornified cell layers and to colocalize 
with corneodesmosin that plays a crucial role in maintaining 
cell-cell adhesion in this region of the epidermis [16]. This 
study combines information on protein localization, mRNA, 
and protein abundance. The study of proteins expressed at 
the muscle fiber related to drip loss. The quantitative study 
of the expression of FLG2 proteins and their localization is 
also vital for identifying the protein role in adequate amount, 
in the correct localization and interacting between muscle 
function on drip loss. In our study, we have investigated the 
expression of FLG2 in Longissimus lumborum muscle, to ex-
plore the possible presence of alterations that could be useful 
in studying the biology of FLG2 gene on drip loss.

MATERIALS AND METHODS 

Animals and muscle sampling
A total of 100 muscle samples of three crossbred pigs (Duroc× 
[Large White×Landrace]) were randomly collected from a 
local meat supplier in Thailand. All pigs were slaughtered at 
about 6 months of age and the average body weight was 
112.13±4.81 kg according to standard slaughtering proce-
dures of DLD (Department of Livestock Development, 
Thailand). After electrical stunning, carcasses were scalded, 
cleaned, eviscerated, and split. The muscle samples were im-
mediately taken from the Longissimus lumborum between 
13th/14th rib to evaluate drip loss and the muscle samples 
were kept at –20°C for protein expression and –80°C for 
mRNA expression until subsequent analysis.

Drip loss analysis
Drip loss was scored based on a bag method with a size-
standardized sample from Longissimus lumborum muscle at 
the 13th to 14th ribs collected at 24 h post-mortem. The 
samples were cut to a 2.5 cm thick slice of muscle, weighed, 

suspended in a plastic bag, held at 4°C for 48 h, and thereafter 
re-weighed. Drip loss was calculated as a percentage loss of 
weight [17]. The divergent drip losses were categorized based 
on the previous studies [4,5,18-20]. In this study muscle 
samples included low drip loss (≤1.47%) and high drip loss 
(≥6.25%) groups.

mRNA expression of FLG2
Total RNA was isolated from 20 mg of the Longissimus lum-
borum muscle of low and high drip loss groups (n = 5 per 
group) by using QIAamp RNA Mini Kit (Qiagen, Courta-
boeuf, France) according to manufacturer recommendations. 
The purity of the extracted RNA was measured using the 
NanoDrop spectrophotometer. Real-time polymerase chain 
reaction (PCR) analysis was run using MyGo Pro real-time 
PCR instrument (IT-IS Life Science Ltd, Middlesbrough, 
UK) with reaction mixture using QuantiNova SYBR Green 
RT-PCR Kit (Qiagen, Hilden, Germany), consisting of 10 μL 
of 2× QuantiNova SYBR Green RT-PCR Master Mix, 1 μL 
of each 10 μM (0.5 μM) forward and reverse primer, 0.2 μL 
of QN SYBR Green RT Mix, 5 μL of template and 2.8 μL of 
nuclease-free water was made to a total volume of 20 μL. A 
two-step amplification program was pre-denaturation at 
95°C for 2 min, followed by 40 cycles of denaturation at 95°C 
for 5 s and annealing and extension at 60°C for 10 s. As a 
technical replication, all samples were repeated and the mean 
of the two replications was finally used. Results were reported 
as the relative expression level compared after normalization 
of the transcript level using the housekeeping gene TATA 
sequence binding protein (TBP). PCR Primers were de-
signed using the Primer3 software [21] and are shown in 
Table 1.

Protein expression of FLG2 protein by western blot
The samples were selected from 20 mg of the Longissimus 
lumborum muscle of low and high drip loss groups (n = 5 
per group). Extraction of total muscle proteins was by TRI 
Reagent (Sigma-Aldrich, St. Louis, MO, USA) according to 
the manufacturer’s instructions. Muscle protein concentra-
tion was determined by spectrophotometry. The muscle 
protein samples (30 μg total) were loaded on each well of a 
sodium dodecyl sulfate – 10% polyacrylamide gel at 100 V 
for 190 min in the Mini- PROTEIN II cell (Bio-Rad Labo-
ratories, Hercules, CA, USA). Protein was then transferred 

Table 1. Real-time quantitative polymerase chain primer sequences

Name Sequence Amplicon length (bp) Annealing temperature (°C)

FLG2 Forward TCCAGTGACAGTGAAAGGCA 234 60
Reverse CCTGTGACTGCGTGTGAAAA

TBP Forward GATGGACGTTCGGTTTAGG 124 60
Reverse AGCAGCACAGTACGAGCAA

FLG2, filaggrin-2; TBP, TATA sequence binding protein.
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to a polyvinylidene fluoride (PVDF) membrane (Bio-Rad 
Laboratories, USA) with Mini Trans-Blot® cell (Bio-Rad 
Laboratories, Beijing, China) in transfer buffer (25 mM 
Tris, 1.4% glycine and 20% methanol) at 150 mA for 90 
min. The PVDF membrane was incubated for 1 h at room 
temperature with anti-FLG2 antibody (diluted 1:800; LS-
C293945; LifeSpan BioSciences, Inc., Seattle, WA, USA) in 
blocking buffer (20 mM Tris pH 7.5, 150 mM NaCl, 0.05% 
Tween-20 and 1% polyvinylpyrrolidone). Non-specific 
binding of antibody was washed off with six changes of 
0.05% phosphate buffered saline with Tween-20, followed 
by detection with 1:10,000 diluted horseradish peroxidase 
(HRP) conjugated secondary Goat anti-Rabbit IgG-HRP 
(sc-2004; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) at room temperature for 1 h using the Clarity Western 
ECL Substrate Detechtion System (Bio-Rad Laboratories, 
Hercules, CA, USA) and visualized by using Omega Lum 
G imager (Aplegen Gel Company, San Francisco, CA, USA). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
antibody (I-19) (diluted 1:1,000; sc-48166; Santa Cruz Bio-
technology, Inc., USA) was used as a loading control and 
for normalization. Relative band intensities were compared 
by determining the ratio of the area densities of FLG2 to 
GAPDH bands for each lane using Image-J software (Na-
tional Institute of Mental Health, Bethesda, MD, USA).

Immunohistochemical detection of FLG2 protein
The muscle samples (Longissimus lumborum) of low and 
high drip loss groups were cut into 0.5×0.5×1.0 cm pieces 
within 45 min post-mortem after carcass bleeding, then im-
mediately fixed in 10% buffered neutral formalin solution 
for 24 hours. After fixation of the specimen, dehydrated in 
alcohol, cleared in xylene, infiltrated and finally embedded 
in paraffin [22]. The paraffin sections were cut at 3 μm thick-
ness and mounted on positively charged slides. Then, the 
sections were deparaffinized and antigens were retrieved by 
incubating the slides in citrate buffer at a pH of 6.0 at 95°C. 
Endogenous peroxidase activity was quenched with 3% H2O2 
in distilled water, followed by blocking of the nonspecific 
background using 2% bovine serum albumin at room temper-
ature (RT). Subsequently, the slides were incubated separately 
overnight at 4°C in humidified chamber with rabbitanti-
FLG2 antibody (diluted 1:50; 140329; US Biological Life 
Sciences, Swampscott, MA, USA). The slides were then in-
cubated with a HRP conjugated goat anti-rabbit antibody 
(EnVision, Dako, Denmark) at RT for 1 h, followed by de-
velopment with diaminobenzidine chromogen (Invitrogen, 
Carlsbad, CA, USA). The sections were counterstained with 
hematoxylin. PBS (0.01 M) was used as a negative control. 
Stained cross-sections were viewed and photographed with 
a light microscope (Olympus FSX100; Olympus, Tokyo, Japan) 
at 10× objective lens and a 10× eye piece.

Statistical analysis
Statistical analysis of the differences between drip loss groups 
was evaluated by t-tests of SAS (SAS Inst. Inc., Cary, NC, 
USA). Values of p<0.05 were considered to indicate statisti-
cally significant differences. The results are presented as least 
squares means with the standard errors.

RESULTS 

Drip loss
The drip loss variation from all samples was between 0.00% 
to 9.84%. The mean value, standard deviations, minimum 
and maximum of drip loss was 3.61, 1.86, 0.00, and 9.84, re-
spectively [23]. The mean value of low and high drip loss 
groups was 1.14%±0.64% and 7.72%±1.48%, respectively. 
The drip loss was negatively correlated with pH 24 h post-
mortem (r = –0.92, p<0.001) (data not shown).

mRNA expression of FLG2
Quantitative real-time PCR analysis showed the abundance 
of FLG2 transcript with divergent drip loss in pig muscle. 
The results showed that the FLG2 mRNA expression was 
not significantly different between pigs with high drip loss 
muscle and low drip loss muscle (p>0.05) (Figure 1). The 
abundance of FLG2 transcript of low and high drip loss 
groups was 1.117±0.102 and 0.989±0.014, respectively.

Protein expression of FLG2
In terms of protein expressions, there were significant differ-
ences in FLG2 protein expression levels between the drip 

Figure 1. Expression level of FLG2 gene transcript in Longissimus 
lumborum muscle between low and high drip loss groups: RT-qPCR 
analysis of FLG2 gene expression in the Longissimus lumborum 
muscle from low drip loss (≤1.47%) and high drip loss (≥6.25%) 
groups (n = 5 per group) in pigs. TBP was used as a reference for 
normalization. The bars represent the means±standard error of the 
means. The mRNA expression of FLG2 gene was no significant dif-
ference between groups (p>0.05). FLG2, filaggrin-2; RT-qPCR, re-
al-time quantitative polymerase chain reaction; TBP, TATA sequence 
binding protein.
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loss groups. The high drip loss group had higher FLG2 pro-
tein expression levels than the low drip loss group (Figure 2). 
The differences in optical density of the FLG2 protein bands 
between the drip loss groups were significantly different. The 
high drip loss group had higher optical density values than 
the low drip loss group. The optical density values of low and 
high drip loss groups were 0.260±0.021 and 0.758±0.057, re-
spectively (p<0.001).

FLG2 protein localization
FLG2 protein was detected by immunohistochemistry in the 
muscle fiber samples. The higher signal intensity was ob-
served on the muscle cell membrane and periphery of the 
cytoplasm in high drip loss group. The staining was more 
pronounced in the muscle fiber of high drip loss group (Fig-
ure 3).

Figure 2. FLG2 protein expression in low and high drip loss groups: Western blot analysis of FLG2 and GAPDH protein expression in the Longissi-
mus lumborum muscle from low drip loss (≤1.47%) and high drip loss (≥6.25%) groups (n = 5 per group) in pigs. GAPDH was used as a reference 
for normalization. Relative band intensities were compared by determining the ratio of the area densities of FLG2 to GAPDH bands for each lane. 
The high drip loss group had higher FLG2 protein expression levels than the low drip loss group. FLG2, filaggrin-2; GAPDH, glyceraldehyde-3-phos-
phate dehydrogenase.

Figure 3. FLG2 protein expression in muscle fiber of low and high drip loss groups: The immunohistochemical detection of FLG2 protein in forma-
lin-fixed paraffin-embedded samples from the Longissimus lumborum muscle from low drip loss (≤1.47%) and high drip loss (≥6.25%) groups in 
pigs. Stained cross-sections were imaged with a light microscope at 100×. The higher signal intensity was observed on the muscle cell mem-
brane and periphery of the cytoplasm in high drip loss group. FLG2, filaggrin-2.
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DISCUSSION 

The water-holding capacity is affected by many factors in the 
whole meat production chain [9]. Drip loss has a wide range 
between 0% to 15% in pork [24]. The range of drip loss in 
this study was lower than other studies, which was reported 
between 0.21% to 16.51% [25], 1.28% to 16.08% [26] and 
2.20% to 20.7% [27]. The pH at 24 h postmortem in this study 
is high. The negative correlation between pH and drip loss 
has been reported [28,29]. The drip loss varies according to 
postmortem metabolism as a result of ATP degradation and 
the rate of acidification [30]. A faster pH decline causes de-
naturation of sarcoplasmic and myofibrillar proteins, resulting 
in reduced water holding capacity [31]. In this study, the 
highest proportion of samples (56% of all samples) was lower 
than the 3% drip loss that was defined in normal meat [30,32]. 
The pork with a drip loss higher than 4% (44% of all samples) 
was likely to be an incidence of PSE meat [30]. The drip loss 
variations are affected by many factors in the whole meat 
production chain including physiological factors, management 
conditions and processing factors [9]. The genetic correla-
tion between WHC and drip loss traits is high. There is also 
a correlation to other meat quality traits, such as pH value, 
cooking loss, reflectance, etc. [33]. The heritability was 0.28± 
0.09 [34]. In general terms, each meat trait is under single or 
multiple gene control. However, expression of genotype de-
pends to a great extent on environmental conditions, which 
can differ. These conditions, from the aspect of meat quality, 
include various pre-slaughter conditions and post-slaughter 
factors. Interactions between genes and environment occur 
to a greater or lesser degree, and it is difficult to separate each 
of them [35]. Consequently, expression of these traits in this 
study might be influenced from the interaction between the 
traits and environment condition [36].
 Proteins are the major product of life process and might 
reflect gene function more directly than mRNA. In addition, 
some messages are transcribed but not translated, thus the 
number of mRNA copies does not necessarily reflect the 
number of functional protein molecules [37]. Early post-
mortem changes of muscle proteins are key factors influencing 
the loss of water in meat and proteolytic degradation results 
in shrinking of muscle cells and drip loss [38]. However, 
FLG2 is a key protein implicated in the epidermal barrier 
functions. Both display a related structural organization, an 
identical pattern of expression and localization in human 
epidermis, and proteolytic processing of a large precursor 
[7]. The biological process of FLG is involved in structural 
constituents of the cytoskeleton [5], that relates to water-
holding capacity of meat. Previous studies found that FLG2 
protein was lower in abundance in low drip loss compared 
to intermediate drip loss [5] and high drip loss [14] in pork 
muscle exudate. The same result as this study, the expression 

level of FLG2 protein was correlated to drip loss in these 
commercial crossbred pigs. A high expression level and the 
mean values of optical density of FLG2 protein were detect-
ed in the high drip loss group. The higher signal intensity 
was observed on the sarcolemma and periphery of the sar-
coplasm in high drip loss group by immunohistochemistry 
due to the basic unit of contraction being the sarcomere, 
which is comprised of a plethora of structural and regulatory 
proteins. The sarcomere is tethered to the sarcolemma, the 
membrane surrounding the myofibril by another cytoskele-
tal assembly [39]. The same result as the previous reports, 
FLG2 protein was lower in abundance in low drip loss com-
pared to intermediate drip loss [5] and high drip loss [14] in 
pork muscle exudate. This might be due to FLG2 protein be-
ing a substrate of calpain 1 [7,12] which plays a major role in 
regulating proteolysis of cytoskeletal proteins under postmor-
tem conditions [10]. Because the activation rate of calpain 1 
is associated with proteolysis of cytoskeletal proteins and 
therefore could play a role in drip loss [18]. Duroc×Landrace× 
Yorkshire crossbred pork had high calpain 1 mRNA expres-
sion, higher calpain 1 activity and increased rate of muscle 
protein proteolysis, resulting in the lower pH values and 
higher drip loss than commercial Meishan pork [40]. The 
functions of the cytoskeleton include forming a framework 
within the muscle fiber, connecting the myofibrils to the 
sarcolemma and keeping the complex arrangement of the 
contractile elements [8]. Thus, the state of the cytoskeleton 
can influence the loss of exudates [10] due to drip loss origi-
nating from shrinkage of fiber after death [9]. The fibers 
shrink as their constituent myofibrils shrink and the water 
that is left behind accumulates first around the perimysial 
network and later around the endomysial network, giving 
rise to two extracellular water compartments. In PSE meat, 
the myofibrils shrinkage was found about twice as much as 
in normal meat [11]. The degradation of the cytoskeleton 
slowly removes the linkage between lateral shrinkage of 
myofibrils and shrinkage of entire muscle fibers, so removing 
the force that causes flow into the extracellular space [41]. 
Moreover, it has been found that increased degradation of 
the intermediate filament protein may compensate for some 
of the shrinkage of the muscle cell due to the drop in pH 
[13]. Water loss from the muscle is impacted by a variety of 
the structural changes of muscle [42]. Therefore, the present 
results indicated high levels of FLG2 was associated with 
cell function and increasing of water loss, and it could act 
as indicator for poor water holding capacity of meat.

CONCLUSION

This study revealed that the expression level of FLG2 protein 
and immunohistochemistry was correlated to drip loss in 
these commercial crossbred pigs. The high expression level 
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of FLG2 protein was detected in the high drip loss group. 
Therefore, these results might be used to improve water-hold-
ing capacity in terms of drip loss in pork.
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