
Summary. Introduction. It has been reported that
overexpression and altered compartmentalization of γ-
tubulin may contribute to tumorigenesis and tumor
aggressiveness in a variety of human malignancies. We
have shown that γ-tubulin expression and cellular
distribution pattern is also altered in non-small cell lung
cancer (NSCLC) (Histol. Histopathol. 2012; 27: 1183-
1194). In the present study we examined the relationship
between γ-tubulin expression and patient overall
survival (OS). Material and methods. Immuno-
histochemistry was performed, with well-characterized
anti-γ-tubulin antibodies, on 109 formalin-fixed,
paraffin-embedded NSCLC specimens (p-TNM stage I-
III). γ-Tubulin labeling indexes (LIs) were determined,
and the association of γ-tubulin expression with
clinicopathological parameters was evaluated. To
analyze OS rates according to γ-tubulin LIs, patients
were categorized into three groups: those with low (0-
30%), intermediate (31-69%) or high (70-100%) γ-
tubulin LI. Association of clinicopathological parameters
and γ-tubulin with survival were examined using
univariate and multivariate Cox regression analysis.
Results. No statistically significant association was seen
between γ-tubulin overexpression and histological type,
tumor differentiation, p-TNM stage and adenocarcinoma

subtyping. Longer survival was observed in the high γ-
tubulin LI group of patients with p-TNM stages II+III
when compared to intermediate or low γ-tubulin LI
groups, but the difference was not statistically significant
(p=0.066). On the other hand, when combined low and
intermediate γ-tubulin LI groups (p-TNM stages II+III)
where compared to high γ-tubulin LI group, statistically
significant longer survival was observed in high γ-
tubulin group (p=0.021). Conclusion. Our findings
suggest that level of γ-tubulin expression may have an
impact on patient survival at more advanced NSCLC
stages.
Key words: Gamma-tubulin, Immunohistochemistry,
Non-small cell lung cancer, Survival

Introduction

Lung cancer is the leading cause of cancer-related
mortality in the United States (Siegel et al., 2017). The
5-year relative survival rate from 2007 to 2013 for
patients with lung cancer was 18.1% (https://seer.cancer.
gov/statfacts/html/lungb.html). Most lung tumors are of
epithelial origin and belong to the category of non-small
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cell lung cancer (NSCLC), which is responsible for 83%
of all lung cancer (Miller et al., 2016). Tumor stage
remains the most important predictor of clinical
presentation for lung cancer patients (Abdel-Rahman,
2017). Since prognosis within stage may vary
significantly, the search for additional prognostic factors
is essential to complement pathological tumor, node and
metastasis (p-TNM) staging classification, and to fully
assess the prognosis of individual patients. Moreover, up
to 30-50% of stage III NSCLCs are inoperable at time of
diagnosis (Miller et al., 2016; Yoon et al., 2017). These
patients may benefit from systemic chemotherapy and
thoracic radiation.

Microtubules, formed by αβ-tubulin dimers, are the
main constituents of mitotic spindles and play key roles
both in intracellular trafficking and cell motility. Given
that cancer cells have the potential of undergoing
continuous rounds of cell division, one of the principal
and time-honored strategies used in cancer
chemotherapy has been to induce mitotic arrest by drugs
affecting microtubule dynamics and apoptosis
(Dumontet and Jordan, 2010; Kavallaris, 2010;
McCarroll et al., 2010; Katsetos et al., 2011, 2015;
Katsetos and Draber, 2012). To date, βIII-tubulin is by
far the most extensively investigated tubulin isotype in
human malignancies, including NSCLC (Seve and
Dumontet, 2008; Katsetos et al., 2009, 2011; Kavallaris,
2010; Mariani et al., 2011; Katsetos and Draber, 2012;
Karki et al., 2013; Parker et al., 2014; McCarroll et al.,
2015). It is thought that increased expression of βIII-
tubulin in NSCLC is a negative predictive factor
associated with poor survival (Levallet et al., 2012;
Reiman et al., 2012). Moreover, βIII-tubulin is a marker
of resistance to tubulin-binding agents (TBA), such as
vinca alkaloids, taxol/paclitaxel and epothilones, as well
as DNA-damaging agents, cisplatin (McCarroll et al.,
2010), that are widely used in lung cancer chemotherapy
(Gan et al., 2007; McCarroll et al., 2010; Dumontet and
Jordan, 2010; Kavallaris, 2010). However, the role of the
other tubulins in this regard remains unknown.

γ-Tubulin is a highly conserved, albeit minor,
member of the tubulin superfamily that is essential for
microtubule nucleation in all eukaryotes (Oakley et al.,
1990; Stearns et al., 1991). Together with other proteins,
named γ-tubulin complex proteins (GCPs) in humans, it
assembles into nucleation-competent γ-tubulin
complexes (Oakley et al., 2015; Sulimenko et al., 2017).
In mammalian cells, two γ-tubulin genes TUBG1 and
TUBG2 exist, encoding two closely related isotypes
(Wise et al., 2000). TUBG1 is ubiquitously expressed,
whereas TUBG2 has been found mainly in the brain
(Yuba-Kubo et al., 2005; Vinopal et al., 2012). It was
reported that while the main function of the dominant γ-
tubulin 1 is to ensure microtubule nucleation, γ-tubulin 2
might have prosurvival function during oxidative stress
(Dráberová et al., 2017).

We have previously shown overexpression of total
γ-tubulin in NSCLC. Moreover, an increase in TUBG1
and TUBG2 transcripts was detected in NSCLC tumor

cell lines NCI-H460 and NCI-H69 when compared to
small airway epithelial cells (SAEC) (Maounis et al.,
2012). The present study extends these findings by
evaluating the relationship between γ-tubulin expression,
examined by immunohistochemistry, in a large cohort of
NSCLC pathologic specimens and patient overall
survival.
Materials and methods

Patients and clinical tumor samples

Tumor samples from 109 NSCLC patients that had
undergone surgery between January 2003 and January
2014 at “KAT” and “Sismanoglio” General Hospitals,
Athens, Greece were included in the study. Inclusion
criteria were NSCLC cases with p-TNM stages I-III and
available follow-up information. Furthermore, only
patients that had undergone a complete surgical resection
were enrolled in the study. The latter was defined as
resection of all macroscopic lesions and microscopically
disease-free margins. The study protocol was approved
by the Ethics Committee for Clinical Research of
“Sismanoglio” General Hospital (protocol No
34785/14). Details on the patients’ clinical
characteristics were obtained through review of medical
records by an independent reviewer unaware of the
results of the immunohistochemical analysis. Follow-up
lasted through 31 December 2015. Survival information
was obtained from medical records and telephone calls.
The day of surgery was considered as the starting day for
measuring postoperative survival time. Formaldehyde-
fixed, paraffin-embedded resection samples of NSCLC
were collected retrospectively from the Pathology
Departments of “KAT” and “Sismanoglio” General
Hospitals. The lung tumors were reclassified
histologically according to the 2015 WHO classification
(Travis et al., 2015). The degree of differentiation was
evaluated, distinguishing between well, moderately or
poorly differentiated tumors (grades I through III
respectively). Furthermore, tumors were staged
according to the pathological TNM (p-TNM) following
the criteria established by the American Joint Committee
on Cancer (AJCC). Histologic preparations were
evaluated independently by four pathologists, (NFM,
EM, MCΗ, CDK), who were unaware of the original
pathological diagnosis. In case of disagreement between
observers, the diagnosis was assigned by consensus at
conference. 
Antibodies 

The following anti-peptide antibodies against human
γ -tubulin were used: mouse monoclonal antibodies
(mAbs) TU-30 and TU-32 to the sequence 434-449
(Nováková et al., 1996); mAb GTU-88 to the sequence
38-53 (Sigma, T6657); rabbit antibodies to sequences
433-451 (DQ-19; Sigma, T3195) and 38-53 (Sigma,
T5192). The mAb supernatants TU-30 and TU-32 were
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stored in freeze-dried state in the presence of trehalose
(Dráber et al., 1995). Monoclonal antibody GTU-88 and
polyclonal antibody (Sigma, T 5192) were raised against
peptide sequence (38-53) which is identical both in
human γ-tubulin 1 and human γ-tubulin 2. The mAbs
TU-30, TU-32 and polyclonal antibody DQ-19 were
raised against peptides that differ only in one amino acid
when sequences of human γ-tubulin 1 and γ-tubulin 2
were compared. Horseradish peroxidase (HRP)-
conjugated anti-mouse and anti-rabbit antibodies were
obtained from Promega (Madison, WI).
Immunohistochemistry 

Immunohistochemistry was performed according to
the avidin biotin complex (ABC) peroxidase method
using Rabbit and Mouse IgG ABC Elite® detection kits
(Vector Labs, Burlingame, CA) as previously described
(Katsetos et al., 2006, 2007). Prior to immunostaining, 5
μm thick histological sections from paraffin-embedded
tissue blocks were subjected to non-enzymatic antigen
unmasking in 0.01 M sodium citrate buffer (pH 6.0) for
10 minutes in a microwave at medium power. Both
rabbit polyclonal Abs to γ-tubulin (Sigma T5192, Sigma
T3195) were used at 1:500 dilution, whereas anti γ-
tubulin mAbs GTU-88 and TU-32 were used at a 1:300
dilution or as undiluted supernatant, respectively.
Negative controls included omission of primary antibody
and substitution with nonspecific mouse IgG1 and
IgG2a, which were used as immunoglobulin class-
specific controls (corresponding to the immunoglobulin
subclasses of the primary antibodies employed in this
study) (Becton Dickinson, Franklin Lakes, NJ).
Preparations using non-conjugated isotype matched
control mAbs did not show any non-specific binding of
the secondary rabbit anti-mouse IgG1 and IgG2a
antibodies.
Cell counting

Manual counting of labeled tumor cells was
performed by four observers independently (NFM,
MCH, EM, CDK). Cell counting and statistical analysis
were performed with all antibodies employed. The cases
were grouped according to histological subtype, grade
and stage. To assess the fraction of immunolabeled
tumor cells in each specimen, the labeling index (LI),
defined as the percentage (%) of γ-tubulin-labeled cells
out of the total number of tumor cells counted in each
case and for each antibody, was determined as
previously described (Katsetos et al., 2001). Between
258 and 805 tumor cells were evaluated per case, in 10
non-overlapping high-power (40x) fields, and LIs were
generated per each specimen. The criteria for the
identification of a γ-tubulin positive cell, were the
detection of 3 or more punctate/dot-like immunoreactive
signals, and/or robust diffuse staining, in the cytoplasm
of individual tumor cells as previously described
(Katsetos et al., 2006). The level of interobserver

agreement was quantitated using generalized kappa and
pairwise kappa statistics (Landis and Koch, 1977; Fleiss,
1981). Interobserver agreement was substantial (k=0.65).
In case of disagreement (±10% in the recording of the LI
between the two observers) the immunohistochemical
preparations were re-reviewed at a multi-headed
microscope in order to achieve consensus. For purposes
of LI recording, the consensus opinion was considered
as conclusive.
Statistical analysis 

Data entry and analysis was performed with
STATA/SE 15.1 (Copyright 1985-2017 StataCorp LLC).
Continuous variables were summarized with the use of
descriptive statistical measures (median and 25th, 75th
percentiles) and categorical variables were displayed as
frequency tables. The significance level, α, was set at
0.05. Association between γ-tubulin labeling index (LI)
and clinicopathological parameters (age, gender,
histological type, tumor differentiation, p-TNM stage
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Table 1. Clinicopathological characteristics of patients.

Variables N Median (25th-75th percentile)

Age 109 66 (60-72)
γ-tubulin LI 109 0.90 (0.70-0.95)

Variables N %

Gender 109
Male 98 (89.9)
Female 11 (10.1)

Histology 109
Adenocarcinoma 52 (47.7)
Adenosquamous 5 (4.6)
Squamous 48 (44.0)
Large Cell 4 (3.7)

Differentiation 105
Poor 42 (40.0)
Moderate 48 (45.7)
Well 15 (14.3)

γ-Tubulin LI groups 109
Low 9 (8.3)
Intermediate 14 (12.8)
High 86 (78.9)

p-TNM Stage 109
IA 34 (31.2)
IB 22 (20.2)
IIA 6 (5.5)
IIB 26 (23.8)
IIIA 17 (15.6)
IIIB 4 (3.7)

Adenocarcinoma subtyping 52
Acinar 13 (25.0)
Intestinal 8 (15.1)
Lepidic 9 (17.0)
Micropapillary 2 (3.8)
Papillary 5 (9.4)
Solid 15 (28.3)



and adenocarcinoma subtyping) were evaluated using
the chi-squared test, Mann-Whitney two-sample statistic,
and the Kruskal Wallis test. Survival curves were
obtained using the Kaplan-Meier method, while the
equality of survivor functions across two or more groups
was assessed with the log-rank test. Association of
various clinicopathological parameters and γ-tubulin
with survival were evaluated using univariate and
multivariate Cox regression analysis. 
Results

Patient and clinical tumor samples

The clinicopathological characteristics of the
patients are summarized in Table 1. There were 98
(89.9%) male and 11 (10.1%) female patients, with
median age 66 years (range 40 to 81 years). The lung
tumors were reclassified histologically as follows:
adenocarcinoma (AC) (n=52), squamous cell carcinoma
(SCC) (n=48), adenosquamous carcinoma (n=5) and
large cell carcinoma (LCC) (n=4). Among ACs, 13 were
classified as acinar, 8 as intestinal, 9 as lepidic, 2 as
micropapillary, 5 as papillary and 15 as solid. Our study

included 15 well, 48 moderately and 42 poorly
differentiated tumors. Postoperative staging evaluation
demonstrated stage IA disease in 34 patients, stage IB in
22 patients, stage IIA in 6 patients, stage IIB in 26
patients, stage IIIA in 17 patients and stage IIIB in 4
patients.
Distribution of γ-tubulin in clinical tumor samples

Immunohistochemical analysis of surgically excised
tissue samples of NSCLC showed a robust albeit
distinctly heterogeneous γ-tubulin expression (Figs. 1,
2). Varying degrees of γ-tubulin immunoreactivity were
observed in all tumor grades and histological types. Two
distinctive, but overlapping, patterns of cytoplasmic
localization were identified: (a) a multipunctate and (b) a
diffuse (Figs. 1a , 2a).

In ACs, a trend for increased γ-tubulin staining was
seen in less differentiated tumor components (Fig. 1b).
However, strong and diffuse cytoplasmic immuno-
reactivity was noted in some well-formed glands (Fig.
1c). Additionally, some of the gland lining tumor cells
showed a more intense immunoreactivity in the apical
surface region of the cytoplasm (arrows in Fig. 1d). 
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Table 2. Correlation of γ-tubulin LIs and tumor characteristics.

Patient characteristics N Median (25th-75th percentile) of γ-tubulin LI p-value

Histology
Adenocarcinoma 52 0.87 (0.70-0.95) 0.394

p-TNM Stage IA & IB 29 0.80 (0.45-0.98) 0.705
p-TNM Stage IIA & IIB 12 0.87 (0.73-0.93)
p-TNM Stage IIIA & IIIB 11 0.91 (0.80-0.93)

Squamous 48 0.90 (0.72-0.97) 0.285
p-TNM Stage IA & IB 22 0.80 (0.57-0.98)
p-TNM Stage IIA & IIB 16 0.90 (0.80-0.99)
p-TNM Stage IIIA & IIIB 10 0.90 (0.88-0.90)

Adenosquamous 5 0.91 (0.90-0.94)
Large Cell 4 0.97 (0.48-1.00)

Differentiation
Poor 42 0.87 (0.68-0.94) 0.387
Moderate 48 0.90 (0.75-0.99)
Well 15 0.84 (0.41-0.93)

p-TNM Stage†
IA 34 0.86 (0.45-1.00) 0.657
IB 22 0.80 (0.50-0.90)
IIA 6 0.83 (0.80-0.95)
IIB 26 0.90 (0.80-0.99)
IIIA 17 0.90 (0.90-0.93)
IIIB 4 0.85 (0.77-0.90)

Adenocarcinoma subtyping
Acinar 13 0.83 (0.74-0.95) 0.435
Intestinal 8 0.91 (0.80-0.96)
Lepidic 9 0.90 (0.71-1.00)
Micropapillary 2 0.58 (0.19-0.98)
Papillary 5 0.89 (0.08-0.90)
Solid 15 0.77 (0.51-0.90)

*Kruskal Wallis test. † No differences in A and B combined stages



In SCCs, variably intense γ-tubulin expression was
observed (Fig. 2a,b). Immunoreactivity was significantly
more prominent in large pleomorphic cells, including
tadpole tumor cells (arrows in Fig. 2c,d). Furthermore, a
few tumor cells demonstrated an irregular γ-tubulin
localization with a predilection for the periphery of the
cytoplasm (arrows in Fig. 2a,e). Identical patterns of
immunoreactivity were obtained with the different
monoclonal and polyclonal anti-γ-tubulin antibodies
employed in the present study.
Association between γ-tubulin expression and
clinicopathological parameters

Descriptive statistics for age, gender, tumor
categories and γ-tubulin LI are presented in Table 1. No
association between γ-tubulin LIs and age (r=-0.055;
p=0.586) or gender (males median=0.90; females

median=0.82; (p=0.294) was detected. The summary of
the relationships between γ-tubulin LIs and tumor
categories is presented in Table 2. No statistically
significant association was seen between γ-tubulin
overexpression and histological type (p=0.394), tumor
differentiation (p=0.387), p-TNM stage (p=0.657) and
adenocarcinoma subtyping (p=0.435). Similarly,
comparisons of γ-tubulin LIs for squamous cell
carcinoma and adenocarcinoma relative to stages did not
disclose differences in these carcinoma types (Table 2).
Association between patient characteristics, γ-tubulin
expression and overall survival

A total of 109 patients were included in this study.
Of those, 68 patients were alive whereas 41 died
throughout the study duration. The median follow-up
time for the 109 patients was 45.7 months (95% CI:
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Fig. 1. Immunolocalization of γ-tubulin in ACs. Staining with anti-γ-tubulin antibody. ABC peroxidase with hematoxylin counterstaining. Scale bars: a, c,
10 μm; b, 5 μm; d, 20 μm.



40.1-49). The overall median survival time of the study
population was 96 months (95% CI: 60.0-NR) and the
probability of 5-year survival was 58.2% (95% CI: 45.9-
68.6). Consistent with previous studies (Rami-Porta et
al, 2015; Abdel-Rahman, 2017), we observed a
significant difference between the survival times for
different tumor stages (p<0.001). The median survival
time of patients with p-TNM stage I tumors was 96
months (95% CI: 96-NR), the median survival time of
patients with p-TNM stage II tumors was 60 months
(95% CI: 25-NR) whereas for patients with p-TNM
stage III tumors was 27 months (95% CI: 15-NR).

In order to analyze overall survival rates according
to γ-tubulin LIs, patients were categorized into three
groups: those with low (0-30%), intermediate (31-69%)
or high (70-100%) γ-tubulin LI. Survival graphs for low,
intermediate and high γ-tubulin LI groups are depicted
in Fig. 3a. The association of potential prognostic factors
with overall survival was assessed through hazard ratios
estimated from univariate Cox proportional hazards

models. p-TNM stage was the only statistically
significant factor in univariate Cox analysis (Table 3). γ-
Tubulin LI was not statistically significant in the
univariate nor in multivariate Cox model adjusted for p-
TNM stage. In addition, a test for interaction between
stage and γ-tubulin LI was performed and was not
statistically significant (p=0.167). Overall median
survival times and 2, 4, 5-year survival probabilities for
γ-tubulin LI are shown in Table 4. There was no
statistically significant difference between γ-tubulin LI
groups (p=0.868), the 4-year survival probabilities for
the high γ-tubulin LI group was 62.5 months (95% CI:
50.2-72.6), whereas for the intermediate γ-tubulin LI
was 61.2 months (95% CI: 29.4-82.2), and for the low γ-
tubulin LI was 55.6 months (95% CI: 20.4-80.5).
Survival rates were analyzed based on γ-tubulin LI
groups (low, intermediate and high) and p-TNM stage
(stage I versus combined stage II and III). A superior
survival was seen for p-TNM stage I; the differences
were marginal for patients with low γ-tubulin LI
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Fig. 2. Immunolocalization of γ-tubulin in SCCs. Staining with anti-γ-tubulin antibody. ABC peroxidase with hematoxylin counterstaining. Scale bars: a,
20 μm; b-e, 10 μm.



(p=0.05) but statistically significant for those with
intermediate and high γ-tubulin LI (Table 4).
Additionally, survival curves were compared according
to γ-tubulin LI groups within p-TNM stage I and p-TNM

stages II+III. While longer survival was observed in the
group of patients with high γ-tubulin LI and p-TNM
tumor stages II+III when compared to intermediate or
low γ-tubulin LI groups, the differences were not
statistically significant (p=0.066). This is depicted in
Fig. 3b. However, when overall survival of combined
low and intermediate γ-tubulin LI groups was compared
to that of high γ-tubulin LI group the difference was
statistically significant (p=0.021) (Fig.3c).
Discussion

Targeting γ-tubulin protein complexes involved in
nucleation of mitotic spindle microtubules, represents a
promising approach in cancer therapy (Cala et al., 2013;
Remy et al., 2013; Katsetos et al., 2015). Molecular
profiling has revealed changes in the expression of both
TUBG1 and TUBG2 genes in various histological tumor
types (Katsetos et al., 2015). Increased γ-tubulin
expression occurs in NSCLC (Maounis et al., 2012),
laryngeal carcinomas (Syed et al., 2009), breast
carcinomas (Niu et al., 2009; Cho et al., 2010), primary
brain tumors, gliomas/glioblastomas (Katsetos et al.,
2006, 2007) and medulloblastomas (Caracciolo et al.,
2010). Elevated expression of GCP2 and GCP3 has also
been reported in glioblastomas (Dráberová et al., 2015).
An increased expression of γ-tubulin and GCPs in
tumors may be linked to increased microtubule
nucleating capacity through conventional and
ectopic/supernumerary MTOCs as well as abnormal
centrosome function. This may come together with a
wide range of structural and functional centrosomal
defects leading to abnormal mitotic spindles,
missegregation of chromosomes and aneuploidy in
populations of transformed daughter cells. This process
known as “centrosome amplification” could influence
the expression of a plethora of centrosome-associated
molecules, including key kinases and tumor suppressors
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Table 3. Univariate and multivariate Cox regression results.

Univariate Multivariate
Hazard ratio p-value Hazard ratio p-value

(95% CI) (95% CI)

Age 0.875
≤median 1
>median 1.05 (0.57-1.94)

Gender 0.580
Female 1
Male 1.40 (0.43-4.54)

Histology 0.743
Adenocarcinoma 1
Adenosquamous *
Squamous 0.73 (0.38-1.41)
Large cell 0.47 (0.06-3.52)

Differentiation 0.363
Poor 1
Moderate 0.99 (0.51-1.96)
Well 1.82 (0.74-4.45)

p-TNM stage groups <0.001
IA-IB 1
IIA-IIB 1.77 (0.82-3.83)
IIIA-IIIB 4.85 (2.29-10.3)

p-TNM stage groups 0.002 0.002
I 1 1
II-III 2.69 (1.42-5.08) 3.01 (1.52-5.97)

γ-tubulin labeling index 0.871 0.517
low 1 1
intermediate 0.70 (0.19-2.62) 0.70 (0.19-2.61)
high 0.84 (0.29-2.39) 0.54 (0.18-1.60)

*No deaths in this group (n=5).

Table 4. Overall survival and 2, 4, 5-year survival probabilities for γ-tubulin labeling index groups stratified by ΤΝΜ tumor stage groups I and II+III.

γ-tubulin labeling index N Median OS (95% CI) Survival probability (95% CI) Log-rank test p-value
2-year 4-year 5-year

Low 9 NR* 77.8 (36.5-93.9) 55.6 (20.4-80.5) 55.6 (20.4-80.5) 0.868
Intermediate 14 NR 85.7 (53.9-96.2) 61.2 (29.4-82.2) NR
High 86 96 (60-NR) 77.9 (67.2-85.5) 62.5 (50.2-72.6) 58.9 (45.1-70.2)
Low

p-TNM Stage I 7 NR 85.7 (33.4-97.9) 71.4 (25.8-91.9) 71.4 (25.8-92.0) 0.050
p-TNM Stage II+III 2 15 (15-NR) 50.0 (0.6-91.0) NR NR

Intermediate
p-TNM Stage I 11 NR 100 77.9 (35.4-94.2) NR <0.001
p-TNM Stage II+III 3 22 (15-NR) 33.3 (0.9-77.4) NR NR

High
p-TNM Stage I 38 96 (96-NR) 84.2 (68.2-92.6) 75.4 (57.9-86.4) 75.4 (57.9-86.4) 0.015
p-TNM Stage II+III 48 30 (25-NR) 72.3 (56.1-83.4) 49.5 (32.0-64.8) 37.2 (14.6-60.1)

*NR= not reached.



(Katsetos et al., 2015). Moreover, γ-tubulin
overexpression might affect microtubule plus-end
dynamics and cell cycle regulation (Katsetos et al.,
2015). Overexpression of γ-tubulin could also affect its
capability to form oligomeric structures (Sulimenko et
al., 2002), regulate gene transcription (Höög et al., 2011)
and modulate DNA damage G2/M checkpoint activation
(Hořejší et al., 2012).

The relationship between high γ-tubulin expression
and clinically improved survival in patients with stages
II+III NSCLC raises the conjecture that high γ-tubulin
expression may be associated with better clinical
response to postoperative chemotherapy with cisplatin
and paclitaxel and/or radiotherapy in the setting of
advanced stage lung cancer (our unpublished results).
This might be mediated, in some cases, through the
interaction of γ-tubulin with breast and ovarian cancer
specific tumor suppressor BRCA1 (Sankaran et al.,
2007). BRCA1 has well defined functions that include
DNA damage response and repair, as well as cell cycle
checkpoint activation (Narod and Foulkes, 2004).
BRCA1 is localized to the mitotic centrosomes (Hsu and
White, 1998; Hsu et al., 2001) and inhibits microtubule
nucleation via ubiquitin ligase activity of
BRCA1/BARD1 complex that modifies γ-tubulin
(Sankaran et al., 2007). BRCA1 is also associated with
sensitivity to tubulin binding agents (TBAs) and
cisplatin (Kennedy et al., 2004; Sankaran et al., 2007).
Given that most chemotherapeutic agents function by
directly or indirectly damaging DNA, the role of
BRCA1 as a regulator of chemotherapy-induced DNA
damage has been the subject of longstanding inquiry.
Loss of BRCA1 function or depletion of BRCA1 is
associated with resistance to paclitaxel and increased
microtubule dynamics (Kennedy et al., 2004; Sung and
Giannakakou, 2014). Whether overexpression of γ-
tubulin affects BRCA1 functions and thus overall
survival remains to be elucidated. 

It was reported that γ-tubulin localizes to
microtubule lattice and affects microtubule dynamics by
limiting microtubule catastrophe frequencies (Bouissou
et al., 2009). Overexpression of γ-tubulin could therefore
affect microtubule dynamics and thus support paclitaxel
binding. Increased survival could also reflect enhanced
expression of TUBG2. It was suggested that the
accumulation of TUBG2 in cells during oxidative stress
may denote prosurvival role of this γ-tubulin isotype
(Dráberová et al., 2017). Although we have shown
increased expression of TUBG2 in NSCLC cell lines
previously (Maounis et al., 2012), such analysis is
missing on a large cohort of NSCLC tumor samples.

In conclusion, our findings suggest that level of γ-
tubulin expression may impact survival in patients with
more advanced NSCLC stages. However, the
significance of this observation should be considered
with caution, and cross-validation studies in a larger
patient sample factoring in the precise therapeutic
modalities are needed.
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Fig. 3. Overall survival Kaplan-Meier curves for γ-tubulin LI groups. 
a. Overall survival Kaplan-Meier curves for low (0-30%), intermediate
(31-69%) and high (70-100%) γ-tubulin LI groups. b. Overall survival
Kaplan-Meier curves for p-TNM stage I and II+III according to γ-tubulin
LI groups. c. Overall survival Kaplan-Meier curves for p-TNM stage II+III
according to low/intermediate and high γ-tubulin LI groups.
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