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Background: The incidence of human papillomavirus (HPV)-associated oropharyngeal cancer has increased rapidly during the
past decades. HPV is typically associated with a favourable outcome; however, a need exists for new and more effective
prognostic and predictive markers for this disease. Leucine-rich repeats and immunoglobulin-like domains (LRIG)-1 is a tumour
suppressor protein that belongs to the LRIG family. LRIG1 expression has prognostic significance in various human cancers,
including cervical cancer, where HPV is a key aetiological agent.

Methods: The prognostic value of LRIG1 and LRIG2 immunoreactivity was investigated in tumour specimens from a Swedish
cohort of patients with tonsillar and base of tongue oropharyngeal cancers, including 278 patients.

Results: LRIG1 immunoreactivity correlated with disease-free survival and overall survival in univariate and multivariate analyses.
Notably, patients with HPV-positive tumours with high LRIG1 staining intensity or a high percentage of LRIG1-positive cells
showed a very good prognosis. Furthermore, LRIG1 expression correlated with HPV status, whereas LRIG2 expression inversely
correlated with HPV status.

Conclusions: Taken together, the results suggest that LRIG1 immunoreactivity could be a clinically important prognostic marker in
HPV-associated oropharyngeal cancer.

Cancers of the oropharynx and hypopharynx resulted in an
estimated 135 000 new cases and 95 000 deaths worldwide in 2008
(Ferlay et al, 2010). The majority of these cancers originate from
the oropharynx, and tonsillar and base of tongue cancers are the
two most common oropharyngeal cancer subtypes. Human
papillomavirus (HPV) DNA is present in 50–90% of all
oropharyngeal cancers (Hammarstedt et al, 2006; Nasman et al,
2009; Attner et al, 2010), and it is a positive prognostic factor in
these cancers (Mellin et al, 2004; Lindstrom et al, 2007; Attner et al,
2011). The incidence of oropharyngeal cancer has been increasing
recently (Hammarstedt et al, 2006; Attner et al, 2010), and it has
been suggested that this increase is due to an increased incidence of
HPV-positive tonsillar and base of tongue cancers (Hammarstedt
et al, 2006; Nasman et al, 2009; Ramqvist and Dalianis, 2010;
Attner et al, 2011).

Oropharyngeal cancer, irrespective of HPV status, is often
treated with induction chemotherapy, intensified hyperfractionated
radiotherapy, and the epidermal growth factor (EGF) receptor
(EGFR) antibody cetuximab at advanced stages (Pignon et al, 2009;
Bonner et al, 2010). However, it is largely unknown which patients
benefit from the respective treatments. Therefore, new and more
effective prognostic and predictive markers are needed.

The human leucine-rich repeats and immunoglobulin-like
domains (LRIG) gene family includes three genes: LRIG1, LRIG2,
and LRIG3 (Nilsson et al, 2001; Guo et al, 2004; Holmlund et al,
2004). Recently, Lrig1 was shown to function as a tumour
suppressor in the mouse intestine (Powell et al, 2012), and
increasing evidence indicates that LRIG1 may function as a tumour
suppressor in humans (reviewed in Hedman and Henriksson, 2007
and Wang et al, 2013). Molecular studies have shown that LRIG1
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inhibits tyrosine kinase receptors of the EGFR family, MET, and
RET (Gur et al, 2004; Laederich et al, 2004; Shattuck et al, 2007;
Ledda et al, 2008). In certain cancer cells, high expression of LRIG1
is associated with increased sensitivity to platinum-based and other
cytostatic drugs (Stutz et al, 2008; Li et al, 2011; Wu et al, 2011). It
has been reported that LRIG1 ectodomains can be shed and
suppress EGF signalling in co-cultured cells, suggesting that LRIG1
ectodomains can suppress proliferation by acting in a paracrine
manner (Yi et al, 2011). This non-cell autonomous inhibition of
growth factor receptor signalling was recently exploited for the
treatment of experimental glioma in mice (Johansson et al, 2013).
Furthermore, high LRIG1 RNA or protein expression correlates
with a longer survival in breast cancer (Krig et al, 2011), cervical
cancer (Lindstrom et al, 2008; Muller et al, 2013), nasopharyngeal
cancer (Sheu et al, 2014), and cutaneous squamous cell carcinoma
(Tanemura et al, 2005). In prostate cancer, the association between
LRIG1 expression and patient survival seems to be context-
dependent (Thomasson et al, 2011). In patients with cervical
adenocarcinoma, expression of both LRIG1 and LRIG3 is
associated with increased survival, and there is also an association
between LRIG1 and LRIG3 expression and HPV status in these
tumours (Muller et al, 2013). Expression of LRIG proteins and the
clinical implications in oropharyngeal cancer have, to our knowledge,
not been previously studied.

Here, we investigated the expression of LRIG proteins by
immunohistochemistry in 278 tonsillar and base of tongue
tumours, and analysed the possible correlations between LRIG
expression and HPV status and patient survival.

MATERIALS AND METHODS

Patients and materials. The patient cohort included 290 patients
treated at the Karolinska University Hospital, Sweden, between
2000 and 2007 and has been presented in detail in a previous study
(Nasman et al, 2013). Clinical data were collected from patient
files, including TNM stage, tumour localisation, time of relapse,
treatment, and cause of death. In this cohort, tumour material
consisted of the whole diagnostic specimen from each patient, and
the survival end points were disease-free survival and overall
survival.

Detection of HPV DNA. Analysis of HPV status in these patient
samples has been described previously (Mellin et al, 2002;
Lindquist et al, 2012). Briefly, DNA was extracted from a 10-
mm-thick section of the paraffin-embedded diagnostic biopsy, and
polymerase chain reaction was used to amplify the L1 and E1

regions of the HPV genome. HPV type was determined by using
HPV16 type-specific primers or Multiplex Luminex. Negative
controls were included in all analyses and between all samples to
detect and avoid cross-contamination. 225 of 290 (78%) tumours
were HPV-positive (Nasman et al, 2013). Most of the tumours
carrying HPV were infected with HPV16 (Nasman et al, 2013).

Immunohistochemistry of the LRIG proteins, p16INK4a, and
CD44. The immunohistochemical staining protocols for the LRIG
proteins have previously been described in detail (Nilsson et al,
2003; Holmlund et al, 2004; Guo et al, 2006). In the present study,
the LRIG1-151 antibody was further validated by immunohisto-
chemical staining of formaldehyde-fixed and paraffin-embedded
pellets of H1975 cells that expressed endogenous levels of LRIG1 or
H1975DoxLRIG1 cells that overexpressed a doxycycline-regulated
LRIG1 transgene (Supplementary Figure S1). The intensity and
percentage of positive cells were evaluated by a senior pathologist
(MT). The intensity was evaluated on a four-grade semi-
quantitative scale as absent, weak, intermediate, or strong
(Figure 1A–D), and each level was defined based on the majority
of the staining. The fraction of positive cells was evaluated and
scored as no staining or 1–25%, 26–50%, 51–75%, or 76–100%
positive cells (Figure 1E–H). The immunohistochemical staining
results for p16INK4a and CD44 have been published previously
(Nasman et al, 2013). p16INK4a staining was considered positive
when strong and highly prevalent (more than 76% positive cells),
and CD44 was evaluated in semi-quantitative four grade scales as
presented in Table 1 (Nasman et al, 2013).

Statistical analyses. The association between ordinal variables was
tested using either a w2-test or Fisher’s exact test where suitable.
Significance testing was performed at the 0.05 level, and only two-
sided P-values were presented. Overall survival with expression of
the different LRIG proteins as a grouping factor was illustrated in a
Kaplan–Meier graph, and a log-rank test was used to compare the
groups. All significant differences in the univariate analyses and
factors generally known to influence survival were then included in
a Cox regression multivariate analysis to evaluate the possible
independent influence on the risk of mortality for each factor.

RESULTS

LRIG protein expression and clinical features. We performed
the present immunohistochemical study to evaluate the prognostic
significance of LRIG protein expression in oropharyngeal cancer.
Detailed characteristics of the patient cohort have been presented

No staining/absentA B C D

E F G H

Weak Intermediate Strong

1–25% 26–50% 51–75% 76–100%

Figure 1. Examples of oropharyngeal cancers immunostained for LRIG1. Various LRIG1 staining intensities are exemplified in the upper row
(A–D), and various percentages of LRIG1-positive cells are exemplified in the lower row (E–H).
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previously (Nasman et al, 2013). Initially, a smaller patient series
was stained for LRIG1, LRIG2, and LRIG3. LRIG3 staining was
deemed to be of insufficient quality for meaningful interpretation,
and was therefore not further studied in the present report.
Therefore, the cohort was stained for LRIG1 and LRIG2 only. In
the cohort of 290 patients, both the intensity and percentage of
positive cells were evaluated in 278 patients for LRIG1 (Figure 1),
and 275 patients for LRIG2; some patients were excluded because
of limited tumour material. Patient and tumour characteristics in
relation to HPV status did not differ compared with previous
reports when excluding these patients (Nasman et al, 2013; data
not shown).

LRIG1 staining was negative in 34 (12%) of the tumours, and
LRIG1 staining intensity was weak in 119 (43%), intermediate in
98 (35%), and strong in 27 (10%); 50 (18%) of the tumours had
1–25% LRIG1-positive cells, 65 (23%) had 26–50% positive cells,
95 (34%) had 51–75% positive cells, and 34 (12%) had 76–100%
positive cells. LRIG2 staining was negative in 21 (8%) of the
tumours, and LRIG2 staining intensity was weak in 160 (58%) of
the tumours, intermediate in 82 (30%), and strong in 12 (4%);
74 (27%) of the tumours had 1–25% LRIG2-positive cells, 86
(31%) had 26–50% positive cells, 85 (31%) had 51–75% positive
cells, and 9 (3%) had 76–100% positive cells. There was no
correlation between LRIG1 or LRIG2 expression and patient

age, tumour stage, sex, or tumour site (Table 1, data not shown
for LRIG2).

Correlation between LRIG protein expression and CD44
expression, p16 expression, and HPV status. Both the intensity
of LRIG1 staining and the percentage of LRIG1-positive cells
correlated with HPV status and p16INK4a status, but no
correlation with either the intensity of CD44 staining or the
percentage of CD44-positive cells was found (Table 1). For LRIG2,
the intensity of staining but not the percentage of positive cells was
inversely correlated with p16INK4a status (Po0.0001, w2-test) and
HPV status (Po0.0001, w2-test). No correlation between LRIG2
expression and CD44 staining intensity or the percentage of
positive cells was found (data not shown).

LRIG1 and LRIG2 protein expression, HPV status, and patient
survival. Both the intensity of LRIG1 staining and the percentage
of positive cells correlated with disease-free survival and
overall survival (Figures 2 and 3, respectively). The patients were
dichotomised into two groups, where intensity of staining was
scored as either absent or present (including weak, intermediate,
and strong intensity of staining) and the percentage of positive cells
was scored as either 0–25% or 26–100% positive cells. The intensity
of LRIG1 staining and the percentage of LRIG1-positive cells
correlated with both disease-free survival and overall survival

Table 1. Correlations between LRIG1 staining intensity and the percentage of positive cells and various clinical and molecular parameters

LRIG1 intensity LRIG1 expression

Absent (%) Present (%) P-value 0–25%, n (%) 26–100%, n (%) P-value

Localisation

Base of tongue 7 (9) 70 (91) ns 26 (34) 51 (66) ns
Tonsil 27 (13) 174 (87) 58 (29) 143 (71)

Sex

Female 13 (18) 59 (82) ns 28 (39) 44 (61) ns
Male 21 (10) 185 (90) 56 (27) 150 (73)

Stage

Iþ II 6 (20) 24 (80) ns 11 (37) 19 (63) ns
IIIþ IV 28 (11) 220 (89) 73 (29) 175 (71)

CD44 intensity

Absent 2 (9) 19 (91) ns 5 (24) 16 (76) ns
Weak 5 (9) 52 (91) 14 (25) 43 (75)
Medium 7 (10) 62 (90) 16 (23) 53 (77)
Strong 20 (15) 111 (85) 49 (37) 82 (63)

CD44 expression

Absent 2 (9) 19 (91) ns 5 (24) 16 (76) ns
1–25% 1 (3) 29 (97) 6 (20) 24 (80)
26–75% 9 (18) 40 (82) 13 (27) 36 (73)
76–100% 22 (12) 156 (88) 60 (34) 118 (66)

HPV status

Negative 13 (21) 50 (79) 0.021 29 (46) 34 (54) 0.002
Positive 21 (10) 194 (90) 55 (26) 160 (74)

p16INK4a

Negative 17 (23) 56 (77) 0.001 37 (51) 36 (49) o0.0001
Positive 17 (8) 188 (92) 47 (23) 158 (77)

Abbreviations: HPV¼human papillomavirus; LRIG1¼ leucine-rich repeats and immunoglobulin-like domains; ns¼non-significant.
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(Figures 2 and 3). Similarly, Cox regression univariate analyses
showed correlations between disease-free and overall survival and
intensity of LRIG1 staining (Po0.0001, HR 0.17, 0.086–0.32, 95%
CI and P¼ 0.004, HR 0.43, 95% CI 0.24–0.76, respectively) and the
percentage of LRIG1-positive cells (Po0.0001, HR 0.25, 95% CI
0.13–0.48 and Po0.0001, HR 0.40, 95% CI 0.24–0.65, respectively).
LRIG1 expression and known prognostic factors, including HPV
status, CD44 immunostaining intensity, patient age, tumour stage,
sex, and localisation, were then included in multivariate Cox
proportional regression models to evaluate the independence of
each marker. These analyses revealed that both the intensity of
LRIG1 staining (Table 2) and the percentage of cells positive for
LRIG1 (Table 3) were independent prognostic indicators of both
disease-free survival and overall survival.

Next, we stratified the patients according to the HPV status of
their tumours and performed univariate and multivariate analyses
as previously described. For patients with HPV-positive tumours
(215 patients and 32 deaths), both LRIG1 staining intensity and the
percentage of LRIG1-positive cells remained independent
prognostic markers for disease-free survival (Figure 4A and B,
Po0.0001 and Po0.0001, respectively). A Cox regression
univariate analysis was performed for the intensity of LRIG1
staining (Po0.0001, HR 0.17, 95% CI 0.086–0.32) and for the
percentage of cells positive for LRIG1 (Po0.0001, HR 0.25, 95% CI
0.13–0.48). For the HPV-negative tumours (63 patients and 33
deaths), no correlation was observed between LRIG1 staining
intensity or the percentage of LRIG1-positive cells and disease-free

survival (Figure 4C and D, P¼ 0.575 and P¼ 0.484, respectively).
When the same analysis was performed for overall survival, LRIG1
staining intensity and the percentage of LRIG1-positive cells
correlated with survival in the patients with HPV-positive tumours
but not in the patients with HPV-negative tumours (graph not
shown). When the same multivariate Cox proportional regression
model that was performed for all patients was performed including
only patients with HPV-positive tumours, both LRIG1 staining
intensity and the percentage of LRIG1-positive cells remained
statistically significant independent prognostic markers for disease-
specific and overall survival (data not shown).

Neither LRIG2 staining intensity nor the percentage of
LRIG2-positive cells correlated with patient survival.

DISCUSSION

In this study, LRIG1 immunoreactivity was found to be an
independent prognostic indicator associated with good survival in
HPV-positive tonsillar and base of tongue oropharyngeal cancers.
Additionally, the expression of LRIG1 and LRIG2 correlated and
inversely correlated, respectively, with HPV status in these
tumours. Tonsillar and base of tongue cancers have increased in
incidence recently and are often found to be associated with HPV
(Hammarstedt et al, 2006; Nasman et al, 2009, 2013; Attner et al,
2010, 2011; Lindquist et al, 2012). Interestingly, the expression of
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Figure 2. Disease-free survival of 278 oropharyngeal cancer patients. Kaplan–Meier curves according to LRIG1 staining intensity (A) and the
percentage of LRIG1-positive cells (B) (P-values of each graph shown in the figure, log-rank test).
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LRIG1 predicts good survival and correlates with HPV status in
cervical adenocarcinoma. Therefore, oropharyngeal cancer is the
second HPV-associated cancer type where LRIG1 expression has
been found to correlate with patient survival.

Expression of LRIG1 was shown to be an independent marker
for better patient survival in multivariate analyses where other
known risk factors, such as patient age, tumour stage, and HPV
status, were included. LRIG1 expression correlated with HPV
status but remained an independent positive prognostic marker in
multivariate analyses of patients with HPV-positive tumours. In
the HPV-negative group, LRIG1 expression did not correlate with
patient survival. However, because of the limited number of HPV-
negative cases in the analysed cohort, a possible role of LRIG1 as a
prognostic marker in this group cannot be ruled out. Of note,
patients with both HPV-positive and LRIG1-positive tumours
showed a very good survival outcome. No correlation between
LRIG1 expression and tumour stage or patient age was found.
Taken together, these results show that the evaluation of LRIG1
expression in tonsillar and base of tongue oropharyngeal cancers
may provide further prognostic information in addition to the
previously known risk factors.

The expression of LRIG2 did not correlate with survival or any
other clinical parameter in our oropharyngeal cancer cohort. This
result contrasts with previous results in cervical squamous cell
carcinoma, where LRIG2 expression correlates with poor patient
survival (Hedman et al, 2010). However, an inverse relationship

between LRIG2 expression and HPV status was found in the
present study, which has not been reported previously in any HPV-
associated cancer. Therefore, the exact role of LRIG2 expression in
HPV-associated cancers may warrant further investigation.

Because treatment data were collected retrospectively and were
of insufficient quality, it was not possible to evaluate the role of
LRIG1 as a predictive factor for specific treatments in this study.
However, although treatment was not standardised, most patients
received conventional radiotherapy or accelerated radiotherapy
combined with surgery depending on the stage of the disease and
response to radiotherapy. Chemotherapy was used only in a few
cases. Nevertheless, because only patients treated with curative
intent were included in the survival analyses, the results may
suggest that LRIG1 could be a predictive marker for radiotherapy
response. To directly test this hypothesis, a cohort from a clinical
trial with patients randomised to defined treatments would be
desired.

Previous in vitro studies have shown that LRIG1 may increase
the sensitivity of bladder, glioma, and oesophageal cancer cells to
platinum-based drugs (Stutz et al, 2008; Li et al, 2011; Wu et al,
2011). Platinum-based therapy is frequently used in the palliative
setting in oropharyngeal cancer; therefore, the predictive value of
LRIG1 in this setting may warrant further investigation. In the
curative setting, two concomitant drugs are now available for the
treatment of oropharyngeal cancer: either cisplatin (Pignon et al,
2009) or the EFGR antagonist cetuximab (Bonner et al, 2010) may

Table 2. Cox regression multivariate analysis including LRIG1 staining intensity and known prognostic factors for patients with oropharyngeal cancer

Disease-free survival Overall survival

HR 95% CI P-value HR 95% CI P-value

LRIG1 intensity

Absent 1 (ref) 1 (ref)
Present 0.24 0.11–0.49 o0.0001 0.49 0.26–0.91 0.024

HPV status

Negative 1 (ref) 1 (ref)
Positive 0.37 0.18–0.75 0.006 0.26 0.15–0.43 o0.0001

CD44 intensity

Absent/weak 1 (ref) 1 (ref)
Medium/strong 2.88 0.99–8.37 0.052 2.91 1.22–6.94 0.016

Age

467 years 1 (ref) 1 (ref)
60–67 years 0.91 0.41–2.05 0.82 0.64 0.34–1.21 0.17
54–60 years 0.58 0.23–1.45 0.25 0.43 0.21–0.89 0.022
o54 years 0.30 0.085–1.09 0.067 0.50 0.23–1.09 0.080

Stage

Iþ II 1 (ref) 1 (ref)
IIIþ IV 1.41 0.55–3.63 0.48 2.80 1.09–7.18 0.033

Sex

Female 1 (ref) 1 (ref)
Male 1.08 0.52–2.20 0.84 0.61 0.33–1.11 0.11

Localisation

Tonsillar SCC 1 (ref) 1 (ref)
Base of tongue SCC 1.06 0.20–2.21 0.89 0.88 0.51–1.52 0.65

Abbreviations: CI¼ confidence interval; HPV¼ human papillomavirus; HR¼ hazards ratio; LRIG1¼ leucine-rich repeats and immunoglobulin-like domains 1; SCC¼ squamous cell carcinoma.
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be used in parallel with radiotherapy. If LRIG1 expression turns
out to be a predictive marker for treatment with platinum-based
drugs or cetuximab, analysing LRIG1 expression may aid in clinical
decision-making regarding the choice of whether concomitant
cisplatin or cetuximab may be beneficial for the patient.

LRIG1 inhibits tyrosine kinase receptors and functions as a
tumour suppressor. Furthermore, it has been shown that LRIG1
ectodomains can be shed and suppress EGF signalling and cancer
cell proliferation in a paracrine manner (Yi et al, 2011; Johansson
et al, 2013). Moreover, deletions of chromosome 3p, including the
LRIG1 locus at 3p14, are frequent events in head and neck cancers,
and in vitro experiments have shown that LRIG1 regulates both cell
proliferation and growth factor signalling in nasopharyngeal cancer
cell lines (Sheu et al, 2014). It will therefore be important to
investigate the molecular and biological function of LRIG1 in
tonsillar and base of tongue cancers.

The staining pattern of LRIG1 in this cohort was exclusively
nuclear. The LRIG proteins show cell-type-specific differences in
their subcellular localisation (Hedman and Henriksson, 2007). For
example, in astrocytoma, LRIG1 staining is nuclear, perinuclear,
and cytoplasmic, and perinuclear staining correlates with low
WHO grade (Guo et al, 2006). In normal skin, nuclear LRIG1
expression is frequently observed; however, in psoriatic skin,
LRIG1 is redistributed to the cytoplasm and only rarely seen in cell

nuclei (Karlsson et al, 2008). Thus, the subcellular distribution of
LRIG1 seems to vary, and the role of the nuclear LRIG1 staining
pattern found in oropharyngeal cancer remains unknown.

In conclusion, LRIG1 immunoreactivity was found to be an
independent positive prognostic marker that correlates with HPV
status in tonsillar and base of tongue cancers. Furthermore, in
patients with HPV-positive tumours, the evaluation of LRIG1
offered added prognostic information. Therefore, the role of the
LRIG proteins in oropharyngeal cancer and other cancers known
to be associated with HPV warrants further investigation.
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