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20-HEPES: 20-hydroxyeicosatetraenoic acid 

4-OHT: 4-hydoxytamoxifen 

AA: arachidonic acid 

ALB: albumin 

ALT: alanine amino-transferase 
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1. Introduction.  
 

1. 1. Prostanoid synthesis.  
The limiting step in the prostanoid synthesis pathway is the conversion of arachidonic acid (AA) into 
prostaglandin H (PGH2), which is catalysed by the protein cyclooxygenase (COX), also known as 
prostaglandin H synthase (DeWitt, 1991). Arachidonic acid is not freely found in the cell inside, it is 
bound to membrane glycerophospholipids. Once liberated through phospholipase enzymes, three 
metabolic pathways coexist (Simmons et al., 2004) (Fig 1.):  

¨ The lipoxygenase (LOX-5) pathway: the arachidonic acid is metabolized to yield leukotrienes 
and lipoxins. These metabolites present pro-inflammatory effects and anti-inflammatory 
effects, respectively (Simmonse et al.,  2004).  

¨ The cytochrome P-450 monooxygenase pathway: the cytochrome P450 enzymes convert the 
arachidonic acid into 20-hydroxyeicosatetraeonoic acid (20-HEPES) and into 
epoxyeicosatrienoic acid (EETs). These metabolites have influence over the renal and vascular 
function and over arterial pressure. These conversions are the constitutive renal metabolism of 
the arachidonic acid (Fan and Roman, 2017).  

¨ The cyclooxygenase pathway: the arachidonic acid is first cyclized into prostaglandin G2 (PGG2) 

and then reduced to PGH2, the substrate to various isomerases and oxidoreductases, those that 
synthetize the different biologically active prostaglandins (Simmons et al., 2004). This is the 
pathway in which cyclooxygenase activity take part, catalysing the conversion of arachidonic 
acid into PGH2.  

 

 

 

 

 

Figure 1. Metabolism of arachidonic acid. The three pathways, cytochrome P-450 
monooxygenase pathway (P-450), lipoxygenase (LOX-5) pathway and cyclooxygenase (COX) 
pathway, are shown. 
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Prostaglandins are reduced half-life lipid mediators with a great diversity of biological functions owing 
to the fact they are able to bind to G-protein receptors close to their synthesis site with great affinity. 
Conversion from arachidonic acid into PGH2 is followed by sequential actions of specific synthases in 
order to synthetize PGD2, PGF2a, PGE2, PGI2 (prostacyclin) and thromboxane A2 (Caughey et al., 2014) 
(Fig. 2). These conversions depend on the pattern expression of the specifics prostaglandin synthases 
in particular tissues (Breinig et al., 2008).  

 

 

In liver, the major prostaglandin synthase is the microsomal prostaglandin E synthase-1, which 
synthetizes PGE2. This prostaglandin has a controversial role in the liver. Some studies indicates that 
prostaglandins favour the development of hepatic steatosis, non-alcoholic steatohepatitis and 
ultimately fibrosis, whereas other demonstrates  that PGE2 inhibits fibrogenesis and NASH progression 
although COX-2 inhibition potentiates inflammation and experimental liver fibrosis (Motiño et al. 
2016). 

Prostaglandins carry out their function depending on the receptors they bind. PGI2 and PGD2 signal 
responses that increase intracellular cAMP concentration, whereas PGF2a  and TXA2 signal responses 
that increases intracellular Ca2+ concentration. PGE2 is able to signal responses that decrease 
intracellular cAMP concentration or increase intracellular Ca2+ concentration depending on the 
receptors it joins. (Clària, 2003). These different activities are owed to the union with different 
receptors.  See Table 1.  

 

 

 

 

 

Figure 2. PGH2-derived prostanoids.  
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Prostanoid Receptor Response 

PGE2 EP1 Increase intracellular [Ca2+] 

PGE2 EP2 Increase intracellular [cAMP] 

PGE2 EP3 Decrease intracellular [cAMP] 

PGE2 EP4 Increase intracellular [cAMP] 

PGD2 DP1 Increase intracellular [cAMP] 

PGF2a FP Increase intracellular [Ca2+] 

TXA2 TP Increase intracellular [Ca2+] 

PGI2 IP Increase intracellular [cAMP] 

 

1.2. Cyclooxygenase 2 enzyme.  

 

1.2.1. Cyclooxygenases isoenzymes.  

Two isoforms of the COX enzyme have been identified. The first isoform discovered, COX-1, is 
constituvely expressed in most cells and tissues. In contrast, second isoenzyme, COX-2, expression is 
upregulated in response to the presence of compounds associated with inflammation, like 
lipopolysaccharides or pro-inflammatory cytokines (IL-1 or IL-2) (Morita, 2002), whereas anti-
inflammatory cytokines (IL-4 or IL-13) or corticosteroids induce a decrease in COX-2 expression (Vane, 
et al.,  2002).  

The 5’-flanking regions in human and murine COX-2 genes have been well characterized, containing 
binding domains for proteins that take part in the inflammatory process, like NF-kB or Sp1 (Kosaka et 
al., 1994). COX-2 is a 74 kDa protein associated to the membranes of the endoplasmic reticulum in the 
area surrounding the nuclear membrane (Morita et al. 1995). 

Both enzymes are inhibited by non-steroidal anti-inflammatory drugs (NSAIDs), like aspirin, the most 
widely known NSAID, but also there are specific inhibitors for the second isoenzyme.  These compounds 
were released in order to carry out their function just in the sites of inflammation. This second type of 
inhibitors is known as selective COX-2 inhibitors (COXIBs), like celecoxib, rofecoxib or 5,5-dimethyl-3-
(3-fluorophenyl)-4-(4-methylsulphonyl) phenyl-2(5H)-furanone (DFU) (Clària, 2003).  

Table 1. Biological activity of prostaglandins.  
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It is worth highlighting that both isoenzymes are genetically independent. They have different 
expression patterns and do not respond to the same stimuli. Kraemer et al. demonstrated that the 
genes which codify each enzyme are in different chromosomes showing diverse properties (Kraemer, 
Meade, and DeWitt, 1992). 

 

1.2.2. Cyclooxygenase 2 in health and disease. 

COX-2 is found in some tissues in physiological conditions, like macula densa, testes and brain. Even 
though there are many similarities between two isoforms, like structural or kinetics ones, both isoforms 
have different functions due to their different regulation pattern (Wang and Dubois, 2010). Although 
COX-2 isoenzyme is constituvely expressed in some tissues, it has been observed that this enzyme is 
highly expressed in inflammatory tissues. This is why it has been widely considered that COX-1 
contributed to homeostatic regulation, while COX-2 has a greater involvement in pathological 
processes (Zarghi and Arfaei, 2011). 

It has been shown that COX-2 gene is constituvely expressed in some pathological conditions, like 
colorectal cancer (Y. Wang and Streicher, 2008) or pancreatic cancer. In the other hand, COX inhibitors 
are also able to inhibit tumor growth and lung metastasis in Lewis lung carcinoma model (Koki et al., 
2002). The dysregulation of this enzyme is something common in several cancers, including the 
colorectal cancer, mammalian cancer or lymphoma was previously reported (Y. Wang and Streicher, 
2008).  

 

1.2.3. Cyclooxygenase 2 in liver.  

An enormous amount of metabolic functions is performed in the liver, such as glycogenesis, 
glycogenolysis, gluconeogenesis, lipogenesis, synthesis of urea, fatty acid oxidation and protein 
metabolism. The liver also has secretory functions (bile) that help to excrete exogenous compounds, 
like antibiotics or drug-derived metabolites (Mitra and Metcalf, 2009). There are many cell types in the 
hepatic tissue, most of them are hepatocytes (~60%), but other cellular types exist, such as Kupffer 
cells (hepatic macrophages), stellate cells, fibroblasts and epithelial cells (Stevens et al., 2013).  

It has been demonstrated that COX-2 is not expressed in adult hepatocytes, either they are stimulated 
or not, whereas is induced in foetal hepatocytes in the presence of pro-inflammatory molecules. In 
adult liver, just Kupffer cells have the ability to express COX-2 after a pro-inflammatory stimuli (Callejas 
et al., 2000).  

 

1.2.4. Cyclooxygenase 2 in liver diseases.  

Previous work in our laboratory was carried out with a transgenic mouse model which express 
constituvely COX-2 specifically in hepatocytes under the control of the pLIV promoter, a synthetic 
promoter that specifically targets expression in hepatic tissue. This model, in pathological conditions, 
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presented induced anti-apoptotic protein whereas the inhibition of the COX-2 induce the expression 
of pro-apoptotic proteins (Casado et al., 2007).  

This model was also used to stablish the role of COX-2 in non-alcoholic steatohepatitis (NASH). These 
mice were fed with methionine and choline diet (MCD) in order to induce a NASH. A marker of this kind 
of injury is an elevated level of alanine-aminotransferase (ALT) in serum. After this diet, transgenic mice 
showed a much more moderate liver inflammation than the control group (wild type animals) as well 
as a decrease of the plasmatic levels of pro-inflammatory cytokines. In this study was also 
demonstrated that COX-2 is also able to regulate stellate cells activation. Stellate cells play an 
important role in hepatic fibrogenesis. Therefore, COX-2 is also able to regulate hepatic fibrogenesis 
(Motiño et al., 2016). 

The prostanoids synthetized by COX-2 are able to induce the expression of anti-apoptotic proteins in 
diabetic mice models that overexpress human COX-2 specifically in hepatocytes, that means that COX-
2 is able to inhibit diabetes-induced apoptosis in diabetic liver (Francés et al., 2013). Besides, COX-2 
has a protective role in adiposity, inflammation and insulin resistance after a high fat diet, being COX-
2 or its analogue products a potential therapy against metabolic dysfunctions related to obesity or 
diabetes (Francés et al. 2015).  

Furthermore, with this model, studies of carcinogenesis were carried out. The transgenic mice 
demonstrated a minor contribution of COX-2 to chemical and genetic carcinogenesis induced in mice 
and the expression of the COX-2 enzyme favors the development of preneoplastic foci without 
affecting malignant transformation  (Izquierdo et al. 2011). In addition, in human hepatocellular 
carcinoma (HCC) cohort there was a decrease in COX-2 expression by its promoter hypermethylation 
and a hypoacetylation in H3 histone, which led to a reduction of overall survival of the patients 
(Fernández-Álvarez et al. 2012). 

During hepatic ischemia/reperfusion (I/R) there is an activation of the Kupffer cells, leading to 
abundant production of reactive species of oxygen (ROS), proinflammatory cytokines and COX-2 
derived-prostanoids (Demiryilmaz et al. 2014; Hamada et al. 2008). Studies carried out with transgenic 
mice that overexpress COX-2 in hepatocytes show that constitutive expression of COX-2 in transgenic 
mice lead to lower grades of necrosis and inflammation than wild-type mice after the hepatic I/R, in 
part by reduced hepatic recruitment and infiltration of neutrophils, with a concomitant decrease in 
serum levels of pro-inflammatory cytokines. Furthermore, hCOX-2 transgenic mice showed a 
significant attenuation of the I/R injury-induced increase in oxidative stress and hepatic apoptosis and 
an increase in autophagic flux than the observed in wild type mice. These data suggest that 
prostaglandins might have a protective role during liver transplantation, supporting the idea of a 
protective effect of hepatic COX-2 induction against I/R injury (Motiño et al. 2019) 

 

1.3. Inducible expression of the cyclooxygenase-2 enzyme.  

In liver, COX-2 expression occurs during pathophysiological circumstances that involve regeneration, 
acute intoxication, dedifferentiation processes and cell proliferation and other situations like viral 
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infection, cirrhosis or hepatocellular carcinoma. Considering the previous data obtained in the 
laboratory using our transgenic model, we hypothesize that COX-2 induction plays a protective role as 
a physiologic response against liver injury. We think prostaglandins are major players in the observed 
processes, and that relative local concentrations are determinant for hepatoprotective effect.  

To explore the possible therapeutic use of COX-2 overexpression, we must demonstrate whether the 
protective effects is maintained if the induction of the pathology precedes the overexpression of the 
enzyme. We will used rescue studies using conditional COX-2 transgenic mice by the Cre-LoxP system 
generated using CRISPR/Cas9 technology.  

In this construction, the hCOX-2 gene is expressed under the control of the artificial CAG promoter. 
This is a chimeric promoter consisting of cytomegalovirus (CMV) enhancer fused to the chicken beta-
actin promoter (Sladitschek and Neveu, 2016). Between the promoter and the hCOX-2 gene there is a 
puromicine gene followed by a stop signal loxP-flanked. This system avoids the expression of the hCOX-
2 gene until the action of the Cre recombinase, which eliminates the stop signal and allows the 
expression of the transgene.  

In addition, the hCOX-2 is a chimeric gene that also contents the green fluorescent protein (GFP) gene 
in order to facilitate the monitoring of the hCOX-2 gene expression. hCOX-2 and GFP genes are 
separated by the “autocatalytic” P2A peptide, so they are expressed as two separated proteins. This 
construction was inserted in the Rosa26 locus using CRISPR/Cas9 technology. The Rosa26 locus is 
located in the 6 chromosome and it is a habitual target to generate knock-in mice, since a ubiquitously 
expression of the transgene is obtained and the insertion in this locus does not lead to phenotypic 
changes.  

 

 
 

 

 

 

1.4. The Cre-LoxP system.  

The Cre recombinase is a D6 specific recombinase discovered in the bacteriophage P1. Its working 
mode is based on the reconnaissance of specific sequences of DNA called loxP (locus of x-over, P1). The 
loxP sites are short sequences of DNA consisting on two palindromic sequences of 13 bp and a core 
sequence of 8 bp. This technology is applied to create inducible transgenic organisms. Nowadays, there 
are Cre recombinases expressed under specific tissue/cell promoters as well as being induced or 
activated temporally by administration of an exogenous ligand or drug. An example of this mechanism 
is the tetracycline-induced or the tamoxifen-induced Cre recombinase. (Kim et al., 2018).  

Figure 3. Scheme of the transgene inserted in Rosa26 locus, consisting of 
CAG promoter, puromicine gene and stop signal LoxP flanked followed by 
the hCOX2/P2A/GFP chimeric cDNA.  

LoxP LoxP 
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The tamoxifen-inducible system has been developed by fusing the Cre protein and an estrogen 
receptor, being called the fusion protein CreERT (Metzger et al. 1995). This fusion protein is kidnapped 
by the heat shock protein 90 (HSP90) in the cytosol until its activation by binding synthetic steroids, 
such as tamoxifen or 4-hydoxytamoxifen (4-OHT). When the steroids join the estrogen receptor, the 
recombinase is translocated into the nucleus and it can carry out the recombinase activity. This system 
was improved by performing a second mutation on another part of the estrogen receptor, attaining 
the CreERT2, being this update much more sensitive to tamoxifen and 4-OHT in vivo (Indra et al. 1999). 

Another approximation to this technology is the MerCreMer system. This construction has two murine 
estrogen receptor (Mer), which have a modification in the glycine at position 525, replaced by arginine 
(G525R). This mutation makes the receptor to lose its binding activity to 17b-oestradiol (endogenous 
estrogens) but retains the capacity to bind antiestrogen drugs such as tamoxifen or 4-OHT (Zhang et 
al., 1996).  

 

1.4.1. Hepatic expression of the Cre recombinase 

It has been proved that the expression of a transgene under the albumin (Alb) promotor is specifically 
directed to adult hepatocytes. This gene is expressed at low levels during the fetal liver development, 
but the expression increases gradually during the organism growth, reaching its expression peak at 
approximately ten days after birth. This maximum expression level is maintained until the death of the 
organism (Yakar et al., 2002). This makes the pAlb-Cre construction really useful to carry out studies of 
gene deletion or knock in genes by the recombinase activity of the Cre protein specifically in adult 
hepatocytes.  

Transthyretin (TTR) is a protein located in the plasma. It’s mainly synthetized in the liver during the 
adulthood. The TTR gene possess two main functions, being the major thyroid hormone carrier in the 
plasma and joining the retinol-binding protein and retinol to prevent the filtration of this 
macromolecular complex from plasma inn the kidney (Episkopou et al., 1993).  

Tannour-Louet et al. proved that the expression of the Cre recombinase under the transthyretin 
promoter is specifically directed to the liver (Tannour-Louet et al., 2002). This model, which express 
the MerCreMer recombinase (Fig. 4), will be used to carry out our project.  

 

   
TTR MerCreMer 

Figure 4. Scheme of the expression of the Cre recombinase 
under the hepatocyte specific TTR promoter.  
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2. Objectives. 
With this information, our aim consists on checking out whether a mouse model can express the 
cyclooxygenase-2 enzyme spatial-temporally induced in hepatocytes type. This model would allow the 
COX-2 enzyme to be expressed after inducing a hepatic pathology, as it occurs in normal 
physiopathology. In order to achieve that, we propose the next sub-objectives:  

o To make the correct crosses to obtain animals that present in their genome our construction 
for hCOX-2 (Fig. 3) and the recombinase Cre (Fig. 4) expressed under a promoter that directs 
the expression to hepatocytes (Fig. 5). 

o To confirm that there isn’t recombination before the tamoxifen-induced activity of the Cre 
recombinase.  

o To stablish the ideal tamoxifen dose to get a correct expression of the transgene. 
o To check out that COX-2 expressed is functional and maintains its prostaglandin synthase 

activity.  
o To confirm that there is an increase of the PGE2 in those animals where COX-2 is expressed and 

proving that this rise is due to the COX-2 activity.  

To check out the functionality and the utility of our model we propose the experimental workflow 
exposed in Figure 6.  

 

 

 

 
Figure 4. Scheme of the mice mating conducted during the project. The parental genotype and the selected genotype 
to carry out the experimental analysis are shown.  
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Figure 6. Schematically protocol of the characterization of the mice model. In the image it’s shown the 
administration of tamoxifen (blue sticks) and the administration of the DFU (red sticks).  
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3. Materials and methods.  
 

3.1. Animals.  
To generate mice able to express inducible human COX-2 , CRISPR/Cas9 technology was used to insert 
the construction shown in figure 2 in the Rosa26 locus within C57BL/6JRccHsd background (Chu et al. 
2016). For generation of hepatocyte-specific hCOX-2 knock-in mice, these animals were intercrossed 
with C57BL/6 mice expressing the Cre-ERT2 recombinase in hepatocytes under the albumin promoter 
(Albtm1(cre/ERT2) Mtz mice) or C57BL/6 mice expressing the MerCreMer recombinase under the 
hepatocyte-specific transthyretin promoter (Tg(Ttr-cre/Esr1*)1Vco). Mouse expressing the Cre 
recombinase under the albuminn was kindly provided by Dr. Pierre Chambon (Diaz-Castroverde et al. 
2016). Mouse expressing the Cre recombinase under the TTR promoter was kindly provided by Dr. 
Christine Perret (Anson et al. 2012). The mouse model from Dr. Perret also got the BAF gene loxP-
flanked, thus there were necessary more mouse crosses to remove the BAF gene loxP-flanked.  

DNA extraction was carried out incubating the tissue (liver or tail) with proteinase K in a lysis buffer 
(Tris 100 mM pH 8.5, EDTA 5 mM pH 8.0, SDS 10%, NaCl 0,2M and K proteinase (100 µg/mL)) overnight 
at 55°C, then the DNA was precipitated with one volume of isopropanol and washed with 70% ethanol.  

For genotyping, PCR analysis were carried out using the specific primers shown in Table 2 with a GoTaq 
G2 Flexi (Promega) and a Green Buffer. Concentrations for PCR technique were 200 nM for primers, 
1.5 mM for Mg 2+, 200 µM for dNTPs and one unity of GoTaq polymerase. PCR conditions were 1 cycle 
at 95°C for 2 minutes, followed by 35 cycles of 95°C for 20 seconds, hybridization and elongation 
temperature and time were adjusted depending on the primers employed and the PCR product.  All 
animal experimentation was controlled following the recommendations of the Federation of European 
Laboratory Animal Science Associations (FELASA) on health monitoring, and use of animals in 
experimental procedures was approved by the Institutional Care Instructions (Bioethical Commission 
from Spanish National Research Council, Spain). 

 

3.2. Tamoxifen administration.  
Tamoxifen was dissolved in corn oil in order to obtain a 10 mg/mL tamoxifen solution. This solution 
was aliquoted and stored at -20°C. From six to eight weeks old mice were injected intraperitonially 
with 1mg of tamoxifen during five consecutive days or 1.5mg of tamoxifen during three consecutive 
days.  

 

 

 

 

 



 

  - 14 - 

 

Gene Sequence (5’à3’)  PCR Product 

Cox-2 (F)  CAGAGTTGGAAGCACTCTATGG  

 
Cox-2 (R)  CTGTTTTAATGAGCTCTGGATC 

Cre (F)  GGCGCGGCAACACCATTTTT  

 Cre (R)   GCGGTCTGGCAGTAAAAACTATC 

CAG (F)  TATGGTAATCGTGCGAGAGG Recombined= 681 pb 

Not Recombined= 1810 pb CAG (R)  AATCCTGTCCGGGTACAATCG 

BAF (F)  GTAATGGGAAAGCGACTACTGGAG Floxed= 280 pb 

WT = 200 pb BAF (R)  TGTGGCAAATAGATGTGTGGCCT 

 
 

3.3. DFU administration.  

5,5-dimethyl-3-(3-fluorophenyl)-4-(4-methylsulphonyl) phenyl-2(5H)-furanone (DFU) (kindly provided 
by Merck), a selective COX-2 inhibitor, was dissolved in dimethyl sulphoxide (DMSO) 60% (v/v) in 
physiological saline solution and stored at 4°C. This stock solution was diluted 1:10 in physiological 
saline solution before mice injections. Mice were injected intraperitoneally at 5mg/kg dose ten days 
after tamoxifen treatment ending during three consecutive days and forty-five minutes before 
sacrifice, being injected four times with DFU.  

 

3.4. Determination of metabolites.  
Prostaglandin E2 (PGE2) levels were determined in liver tissue samples by specific immunoassay kit 
(K051-H1 Arbor Assays, Ann Arbor, MI, USA) following the manufacturer’s instructions. This assay is 
based in competitive union with a monoclonal antibody. Aspartate amino-transferase (AST) and 
alanine amino-transferase (ALT) levels were assayed spectrophotometrically in plasma. To measure 
the levels of these enzymes the Biosystems kit (the catalytic concentration is determined using the 
coupled reaction of a transferase and a dehydrogenase) was used following the manufacturer’s 
procedure. Plasma was obtained by centrifuging the blood at 13.200 rpm for ten minutes. To avoid 
blood coagulation, blood samples were treated with heparin 5% (p/v) in PBS.  

 

 

 

306 pb 

500 pb 

Table 2. Primer sequences used to genotype mice.  
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3.5. Protein analysis: protein levels and western blotting.  

Hepatic tissue samples (~100 mg) were homogenized with an Ultra-Turrax T25 in 1mL of a lysis buffer 
containing NaCl 150mM, Nonidet P-40 1% (v/v), Tris 50mM pH 8.0, PMSF 0.1 mM and cOmplete Tablet, 
Mini EDTA-free (Roche). These extracts were vortexed and mixed for 1 hour at 4°C and centrifuged for 
20 min at 12.000 rpm (4°C), and then the proteins at the supernatant were quantified. Protein levels 
were measured using the Bradford reagent (Bio-Rad). For western blot analyses, equal amounts of 
protein (~50µg) were loaded onto an 8% sodium dodecyl sulphate (SDS) polyacrylamide gel 
electrophoresis. Proteins were transferred to a polyvinylidene difluoride (PVDF) membrane.  The 
membrane was blocked with TBSA (Tween-20 0.1% (v/v)) (skim milk 5% p/v). The primary antibodies 
used were mouse anti-hCOX-2 1:1000 (160112, Cayman Chemicals) and anti-Actin 1:200 (A2066, Sigma 
Aldrich). Incubations were performed overnight at 4°C. The secondary antibodies used were goat anti-
mouse IgG-HRP 1:10000 (sc-2005, Santa Cruz Biotechnology) and goat anti-rabbit IgG-HRP 1:4000 
(10004301, Cayman Chemicals) for 45 minutes at room temperature (RT). All antibodies were diluted 
in blocking solution. After the incubation with the corresponding secondary antibody, blots were 
developed with the ECL protocol (Thermo Scientific).  

 

3.6. Immunofluorescence (IF).  

Left liver lobes were fixed with paraformaldehyde 4% (pH 7.0) overnight at RT and then incubated with 
different sucrose concentrations, 1 hour in sucrose 10% in PBS at RT, 1 hour in sucrose 20% at RT and 
overnight in sucrose 30% at 4°C. Tissue samples were embedded in O.C.T (frozen by immersion on 
isopentane inside a nitrogen liquid bath) and stored at -80°C until they were used. Tissue sections were 
cut 10µm thick using a cryostat over slides (J1800AMNZ, ThermoFisher) and then permeabilised with 
triton X-100 0.2% (v/v) in PBS and blocked with bovine serum albumin (BSA) 1% (p/v), normal horse 
serum 10% (v/v) and Triton X-100 0.1% (v/v) in PBS. Sections were incubated with rabbit anti-COX-2 
1:100 (160106, Cayman Chemicals) or goat anti-CLECFF4 1:100 (AF2784, R&D Systems), overnight at 
4°C. Secondary antibodies used were donkey anti-rabbit IgG conjugated with Alexa Fluor 488 1:1000 
(A21206, Molecular Probes) and donkey anti-goat conjugated with TexasRed 1:200 (705-075-003, 
Jackson ImmunoResearch Laboratories). Cellular nucleus were stained with Hoechst 33342 (H3570, 
ThermoFisher). Antibody dilutions were made in blocking solution. Images were taken with TCS SP8 
system by Leica.  

 

 

Supplementary information about materials can be found in appendix 1.  
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4. Results and discussion.  

 
4.1. Basal activity of the hepatic Cre recombinase.  
To check if the specific expression of hCOX-2 in hepatocytes was achievable, we had to verify that there 
isn’t expression of the transgene before the induction of the Cre recombinase activity. Previous work 
in our group showed that those animals who express the CreERT2 recombinase under the Alb promoter 
showed expression of the hCOX-2 transgene even in the absence of tamoxifen. These results were 
obtained by a PCR analysis to check if a recombination of the transgene occurred, and by western 
blotting (data not shown).   

This may be due to the fact that the Alb promoter is a strong promoter and there is much expression 
of the Cre recombinase so that escapes from the HSP90 protein kidnapping even when there is no 
tamoxifen administration, being translocated into the nucleus and carrying out the recombinase 
activity. This means that we cannot achieve an inducible expression of the transgene when the Cre 
protein is expressed under the albumin promoter. This phenomenon was previously reported, Mataki 
et al.  proved that even in the presence of tamoxifen vehicle the CRE-ERT2 was detectable activated 
under the control of ALB promoter causing an 80% loose of expression of the floxed gene they wanted 
to delete  (Mataki et al. 2007). 

Due to these results, we had to search for a specific promoter that leads the expression of the Cre 
recombinase specifically in hepatocytes without having leakage issues. Making a bibliographic 
research, looking for another hepatocyte specific gene, our group decided to use the transthyretin 
(TTR) promoter.  

To start the experimental procedure with this model, mice provided by Dr. Perret were crossed with 
mice which had in its genome the transgene showed in Figure 3. Firstly, four mice Cre-/- and two mice 
Cre+/- without the tamoxifen administration were sacrificed. These mice did not express hCOX-2 
enzyme (Fig. 7A) and no Cre recombinase activity was detected (Fig. 7B). 

These data prove that when the Cre is expressed under the TTR promoter is inactive before the 
administration of tamoxifen and the transgene cannot be expressed.  No data confirming the activity 
of MerCreMer expressed under the TTR promoter in absence of ligand was found.  
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4.2. Induction of Cre recombinase activity.  
The next step was to test if the tamoxifen was able to induce the expression of the transgene. In order 
to optimize the administration of the activator, groups of three mice were injected with different 
concentrations of tamoxifen. The first group was injected five times with 1 mg of tamoxifen and the 
other group was injected three times with 1.5 mg of tamoxifen. The total amount of tamoxifen injected 
was 5 mg and 4.5 mg, respectively.  

In Fig. 8B a major expression of the hCOX-2 was shown in the mice injected five times whereas the 
second group also showed the expression of the transgene but in a lesser degree (Fig. 8A). This data 
correlates with the same one shown in the PCR analysis (Fig. 8C). Although the PCR is not a quantitative 
technique, those samples who showed a major expression of hCOX-2 have a major intensity in the 
sequence of DNA 681 bp long than those who had a lower expression of the transgene.  

The 5*1 mg dose of tamoxifen is widely used to induce the recombination activity in the liver. This dose 
was the employed by Sepulveda et al. (Sepulveda et al. 2018). Otherwise, different doses of tamoxifen 
have been employed. Burnol et al., to generate knock-out mice used three injections of 1.5mg (Burnol 
et al. 2015). The different optimal dose of tamoxifen employed for each group might differ in order to 

Figure 7. Cre recombinase activity or COX-2 expression were not detected. (A) TTR-CRE-/- animals TTR-CRE+/- 
without induction with tamoxifen did not express hCOX-2 (74 kDa) as shown in the western blotting image. 
(Actin (42 kDa) was used as load control. (B)The sequence amplified by PCR using CAG primers were 1810 
bp long, which corresponds to the transgene before the recombination occurs. In the positive control, the 
lower band (681bp) corresponds to a recombination event. Positive control is a mouse expressing the Cre 
recombinase under the Alb promoter. Negative control is a Cre-/- mouse.  DNA was obtained from hepatic 
tissue. Samples used in PCR and western blotting belong to same animals.  
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achieve a knock-in or a knock-out mouse model.  

 

 
 

 

 

 

4.3. Global analysis of the transgene expression.  
The mice provided by Dr. Perret presented in its genome the floxed BAF gene as previously cited. Once 
segregated by mating mice and after testing the optimal dose of tamoxifen, a global study of the 
transgenic hCOX-2 was carried out. To analyse the expression, six mice were injected with tamoxifen 
(five doses of one milligram (5*1mg)) and two mice Cre+/- were used as control. Two out of six 
tamoxifen-injected mouse were also treated with DFU to inhibit the COX-2 catalytical activity. In the 
six treated mice the recombination occurred (Fig. 9C) and all of them showed expression of hCOX-2 by 
western blotting (Fig. 9A). One of the mice treated with tamoxifen did not express the transgenic 
protein and recombination activity was not detected. Jahn et al. reported that the response to 
tamoxifen may vary among mice due to physiological or epigenetic variations (Jahn et al. 2018). 

To check if the expressed protein was enzymatically active, an assay to measure the PGE2 levels in 
hepatic tissue was carried out. Cre+/- oil-injected mice, tamoxifen vehicle, showed a low level of PGE2, 
similar as the level shown by Cre-/- tamoxifen injected mice, but higher than the level shown by mice 
treated with the COX-2 inhibitor. Mice just treated with tamoxifen showed a higher level of PGE2, which 
demonstrates that the hCOX-2 expressed from the transgene is active. Furthermore, mice treated with 
COX-2 inhibitor show low levels of PGE2, which confirms the enzymatical activity of the protein (Fig. 
10).  

This increase in Cre-/- tamoxifen injected and in Cre+/- oil-injected mice might be due to the expression 
of the endogenous murine COX-2. This variable couldn’t be tested by western blotting because the 

Figure 8. Tamoxifen administration induces hCOX-2 expression. (B) Western blotting. Tamoxifen-induced 
expression of hCOX-2 is confirmed. Actin (42 kDa) was used as load control. (B) Densitometric analysis of the 
hCOX-2 expression. The graphic values represent the ratio between COX-2 and actin. (C)The sequences 
amplified by PCR using CAG primers were 1810 bp, that corresponds to the transgene before the 
recombination, and 681 bp long, that corresponds to the transgene after the recombination. Positive control 
is a mouse expressing the Cre recombinase under the Alb promoter. Negative control is a Cre-/- mouse. DNA 
was obtained from hepatic tissue. Samples used in PCR and western blotting belong to same animals.  
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antibody used was monoclonal and discriminated between and human and murine COX-2.  

To check if any of the ligand or its vehicles could cause a hepatic damage, liver injury markers were 
measured. These markers transaminases, alanine transaminase (ALT) and aspartate transaminase 
(AST). There were no significant differences in the levels of transaminases between the different groups 
(Table 3). These results can be considered negative for hepatic injury, previous results in our group 
showed much higher levels of transaminases in non-alcoholic steatohepatitis and in hepatic 
carcinogenesis, severe hepatic diseases (Izquierdo et al. 2011; Motiño et al. 2016).  

Furthermore, histological analyses were carried out in order to check whether a major infiltration of 
hepatic macrophages had occurred in those animals who had been administrated with an exogenous 
compound. Although treated animals presented a major percentage of Kupffer cells in hepatic tissue 
the different was not significant (Fig. 12). Toxicity of tamoxifen has been reported in mice with chronic 
treatment of tamoxifen (Conti et al. 2014). In addition, with these immunofluorescences analyses the 
presence of COX-2 in tamoxifen-treated Cre+/- mice and the absence in Cre-/- tamoxifen-injected and in 
Cre+/- was confirmed (Fig. 11).  

 
Group  ALT (U/L) AST (U/L) 

Cre-/- (Tx) 2.44 ± 1.50 62.08 ± 34.91 
Cre +/- (Oil) 7.17 ± 0.71 58.99 ± 3.27 
Cre +/- (Tx)  14.74 ± 0.69 50.00 ± 4.71 

Cre +/- (Tx + DFU) 28.75 ± 1.18 26.72 ± 7.99 

 

 
 

Figure 9. Induction of recombination activity and hCOX-2 expression. (A) Western blotting. Tamoxifen-induced 
expression of hCOX-2 is confirmed. Actin (42 kDa) was used as control. (D) Densitometric analysis of the hCOX-
2 expression. The graphic values represent the ratio between COX-2 and actin. (C)The sequences amplified by 
PCR using CAG primers were 1810 bp and 681 bp long, not recombined or recombined transgene sequence, 
respectively. Positive control is a mouse expressing the Cre recombinase under the Alb promoter. Negative 
control is a Cre-/- mouse. DNA was obtained from hepatic tissue. Samples used in PCR and western blotting 
belong to same animals.  
 

Table 3. Plasma levels of liver injury markers.  
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Figure 10. Measurement of hCOX-2 catalytic activity. Levels of PGE2 were measured by immunoassay. The mice 
used presented different genotype for Cre and in parentheses is shown the treatment received by each group 
of mice. For each treatment group n=2. 
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Figure 11. Histological analysis of the different 
groups of mice. Macrophages were labelled with 
anti-CLEC4F antibody and a secondary antibody 
linked to Texas Red fluorochrome (red). hCOX-2 
was labelled with anti-COX-2 antibody and a 
secondary antibody coupled to Alexa 488 
fluorochrome (green). Cellular nucleus were 
labelled with Hoechst 88325 (blue). 
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 Figure 12. Percentage of infiltrated Kupffer cells in hepatic tissue. Macrophages and 
total cells were count and the ratio macrophages/total cells was calculated. For each 
group n=1 and four vision fields were counted in each sample.  
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5. Conclusions.  
With all these data the following conclusions can be drawn:  

1. The mice model cannot be used when the Cre recombinase is expressed under the ALB 
promoter because the pathophysiology expression of COX-2 would appear before the hepatic 
injury induction.  

2. Under the control of the TTR promoter, the inducible Cre recombinase needs the administration 
of tamoxifen to accomplish its activity.  

3. Five injections of 1mg is better than three injections of 1.5mg to induce the Cre activity.  
4. The hCOX-2 is expressed and presents enzymatical activity.  

The next step in the project should be confirming either the toxicity of oil and tamoxifen or not. If the 
toxic effect of the ligand or the vehicle is confirmed, the mouse model could not be used to carry out 
pathological analysis about the role of COX-2 in pathophysiological hepatic processes in these 
conditions. Study of infiltrated macrophages during time, studies of more liver injury markers, like 
lactate dehydrogenase (LDH) and studies of the expression of endogenous murine COX-2 should been 
carried out.  

All new studies must be carried out with a bigger n in order to stablish significant differences or not.  
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Appendix 1.  

 

Product Reference Number Company
Aqua Poly/Mount 18606 PolySciences, Inc

Bovine Serum Albumin A3059 Sigma Aldrich 
Corn oil C8267 Sigma Aldrich 

DFU Merkx
DMSO D2438 Sigma Aldrich 

Donkey anti-goat IgG-TexasRed 705-075-003 Jackson InmunoResearch Laboratories
Donkey anti-rabbit IgG-Alexa Fluor 488 A21206 Molecular Probes 

Goat anti-CLEC4F AF2784 R&D Systems
Goat anti-mouse IgG-HRP sc-2005 Santa Cruz Biotechnology
Goat anti-rabbit IgG-HRP 10004301 Cayman Chemicals 

Heparin H3393-250KU Sigma Aldrich 
Hoechst 33342 H3570 ThermoFisher

Mouse anti-hCOX-2 monoclonal antibody 160112 Cayman Chemicals 
Nonidet P-40 Not found Gnosis

O.C.T. 4583 Tissue tek 
PMSF 837091 Roche

Rabbit anti-actin polyclonal antibody A2066 Sigma Aldrich 
Rabbit anti-COX-2 polyclonal antibody 160106 Cayman Chemicals 

Skim milk 232100 BD
Sodium chloride (NaCl) SO02251000 Scharlab S.L. 

Sucrose  Scharlab S.L. 
Tamoxifen T5648 Sigma Aldrich 

Triton X-100 TR04441000 Scharlab S.L. 
Tween-20 BP 37-100 Fisher BioReagents


