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Abstract
Background: Growth factor receptor-bound protein 14 (Grb14) is an adaptor molecule of the Grb7/10/14
family with a characteristic “between PH and SH2” (BPS) domain that serves to tightly bind tyrosine
kinases. Previous studies have demonstrated that Grb14 upregulation may be used as a marker of
proliferation, invasion and malignant cell growth in tumors. The overexpression of Grb14 has also been
reported to be associated with a poor prognosis in cancer patients. However, the clinical signi�cance of
Grb14 in lung adenocarcinoma has not yet been fully elucidated.

Methods: Grb14 protein expression in human lung adenocarcinoma and noncancerous lung tissues was
detected by immunohistochemistry analyses. Then, the associations of Grb14 expression with
clinicopathological features and clinical outcomes of lung cancer patients were validated by analyzing a
microarray-based TCGA dataset at the mRNA level and statistically evaluating the results.

Results: Immunohistochemistry and dataset analyses revealed that Grb14 expression was signi�cantly
increased in lung adenocarcinoma tissues compared with noncancerous lung tissues [immunoreactivity
score (IRS): lung adenocarcinoma, 6.07±1.01 vs benign, 4.80±1.22, P<0.001]. Additionally, as revealed by
analysis of the dataset, the upregulation of Grb14 mRNA expression in the lung adenocarcinoma tissues
was signi�cantly correlated with poor overall survival (P<0.001). Furthermore, univariate analysis
revealed that higher pathological stage [hazard ratio (HR), 1.925, 95% CI, 0.912-6.301; P<0.05], higher
tumor stage (HR, 2.436, 95% CI, 1.659-5.551; P<0.001), higher surgical margin resection status (HR, 3.035,
95% CI, 1.305-37.51; P<0.01) and prior diagnosis status (HR, 0.4893, 95% CI, 0.1818-0.8197; P<0.01) were
independent predictors for a shorter survival. Multivariate analysis also revealed that higher pathological
stage (HR, 3.730, 95% CI, 1.784-7.796; P<0.01), higher surgical margin resection status (HR, 6.914, 95% CI,
2.063-23.171; P<0.01) and prior diagnosis status were related to a shorter survival. 

Conclusion: Our data suggest that elevated Grb14 expression plays an important role in the progression
of lung adenocarcinoma. More importantly, the increased expression of Grb14 may e�ciently predict
poor survival in lung adenocarcinoma patients.

Highlights
According to the TCGA dataset analysis, Grb14 is a potential marker with prognostic implications for lung
adenocarcinoma patients.

This study demonstrated that Grb14 expression was signi�cantly increased in lung adenocarcinoma
tissues compared with noncancerous lung tissues.

The Kaplan-Meier method demonstrated that lung adenocarcinoma patients with high Grb14 expression
had shorter survival times than those with low Grb14 expression.
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Univariate analysis and multivariate analysis revealed that high Grb14 expression was associated with
poor prognosis in lung adenocarcinoma patients.

Grb14 could be a potential therapeutic target in lung adenocarcinoma.

Introduction
Lung cancer is the leading cause of cancer-related death worldwide1 and is mainly divided into small cell
and non-small-cell lung cancer2, 3. The main histological subtype of non-small-cell lung cancer is
adenocarcinoma. Most patients have advanced disease at the time of diagnosis (stage III/IV), and
despite signi�cant developments in the oncological management of late-stage lung cancer over recent
years, survival remains poor4. As a clinically heterogeneous multifocal disease, its natural history is
highly variable and di�cult to predict5. In addition, the mechanisms in�uencing the progression and
prognosis of lung adenocarcinoma are multistep processes6.

Recent progress in sequencing technologies has enabled us to perform large-scale examinations by
whole-genome sequencing, whole-exon sequencing, or RNA sequencing. Several oncogenes, called driver
genes, play a signi�cant role in oncogenic activity in lung carcinogenesis7. Molecular-targeted therapy
targets activated driver oncogene products that promote oncogene addiction in cancer cells8, 9. Clinical
variables such as CT scan margin status and initial treatment response have been used in various
combinations to predict disease outcome10. Despite improvements in therapeutic management, the
prognosis of lung cancer remains poor, with a 5-year survival rate of less than 15%11, 12.

There are currently no de�nitive clinical methods for the diagnosis and determination of the disease
outcome. Therefore, it is of great importance to identify novel and effective biomarkers involved in the
fundamental aspects of tumor biology to provide valuable information regarding the early diagnosis and
tumor progression of lung adenocarcinoma.

In our TCGA dataset analysis, Grb14 was identi�ed as a potential prognostic marker for lung
adenocarcinoma patients13. Grb14 is an adaptor of the Grb7/10/14 family and has a characteristic
“between PH and SH2” (BPS) domain that allows tight binding to tyrosine kinases14, 15. It directly binds to
the insulin receptor (IR), regulates insulin-induced IR tyrosine phosphorylation and sends signals to IRS-1,
Akt and RTK16, 17. Accumulating evidence has demonstrated the involvement of Grb14 in various types of
human cancer, such as breast cancer, thyroid cancer, and colon cancer18-21. The clinical signi�cance of
Grb14 in lung adenocarcinoma has not yet been fully elucidated. Thus, the aim of the present study was
to investigate the association of Grb14 with tumor progression and prognosis in patients with Grb14.

Materials And Methods
Tissue samples.
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For the immunohistochemical analysis, a tissue microarray (TMA, n=150) of 75 primary lung tissues and
75 adjacent noncancerous lung adenocarcinoma tissues was obtained from Shanghai Outdo Biotech Co.
Ltd. , (Shanghai, China; CGT NO: HLugA150CS02). Detailed clinical information was also obtained.
Patient clinicopathological data, including age, sex, smoking status, TNM stage, histological subtype, and
differentiation status, were recorded. For the evaluation of the clinical relevance of Grb14, a publicly
available dataset named the TCGA dataset, which includes 230 primary lung adenocarcinoma tissues
with messenger RNA (mRNA) microarray expression data, was collected. Patients who received
chemotherapy or radiotherapy before surgery were excluded from the study. Detailed information on the
clinical characteristics of all the patients in the present study is presented in Table 1.

Immunohistochemistry.

Tissue sections were incubated with an anti-Grb4 antibody (1:100; catalog no. A2742, Abclonal).
Background staining was assessed by omitting the primary antibody. The intensity and percentage of
positive cells from �ve �elds in each sample were determined independently by two experienced
pathologists blinded to the clinical and pathologic data. Staining intensity was assessed using a 4-point
scale (0, undetectable; 1, weak; 2, moderate; 3, strong). The percentage of positively stained cells was
expressed as one of four categories: 1, 0%–25% stained; 2, 26%–50% stained; 3, 51%–75% stained and 4,
76%–100% stained. Grb14 expression = intensity score + percentage scores.

Statistical analysis.

The Kolmogorov-Smirnov test was used to test for normality of the distribution of Grb14 expression
levels. The Mann-Whitney U and Kruskal-Wallis H tests were performed to examine the association
between Grb14 and the clinicopathologic characteristics of lung adenocarcinoma patients in the TCGA
dataset. The Kaplan-Meier method was used for survival analysis, and Cox regression analysis was used
for univariate and multivariate analyses. Independent Student's t-test was used to analyze the results, and
data are expressed as the mean ± SD. Statistical analysis was performed using Fisher's exact test for any
2x2 tables and the Pearson χ2 test for non-2x2 tables. Differences were considered statistically
signi�cant if the P-value was less than 0.05.

Results
Grb14 protein expression is upregulated in lung adenocarcinoma clinical specimens.

The clinical characteristics of all patients are shown in Table 1. Grb14 protein expression in the TMA was
detected by IHC. In this TMA, the expression pro�le and localization of Grb14 in 75 lung adenocarcinoma
and 75 adjacent lung adenocarcinoma tissues were examined by immunohistochemical analysis (Figure
1A). The expression level of Grb14 in the lung adenocarcinoma tissues was signi�cantly higher than that
in the noncancerous lung adenocarcinoma tissues (lung adenocarcinoma 6.07±1.01 vs. benign,
4.80±1.22; P<0.01) (Figure 1B). Immunohistochemical staining revealed that Grb14 immunostaining
occurred mainly in the cytoplasm of the cells from the lung adenocarcinoma tissue (Figure 1C and D).
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The intensity of Grb14 staining was high in the cytoplasm of cancer cells (Figure 1E), while it was low in
the cytoplasm of normal lung tissue samples Figure 1F).

Table 1. Clinical characteristics of all patients
Clinical characteristics           TMA          TCGA

Lung adenocarcinoma (cases)   75            230
 Age (mean)
< 65
≥ 65
Pathological stage
T1
T2
T3
T4
Metastasis
NO
YES
Tumor stage
Stage I
Stage II
Stage III
Stage IV

 
  48            84
  27            122
 
  20            60
  41            130
  11            17
   3            14
 
   71            158
   4             8
 
   37             115
   18             47
   16             46
   4              9

   

TMA, tissue microarray (tissues analyzed by immunohistochemistry). The TCGA dataset was contributed by EA
et al13. All 230 patients in the TCGA dataset were given a follow-up examination ranging from 0 to 224 months
(median, 13.35 months). The primary analysis endpoint for the cohort of patients was overall survival. All
patients who succumbed to diseases other than lung adenocarcinoma or unexpected events were excluded from
the cohort.

High Grb14 mRNA levels in the TCGA dataset are associated with disease progression and poor
prognosis in lung adenocarcinoma. To further assess the prognostic value of high Grb14 expression in
lung adenocarcinoma patients, Kaplan-Meier analysis was performed to compare prognosis between
patients with high and low Grb14 expression levels (Figure 2). The mean Grb14 expression level in the
TCGA dataset was used as a cut-off to divide cases into high and low Grb14 expression groups.
Interestingly, overall survival in the high and low Grb14 expression groups was 41.59 ± 5.2 and 88.67 ±
16.69 months, respectively, indicating that lung adenocarcinoma patients with high Grb14 expression
experienced shorter survival times than the low expression group (log rank = 7.714, P = 0.005).
Association of Grb14 protein and mRNA expression with the clinicopathological characteristics of
patients with lung adenocarcinoma. As shown in Table 2, the results from immunostaining with the
limited clinical information from the TMA failed to reveal any signi�cant association between Grb14
expression and the clinicopathological characteristics of the patients with lung adenocarcinoma tissues.
Since the increased expression of Grb14 protein in lung adenocarcinoma tissues did not correlate with
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the clinicopathological characteristics of our TMA cohort, we proceeded to analyze Grb14 expression at
the mRNA level. However, we failed to �nd any signi�cant association between Grb14 expression and the
clinicopathological characteristics of the patients with lung adenocarcinoma in the TCGA dataset. The
reason may be related to the limited amount of clinical information.

Table 2. Correlation of GRB14 expression with the clinicopathological characteristics of lung adenocarcinoma
linical characteristics TMA    Grb14 expression in TCGA dataset

Cases Mean ± SD P-value Cases Mean ± SD P-value  

rb14 expression
enign
ancer

 
75
75

 
4.80±1.22
6.07±1.01

 
<0.01
 

     
-
-
 

 
 

ge (years)
65
65

Metastasis
O
ES
athological stage
T3A

 
48
27
 
71
4
 
61

 
6.13±1.02
5.96±1.16
 
6.06±1.08
6.25±0.96
 
6.00±1.11

 
0.533
 
 
0.727
 
 
0.263
 

   
84
122
 
158
8
 
207

 
137.71±205.06
185.88±218.41
 
177.49±317.71
129.55±88.93
 
175.21±304.08
 

 
0.112
 
 
0.672
 
 
0.633
 

T3A
verall survival
live
eceased

14
 
-
-

6.36±0.84
 
 
 
 

 
 
 
 

 
 
 

14
 
155
67
 

215.18±275.39
 
175.98±335.78
179.27±202.98

 
 
0.941
 
 

-, indicates lack of relative information of patients. TCGA dataset contributed by Collisson EA et al13.

Prognostic implications of Grb14 expression in lung adenocarcinoma.

As shown in Table 3, univariate analysis and multivariate analysis revealed that there was a signi�cant
difference in the survival rates between the patients with high Grb14 expression and those with low Grb14
expression [hazard ratio (HR), 1.960; 95% con�dence interval (CI), 1.212-3.299; P<0.001] and (HR 3.418;
95% CI 1.610-7.528). In addition, univariate analysis revealed that higher pathological stage [hazard ratio
(HR), 1.925, 95% CI, 0.912-6.301; P<0.05], higher tumor stage (HR, 2.436, 95% CI, 1.659-5.551; P<0.001),
higher surgical margin resection status (HR, 3.035, 95% CI, 1.305-37.51; P<0.01) and prior diagnosis
status (HR, 0.4893, 95% CI, 0.1818-0.8197; P<0.01) were independent predictors for poor survival.
Multivariate analysis also revealed that higher pathological stage (HR, 3.730, 95% CI, 1.784-7.796;
P<0.01), higher surgical margin resection status (HR, 6.914, 95% CI, 2.063-23.171; P<0.01) and prior
diagnosis status were related to poor survival.
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  Overall survival     Overall survival  

  Hazard ratio
(95% CI)

P-
value

  Hazard ratio
(95% CI)

P-
value

Univariate analysis     Multivariate analysis    

Grb14 1.960 (1.212-
3.299)

<0.001 Grb14 3.418 (1.610-
7.258)

<0.001

 

Age

Metastasis

Pathological stage

 

1.271 (0.474-
3.626)

1.925 (0.912-
6.301)

0.079

0.625

<0.05

Age

Metastasis

Pathological stage

 

0.292 (0.093-
0.913)

3.730 (1.784-
7.796)

 

0.088

0.532

<0.01

 

 

Tumor stage

Surgical margin
resection status

Prior diagnosis

2.436 (1.659-
5.551)

3.035 (1.305-
37.51)

 

0.4893 (0.1818-
0.8197)

<0.001

<0.05

 

<0.01

Tumor stage

Surgical margin
resection status

Prior diagnosis

-

6.914 (2.063-
23.171)

 

0.449 (0.200-
1.008)

<0.01

<0.01

 

<0.05

 

Table 3. Prognostic value of Grb14 expression for overall survival by Cox proportional hazards model.

Discussion
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Patients with similar clinicopathological characteristics may also have different outcomes, such as
cancer recurrence, metastasis or death after surgical resection22. In other words, the tumor behavior of
lung adenocarcinoma cannot be reliably predicted by current diagnostic markers. In recent years, an
increasing number of scholars have emphasized new biomarkers, targeting sites and pathways in lung
adenocarcinoma via transcriptomics, which may help establish personalized treatments and lessen the
morbidity of patients with lung adenocarcinoma23. Thus, the identi�cation of predictive and prognostic
biomarkers and the potential application of personalized drugs are important for the rehabilitation of
patients with lung adenocarcinoma.

The present study suggests that Grb14 is an oncogene that plays an important role in in lung
adenocarcinoma progression. Moreover, the increased expression of Grb14 may e�ciently predict
survival in patients with lung adenocarcinoma.

It has been demonstrated that Grb14 is upregulated in primary cancers24 and that Grb14 is overexpressed
in tumor tissue compared to nontumor tissue19. Silencing Grb14 can decrease the ability of tumor cells to
proliferate, form colonies and induce tumor formation in nude mice19. In the present study, we found via
immunohistochemistry that the expression of Grb14 protein in lung cancer tissues was signi�cantly
higher than that in paired adjacent tissues. The survival of patients with lung adenocarcinoma with high
Grb14 expression was signi�cantly shorter than that of patients with low Grb14 expression. These
�ndings were consistent with the results from previous studies on other tumor types. Thus, we
hypothesized that high Grb14 expression is associated with poor prognosis in lung cancer. Grb14 acts by
increasing the ability of lung adenocarcinoma cells to proliferate, invade, migrate and form colonies.
However, further studies are needed to validate this hypothesis.

Some studies have revealed that the upregulation of Grb14 is also signi�cantly associated with high
tumor grade and poor overall survival in patients with primary breast cancer, colon cancer and thyroid
cancer. Our results indicate that high Grb14 expression is an independent predictor of shorter survival.
Kaplan-Meier plots and the Cox proportional hazards model were used to evaluate the association of
Grb14 expression with the outcome of surgical treatment in the TCGA dataset. Statistical analysis
revealed that the increased expression of Grb14 was correlated with shorter survival. However, we failed
to �nd any signi�cant association of Grb14 expression with the clinicopathological characteristics of
patients with lung adenocarcinoma in the TMAs and the TCGA dataset, which could be attributed to the
limited amount of clinical information.

Further analyses with more clinical information are required to better understand the different correlations
of Grb14 expression with the clinicopathological characteristics of patients with lung adenocarcinoma,
which is a heterogeneous multifocal disease.

In conclusion, the �ndings from the present study emphasize the prognostic signi�cance of Grb14 in lung
adenocarcinoma. The results not only provide new insights into the progression of lung adenocarcinoma
but also aid clinicians in designing more personalized treatments for patients with lung adenocarcinoma.
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Figure 1

Immunohistochemical staining for Grb14 in lung adenocarcinoma tissues and adjacent noncancerous
lung tissues in our TMA. (A) Immunohistochemical staining for Grb14 in the TMA. (B) The expression
level of Grb14 in the lung adenocarcinoma tissues was signi�cantly higher than that in the noncancerous
lung adenocarcinoma tissues (lung adenocarcinoma 6.07±1.01 vs. benign 4.80±1.22; P<0.01). (C and D)
Immunohistochemical staining of Grb14 occurred in the stroma between cancer cells, but moderate
staining was observed in the benign lung tissues. (E) High Grb14 staining was observed in the cytoplasm
of cancer cells. (F) Low Grb14 staining was observed in the cytoplasm of normal lung tissue samples. (E)
and (F) are enlarged images of the D3 and C4 �elds. The red arrows in (E) and (F) indicate positively
stained cells.
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Figure 2

Kaplan-Meier survival curves indicating the overall survival of lung adenocarcinoma patients with high
and low Grb14 expression. Overall survival in the high and low Grb14 expression groups was 41.59 ± 5.2
and 88.67 ± 16.69 months, respectively.


