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Abstract. The EGFR is a protein that belongs to the ErbB 
family of tyrosine kinase receptors. The EGFR is often over‑
expressed in human carcinomas. Amplification of the EGFR 
gene and mutations in the EGFR tyrosine kinase domain occur 
in patients with cancer. In cervical cancer, the expression level 
of the EGFR protein appears to directly associate with human 
papillomavirus infection. Our previous research demonstrated 
that in the cervical cancer cell lines, CALO and INBL, the 
EGFR is non‑phosphorylated. The aim of the current study 
was to analyze the catalytic activity of the isolated EGFR and 
the presence of mutations in the control region αC. Catalytic 
activity was assessed by a universal in vitro kinase assay using 
polyGluTyr as a substrate, and the proteins were visualized by 
western blotting. For mutation analysis, DNA from CALO and 
INBL cell lines was isolated, and PCR was used to amplify the 
exons corresponding to the helix αC in the EGFR. The PCR 
products were visualized by agarose gel electrophoresis. The 
bands were isolated using a Zymoclean Gel DNA Recovery kit 
and directly sequenced. The EGFR, which was isolated and 
analyzed using the in vitro kinase assay, had catalytic activity. 
The receptor contained some mutations in the helix αC of 
the catalytic domain in both cell lines. The observed changes 
in the amino acid sequence may induce a different spatial 
arrangement and, therefore, a different conformation, which 
may confer different activities to this receptor. Thus, it was 
concluded that non‑phosphorylated EGFR has catalytic 

activity, and it bears some amino acid changes in the helix αC 
of the catalytic domain in the CALO and INBL cells. These 
results suggest that the EGFR may function as an activator of 
other ErbB family receptors in these cervical cancer cells.

Introduction

Cervical carcinoma is one of the most common malignancies 
in women from Mexico, representing the second most common 
female neoplasm, in 2020 the incidence rate was 6.5% and the 
mortality rate was 7.7% (1). Epidemiological and molecular 
data indicate that persistent infection with high‑risk human 
papillomavirus (HPV) is a risk factor for cervical cancer devel‑
opment and has been associated with other pathologies, such 
as head and neck, and anal cancers (2,3). HPV DNA is present 
in virtually all cervical cancer and precursor lesions (4). The 
expression of the EGFR protein has been associated with 
HPV infection, as evidenced by its increasing expression 
level as the grade of intraepithelial neoplasia increases (5). 
The HPV16 E5 oncogene cannot transform keratinocytes by 
itself, but it increases the efficiency of cell immortalization by 
E6/E7 (6). The E5 protein inhibits the downregulation of the 
EGFR receptor in the presence of the ligand, increasing the 
steady‑state level of EGFR on the cell surface (7).

The EGFR is part of the ErbB family of tyrosine kinases 
receptors; the other members are HER2/ErbB2, HER3/ErbB3 
and HER4/ErbB4. The activation of the EGFR leads to 
autophosphorylation and this change initiates a cascade of 
downstream signaling pathways. The activity of the EGFR 
initiates an allosteric interaction between the kinase domain, 
in an asymmetric dimer, and the helix αC, which is an impor‑
tant element in kinase regulation. The conformation of the 
helix αC defines an inactive conformation that is characteristic 
of numerous kinases. In the active conformation, the helix αC 
has a conserved glutamate, which is able to form a salt bridge 
with a lysine that coordinates ATP (8‑11).

A significant change in the EGFR results from the pres‑
ence of mutations in the intracellular tyrosine kinase domain. 
These mutations are restricted to the first four (exons 18‑21) 
of the seven exons that encode the tyrosine kinase domain. 
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Previous studies have demonstrated that these small mutations 
prolong the activity of ligand‑activated receptors (12‑17). In 
addition, previous studies have also identified somatic muta‑
tions or evidence of gene amplification  (13,17); however, 
activating mutations in exons 19‑21, from the EGFR, have not 
been identified in cervical cancer (18).

Our previous research demonstrated that the EGFR was 
not phosphorylated in the CALO and INBL cervical cancer 
cell lines (19). Since the receptor was not phosphorylated we 
hypothesized that it was a dead kinase due to the presence of 
inactivating mutations. Therefore, the aim of this study was 
to analyze the catalytic activity of the isolated EGFR as well 
as the presence of mutations in the control region αC of the 
catalytic domain.

Materials and methods

Cell culture conditions. The HPV‑associated cervical cancer 
cell lines, CALO, INBL (cell lines established in the Cell 
Differentiation and Cancer Research Unit, FES Zaragoza, 
National University of Mexico, Mexico City, Mexico)  (20), 
HeLa [cat. no. American Type Culture Collection (ATCC)‑CCL‑2] 
and CasKi (cat. no. CRM‑CRL‑1550), as well as the THP1 cell 
line (cat. no. ATCC TIB‑202) (all purchased from ATCC), were 
cultured in RPMI‑1640 (Microlab Industrial) medium supple‑
mented with 10% FBS (Invitrogen; Thermo Fisher Scientific, 
Inc.). All the cell lines were incubated at 37˚C in a humidified 
incubator with 5% CO2. The cells were treated with 20 ng/ml 
EGF for 5 min.

Cell lysis. The cell lines were lysed with ice‑cold lysis buffer 
[1% Triton X‑100, 5 mM EDTA, 140 mM NaCl, 50 mM Tris 
(pH 7.4), 1 mM phenylmethylsulfonylfluroide, 1 mM NaF, 
1% aprotinin, 1 µM leupeptin, 1 µM pepstatin and 100 µM 
Na3VO4] for 15  min. The lysates were then centrifuged 
at 1,363 x g at 4˚C for 15 min and the supernatants were then 
collected.

Immunoprecipitation and immunoblotting. For immuno- 
precipitation, treated or untreated cells were lysed as aforemen‑
tioned. The total protein content of the lysates was determined 
using the Bio‑Rad protein assay (Bio‑Rad Laboratories, Inc.) 
and 150 µg protein was incubated with protein A‑agarose beads 
(Invitrogen; Thermo Fisher Scientific, Inc.) previously coupled 
with 0.3 µg anti‑EGFR (cat. no. sc‑53274) or anti‑HER2 (cat. 
no. sc‑284) antibodies (Santa Cruz Biotechnology, Inc.) for 3 h 
at 4˚C. The immunoprecipitated proteins were washed five 
times with ice‑cold lysis buffer, resolved with 10% SDS‑PAGE 
and transferred to nitrocellulose membranes (Trans‑Blot; 
Bio‑Rad Laboratories, Inc.). The membranes were blocked 
in TBS with 0.1% Tween‑20 and 3% bovine serum albumin 
(Santa Cruz Biotechnology, Inc.) overnight at 4˚C.

The membranes were analyzed using both mouse 
anti‑phosphotyrosine antibodies [pY20 (cat. no. sc‑508) and 
pY99 (cat. no. sc‑7020); Santa Cruz Biotechnology, Inc.] for 
2 h, followed by incubation for 45 min with HRP‑conjugated 
rabbit anti‑mouse antibody (cat. no. 31450; Thermo Fisher 
Scientific, Inc.) at room temperature (dilutions, 1:10,000). The 
proteins were visualized using an enhanced chemilumines‑
cence detection system (Super Signal; Pierce; Thermo Fisher 

Scientific, Inc.). To determine the presence of EGFR and 
HER2 in the same membrane, the anti‑phosphotyrosine 
antibodies were stripped. After stripping the membrane with 
0.1 M glycine (pH 2.5) and blocking with 5% bovine serum 
albumin overnight, the same membranes were incubated with 
the anti‑EGFR (1:1,000) or anti‑HER2 (1:1,000) antibodies 
(Santa Cruz Biotechnology, Inc.) for 2 h at room temperature, 
then treated as mentioned above. All figures show representa‑
tive results from at least three independent experiments.

In vitro kinase assay. For the in vitro kinase assay, a Universal 
kinase assay kit (fluorometric) (Abcam) was used, according to 
the manufacturer's instructions. Briefly, 3x106 from each cell 
line, treated or untreated, were lysed with ice‑cold lysis buffer 
[1% Triton X‑100, 5 mM EDTA, 140 mM NaCl, 50 mM Tris 
(pH 7.4), 1% aprotinin, 1 µM leupeptin, 1 µM pepstatin] for 
15 min. The lysates were centrifuged at 1,363 x g at 4˚C for 
15 min, then the supernatants were collected and the EGFR 
receptor was immunoprecipitated as aforementioned. The 
immunoprecipitated proteins were washed three times with 
ice‑cold lysis buffer, three times with ice‑cold PBS (pH 7.4), 
then three times with 50 mM Tris (pH 7.4).

To each tube, 20 µl ADP assay buffer, 20 µl ADP sensor 
buffer, 10  µl ADP sensor, 1  µM ATP and 0.03  µg poly‑
GluTyr poly amino acid (Sigma‑Aldrich; Merck KGaA), as 
the substrate, were added to a total ADP assay volume of 
50 µl/sample. For the in vitro kinase assay without substrate, the 
polyGluTyr was omitted. The reaction mixture was incubated 
at room temperature for 30 min. The fluorescence intensity 
was measured at excitation/emission, 540/590 nm in black 
plates in a Fluoroskan Ascent Fluorometer (Thermo Fisher 
Scientific, Inc.).

Finally, the HeLa cell line was used as a control for cata‑
lytic activity of EGFR and the myelomonocytic THP1 cell line 
was used as a negative control.

DNA extraction and sequencing. For DNA extraction, 
DNAzol (Invitrogen; Thermo Fisher Scientific, Inc.) was 
used, according to the manufacturer's specifications. Briefly, 
3x106 from each cell line was lysed with 0.75 ml DNAzol, then 
the lysates were centrifuged (10,000 x g at 4˚C for 10 min) and 
the supernatant was transferred to a new tube. Subsequently, 
the DNA was precipitated following the addition of 0.5 ml 
100% ethanol. The samples were centrifuged at 4,000 x g 
at 4˚C for 2 min, then the supernatant was discarded. The 
obtained DNA was washed twice with 70% ethanol, air‑dried 
for 20 sec, then dissolved in DNase free water.

The obtained DNA was amplified using PCR. DreamTaq 
DNA polymerase (cat. no. EP0702; Thermo Fisher Scientific, 
Inc.) was used and the following primers were used: αC helix 
forward, 5'‑CGT​AAA​CGT​CCC​TGT​GCT​AGG‑3' and reverse, 
5'‑CCT​TAT​CTC​CCC​TCC​CCG​TAT‑3'; and GAPDH forward, 
5'‑GGG​ACG​CTT​TCT​TTC​CTT​TCG​C‑3' and reverse, 
5'‑GTC​GGG​TCA​ACG​CTA​GGC​TG‑3' (Applied Biosystems; 
Thermo  Fisher Scientific, Inc.). GAPDH was used as the 
internal control. The following thermocycling conditions were 
used: Initial denaturation at 95˚C for 5 min; 58˚C for 1 min; 
72˚C for 1 min and 95˚C for 1 min for 30 cycles. The product 
was visualized using agarose gel (1.5%) electrophoresis and 
the DigiDoc‑It transilluminator (Analytik Jena GmbH). The 
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bands corresponding to the expected products were excised 
and purified with a Zymoclean Gel DNA Recovery kit (Zymo 
Research Corp.) and sent for sequencing using the Sanger 
method to the Faculty of Higher Studies (Facultad de Estudios 
Superiores) Iztacala facilities at National University of Mexico 
(Mexico City, Mexico) (ABI Prism 7500; Applied Biosystems; 
Thermo Fisher Scientific, Inc.).

Modelling of amino acid sequence. The putative amino acid 
sequences for EGFR in CALO and INBL cells, obtained from 
Basic Local Alignment Search Tool (BLASTx) for proteins 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx&PAGE_
TYPE=BlastSearch&LINK_LOC=blasthome), were modeled 
using SWISS‑MODEL Homology Modeling (https://swiss‑
model.expasy.org/interactive). SWISS‑MODEL is a fully 
automated protein structure homology‑modelling server. The 
SWISS‑MODEL Workspace is a web‑based working environ‑
ment, where several modelling projects can be carried out. 
Protein sequence and structure databases necessary for model‑
ling are accessible from the workspace and are updated in 
regular intervals. Tools for template selection, model building 
and structure quality evaluation can be invoked from within 
the workspace directly or via the web page menu. Building 
a homology model comprises four steps: i) Identification of 
structural template(s); ii) alignment of target sequence and 
template structure(s); iii) model‑building; and iv)  model 
quality evaluation (21‑23).

Statistical analysis. All the data were obtained from three 
independent experiments for statistical analysis. The data 
are presented as the mean ± standard error of the mean. An 
unpaired Student's t‑test (two‑tailed) for parametric data 
was used to compare treatment groups using the GraphPad 
Prism v8.0.1 statistical package (GraphPad Software, Inc.). 
P‑values and 95% confidence intervals were calculated. P<0.05 
was considered to indicate a statistically significant difference.

Results

Presence of the EGFR in the cervical cancer cell lines. Our 
previous research demonstrated that the cervical cancer cell 
lines, CALO and INBL expressed the EGFR; however, this 
molecule was not phosphorylated (19). The CALO, INBL, 
HeLa and CasKi cell lines were lysed to determine the presence 
of the EGFR in the cervical cancer cells, and the proteins were 
immunoprecipitated with protein‑A agarose beads coupled 
with an anti‑EGFR antibody, resolved using SDS‑PAGE and 
transferred to nitrocellulose membranes. The results showed 
that the EGFR was present in all the cell lines; however, it was 
not phosphorylated in the CALO and INBL cell lines (Fig. 1).

EGFR is present in the CALO and INBL cervical cancer cell 
lines, but does not co‑precipitate with HER2. As HER2 was 
also found to be present in the CALO and INBL cell lines (19), 
the ability of the EGFR to interact with HER2 was analyzed 
using a co‑precipitation assay. The results showed that HER2 
does not co‑precipitate with the EGFR or vice‑versa (Fig. 2).

Non‑phosphorylated EGFR is present in the CALO and INBL 
cell lines and is catalytically active. Our previous research 

demonstrated that the EGFR was not phosphorylated in the 
CALO and INBL cell lines (19), thus to determine the catalytic 
activity of the EGFR, the CALO, INBL, HeLa, CasKi and 
THP1 cell lines were stimulated with EGF. After 5 min, the 
cells were lysed, and the proteins were immunoprecipitated 
with protein A‑agarose beads coupled with an anti‑EGFR 
antibody, then the catalytic activity was determined using a 
Universal kinase assay kit.

Surprisingly, it was found that the EGFR receptor isolated 
from the CALO and INBL cell lines showed high catalytic 
activity (Fig. 3A). The EGFR, present in the CALO cell line, 
had similar catalytic activity to the receptor in the HeLa cell 
line; however, the INBL cell line had a reduced EGFR cata‑
lytic activity. The EGFR present in the CasKi cell line had 
the same catalytic activity with or without EGF treatment. 
The myelomonocytic THP1 cell line was used as a negative 
control; however, the receptor was present in this cell line, and 
a slight increase in the activity of EGFR was observed when 
treated with EGF (Fig. 3A).

To analyze the autophosphorylation activity of the receptor 
an in  vitro kinase assay without substrate was designed 
(Fig. 3B). The catalytic activity of the EGFR in all the cell lines 
was lower than the activity observed in the presence of the 
substrate. The EGFR showed similar catalytic activity in the 
CALO, HeLa and CasKi cell lines; however, the basal activity 
of the EGFR in the CALO cell line was higher compared 
with the HeLa cell line. When the cells were stimulated with 
EGF, the catalytic activity of the receptor in the CALO and 
HeLa cell lines increased at the same level; however, in the 

Figure 1. EGFR is present in different cervical cancer cell lines. A total of 
3x106 cells were lysed and the receptor was immunoprecipitated using an 
anti‑EGFR antibody. Western blot analysis was then performed using anti‑pY 
antibodies and the membranes were stripped and re‑probed for EGFR. pY, 
phosphotyrosine.

Figure 2. EGFR does not co‑precipitate with HER2 in the CALO and INBL 
cervical cancer cell lines. A total of 6x106 cells were lysed and EGFR was 
immunoprecipitated using an anti‑EGFR antibody. Western blot analysis 
was then performed using an anti‑HER2 antibody, and the membranes were 
stripped and re‑probed for EGFR. Ipp, immunoprecipitated.
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CasKi cell line, the receptor showed an increase in catalytic 
activity  (75%) compared with that in the HeLa cell line 
(Fig. 3B). In the assay without substrate, only THP1 cell line 
did not have an increase in the catalytic activity of the EGFR 
protein with or without EGF treatment.

The immunoprecipitated EGFR, used to determine 
the enzymatic activity without a substrate, was separated 
using SDS‑PAGE to analyze its autophosphorylation ability 
(Fig.  4). The results showed the presence of the phos‑
phorylated receptor in all the cell lines (Fig. 4, upper panel), 
indicating that the isolated EGFR had catalytic activity 
and it could phosphorylate its tyrosine residues. After the 
membrane was stripped, it was re‑probed with anti‑EGFR 
antibodies, which confirmed the presence of EGFR (Fig. 4, 
bottom panel).

Sequence determination of the αC domain in the EGFR 
isolated from the CALO and INBL cell lines. Our previous 

research demonstrated that the EGFR was not phosphorylated 
in the CALO and INBL cell lines (19), and a possible explana‑
tion for the lack of tyrosine phosphorylation of the EGFR in 
the CALO and INBL cell lines is the presence of mutations. 
Therefore, possible mutations in the catalytic domain of the 
receptor were investigated. DNA from the CALO and INBL 
cell lines was isolated and PCR was used to amplify the exons 
corresponding to the αC helix in the EGFR. The PCR products 
were visualized using agarose gel electrophoresis (Fig. 5). The 
pattern of expression of the αC helix (390 bp) was different in 
both cell lines (Fig. 5).

The bands were then isolated using a Zymoclean Gel DNA 
Recovery kit and sequenced using an ABI Prism sequencer. The 
analysis of the obtained DNA sequences were then compared 
to the normal EGFR sequence reported and is shown in Fig. 6. 
The obtained sequence for the EGFR present in the CALO cell 
line is shown in Fig. 6A. The presence of multiple deletions 
(positions 19, 20, 40, 78 and 79), one insertion (position 126), 
transversions (124, 157, 214 and 224) and transitions (215, 227, 
228 and 254) was detected. Using the BLASTx program, the 
DNA sequence was translated into the putative amino acid 
sequence. The putative amino acid sequence of the EGFR 
present in the CALO cell line showed multiple differences as 
compared with that in the normal EGFR amino acid sequence. 
For example, deletions of amino acids (positions 3, 18, 19, 
21‑25 and 47‑49), conservative changes (positions 4‑6, 11, 16, 
31, 33, 36, 44 and 46) and non‑conservative changes (positions 
2, 8, 10, 12‑14, 17, 27‑29, 32, 34, 35, 38, 39, 41, 42, 45, 51, 58, 
77, 82, 93 and 94) (Fig. 6A‑a).

With respect to the INBL cervical cancer cell line (Fig. 6B), 
the DNA sequence of the EGFR showed only three changes, 
such as a deletion (position 10), a transversion (position 64) 

Figure 3. EGFR is present in the CALO and INBL cell lines and has catalytic 
active. A total of 3x106 cells, treated or untreated with EGF, were lysed and 
the receptor was immunoprecipitated. The isolated EGFR was analyzed 
using an in vitro kinase assay (fluorometric) (A) with or (B) without substrate. 
The results are presented as the mean  ±  SEM from three independent 
experiments. *P<0.05.

Figure 4. Tyrosine phosphorylation analysis of the EGFR present in the 
cervical cancer cell lines. The EGFR coupled to agarose beads, used to deter‑
mine the kinase activity in the absence of the substrate, was separated using 
10% SDS‑PAGE, then incubated with an anti‑phosphotyrosine antibody to 
determine the presence of pEGFR (upper). The membrane was stripped and 
re‑probed for EGFR (bottom). ‑, Non‑treated cells; +, treated cells with EGF; 
ipp, immunoprecipitated; pY, phosphotyrosine.

Figure 5. Determination of the αC domain from the EGFR in the CALO and 
INBL cell lines. The DNA was extracted using DNAzol, then amplified using 
PCR. The product was visualized using 1.5% agarose gel electrophoresis. 
Arrows indicate the size of the PCR product.
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and a transition (position 72). The translation of the DNA 
sequence into the putative amino acid sequence, using the 
BLASTx program, is shown in Fig. 6B‑a. The comparison 
with the EGFR reference sequence indicated some differ‑
ences: Non‑conservative (positions 17, 34, 36, 37 and 38) and 
conservative differences (positions 20, and 36).

The DNA sequences were processed by BLASTx and the 
putative amino acid sequences were obtained. The results 
showed that in the CALO cervical cancer cell line the conserved 
glutamic acid residue at position 738 in the normal EGFR was 
replaced by asparagine, and in the INBL cell line, the glutamic 
acid residue was replaced by valine. Other residues found in 
the reference sequence of the helix αC in the normal EGFR 
were also different in the EGFR present in the cervical cancer 
cell lines. In the CALO cell line, a sequence of amino acids 

contained multiples changes. The most significant was the lack 
of the KEILDEAY motif in the CALO cell line. The sequence, 
AIVDNPHV, lacked tyrosine and other necessary residues 
(only conserved D) to form the interphase between the dimers. 
The INBL cell line contained the sequence, KEILDVSF, which 
is similar to the reference EGFR sequence; however, it included 
three different amino acids. Both cell lines contained the loss 
of the phosphorylated tyrosine present in the KEILDEAY 
motif (Fig. 7A and B). These putative amino acid sequences 
were modelled using the SWISS‑MODEL Workspace and 
the 3D structure showed differences in the amino acid spatial 
arrangement, for example, in the CALO cell line, the β‑sheet 
was shorter and the torsion was slightly lower; in the INBL 
cell line the most evident change was the torsion, which was 
bigger (Fig. 7A and B).

Figure 6. EGFR gene sequence. The EGFR sequence was identified from (A) CALO and (B) INBL cervical cancer cell lines using DNA sequencing. The 
sequence of the EGFR obtained from the CALO and INBL cervical cancer cell lines was compared with the EGFR reference sequence, RefSeqGene 
(LRG_304) on chromosome 7 (NG_007726.3). Mutation points are shown in yellow. The sequences obtained from the (A‑a) CALO and (B‑a) INBL cell lines 
were analyzed using BLASTx to obtain the putative amino acid sequences. Mutation points are shown in light blue.

Figure 7. Model of the putative amino acid sequence for the helix αC domain from the EGFR present in the cervical cancer cells. Normal sequence is shown 
in light blue. The sequences obtained using BLASTx were modeled for the (A) CALO (green) and (B) INBL (yellow) cell lines.
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Discussion

The understanding of cancer biology has led to the identifi‑
cation of numerous receptors with tyrosine kinase activity 
(RTK)  (12,24) involved in malignant transformation. The 
EGFR is the most common RTK that is mutated and overex‑
pressed in epithelial cancers (25‑28). Our previous research 
showed that the EGFR was present in the CALO and INBL 
cervical cancer cell lines, but was not phosphorylated (19); 
therefore, we hypothesized that it was a dead kinase. To 
investigate the hypothesis, the present study was performed to 
determine if it had null catalytic activity due to a mutation in 
the catalytic domain. The amplification of the EGFR gene is 
common in cancer and mutations in the EGFR tyrosine kinase 
domain have been demonstrated to occur in cervical cancer; 
these mutations are mainly somatic (13‑17). The present study 
provides evidence for in vitro catalytic activity of this molecule, 
despite the presence of some mutations in the catalytic domain 
in both cell lines. In addition, it was found that the immu‑
noprecipitated EGFR, from the activated CALO and INBL 
cell lines was not phosphorylated compared with that in the 
HeLa and CasKi cell lines (Fig. 1). This is unusual as typically 
this receptor is hyperphosphorylated. Our previous research 
demonstrated that the CALO and INBL cell lines expressed 
EGFR, HER2 (19) and JAK3 (24), and only the EGFR was 
found not to be constitutively phosphorylated. However, when 
the EGFR was isolated and analyzed using an in vitro kinase 
assay (Fig. 2), it was found that the receptor had catalytic 
and autophosphorylating activity. It could be possible that in 
the CALO and INBL cervical cancer cell lines, the ERRFI1 
molecule could block the autocatalytic activity of EGFR, 
which is responsible for the inhibition observed (29,30). In the 
present study, a differential behavior of the catalytic activity of 
the receptor was found. It is proposed that when the isolated 
receptor is washed under stringent conditions, non‑covalent 
interactions are broken. Therefore, the regulator molecule 
might be separated, enabling the catalytic activity of EGFR.

On the other hand, EGFR is part of the ErbB family of 
tyrosine kinases receptors. The activation of EGFR by its 
ligand leads to autophosphorylation; this change initiates a 
cascade of downstream signaling pathways regulating cellular 
proliferation, differentiation and survival  (8,26,30). With 
respect to HER3, this kinase lacks several residues that are 
important for catalysis. Since the activation of EGFR family 
members is switched by an allosteric interaction between the 
kinase domain in an asymmetric kinase domain dimer, HER3 
is specialized to serve as an activator of other EGFR family 
members (8‑11). The helix αC is an essential element in kinase 
regulation. The conformation of this domain defines an inac‑
tive conformation that is characteristic of numerous kinases, 
such as CDKs (31), Src kinases (32), Zap70 (33) and EGFR (34). 
In the active conformation, the helix αC has a conserved 
glutamic acid residue (position 738 in EGFR), which is able 
to form a salt bridge with a conserved lysine (position 721 in 
EGFR), which coordinates ATP (8). In HER3, the glutamic 
acid 738 residue is replaced by histidine, an amino acid with 
a positive charge. It has been reported that the recombinant 
HER3 does not have a detectable kinase activity (10) or has 
minimal activity when immunoprecipitated  (11,35). Due 
to these characteristics, HER3 has been designated as a 

pseudokinase (8,9,36). Similarly, in the CALO cervical cancer 
cell line, in the putative sequence of helix αC, in the catalytic 
domain, the conserved glutamic acid 738 residue is replaced by 
asparagine, and in the INBL cell line it is replaced by valine. 
Therefore, both amino acids lack a negative charge and cannot 
form a saline bridge with the conserved residue lysine 721. 
There were also differences in the helix αC from the isolated 
EGFR in comparison to the EGFR reference sequence. In the 
CALO cell line, one notable difference was found; the lack 
of the KEILDEAY motif, which changed to AIVDNPHV. It 
lacked the tyrosine residue and other residues required to form 
the interphase between the dimers. Both cell lines lacked the 
tyrosine residue, that can be phosphorylated, present in the 
KEILDEAY motif; therefore, the activity of the receptor may 
change.

The activation of the EGFR family involves the forma‑
tion of asymmetric dimers (homo‑ or heterodimers) between 
their kinase domains, in which one kinase domain (activator) 
acts as an allosteric activator of the other (receiver) (9,37). In 
this mechanism, the helix αC plays an essential role in the 
EGFR family by forming part of a docking site on the receiver 
domain for the activator kinase domain (9). This activation 
mechanism of the EGFR family resembles the activator 
kinase when it plays a similar role to that of the activation of a 
cyclin‑dependent kinase (38).

With respect to HER3, the kinase domain lacks several 
residues that are necessary for catalysis. The activation of 
the EGFR family members is initiated by an allosteric inter‑
action between the kinase domain in an asymmetric dimer. 
Thus, HER3 may have acquired a specialization to serve as 
an activator of the EGFR family members (9). Similarly, the 
EGFR present in the CALO and INBL cervical cancer cell 
lines did not show catalytic activity in the presence of other 
molecules in the cellular environment in the present study. 
In addition, it contained differences in the amino acids 
located in the catalytic domain (Figs. 6 and 7). Thus, it is 
hypothesized these changes in the amino acid sequence and 
the spatial arrangement may change the EGFR conforma‑
tion and confer a different activity in these cell lines, such 
as an activator of asymmetric dimers emulating the function 
of HER3.

The weak kinase activity of EGFR in the CALO and 
INBL cervical cancer cell lines may resemble the ability of 
the HER3 kinase to drive resistance to agents which inhibit 
other family members, for example EGFR or HER2 (39). 
Therefore, the EGFR without kinase activity in the cellular 
environment in both the CALO and INBL cell lines may 
serve to activate HER2 (which is constitutively active) (19) 
and, similar to HER3, also plays a critical role in the ability 
of HER2 to escape growth inhibition by some inhibitors, 
such as lapatinib (40). It was demonstrated that the EGFR 
protein does not interact with HER2 in the CALO and 
INBL cell lines; however, it is necessary to determine if 
this interaction is possible in other cervical cell lines, such 
as HeLa and CasKi, to have a complete understanding of 
this function of EGFR protein. In addition, further studies 
are being conducted to prove the interaction between the 
EGFR protein and ERRF1 and its participation in cervical 
carcinogenesis, as this molecule has an intrinsic oncogenic 
potential.
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