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Abstract: The Delta-like 1 homolog (DLK1) gene is a paternal imprinting gene located on human chromosome
1432, a site associated with frequent chromosomal mutations in GIST. The expression level of DLK1 is closely
associated with the outcome of tumours. However, no study has reported the DLK1 expression in GIST. Here, we
demonstrated that DLK1 showed low expression in GIST patients with low risk according to the modified National
Institute of Health (NIH) criteria. With increasing tumour risk level, DLK1 gene and protein expression levels gradu-
ally increased. In the test cohort, tissue microarray data showed that DLK1 protein expression was significantly as-
sociated with tumour size, mitotic figure count, NIH risk level, and Ki67 expression. In terms of either disease-free
survival (DFS) or overall survival (OS), the long-term outcome was significantly better in DLK1-negative patients than
in DLK1-positive patients. Univariate and multivariate analyses suggested that DLK1 expression was an independ-
ent risk factor influencing tumour DFS. Additionally, for intermediate/high-risk GIST patients received postoperative
IM adjuvant therapy, Kaplan-Meier analysis showed that IM adjuvant therapy was associated with a better outcome
in DLK1-negative patients than in DLK1-positive patients. All of the above results were verified in the validation co-
hort. Taken together, DLK1 is a promising prognostic biomarker for GISTs that may help to predict surgical outcomes

and guide adjuvant IM therapy.
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Introduction

Gastrointestinal stromal tumour (GIST) is the
most common mesenchymal tumour in the
gastrointestinal tract. Among malignancies of
the digestive tract, GIST can occur throughout
the tract system, most preferentially in the
stomach (50-70%), followed by the small intes-
tine (20-30%), with an incidence only second to
gastric and colorectal tumours [1]. Thus far, it is
clear that functional acquired mutation of the
tyrosine kinase receptor encoded by the c-kit
gene is an important mediating factor in the
development of GIST. However, this mechanism
alone cannot fully explain all the problems re-
garding GIST development and progress. It has
been found that activating mutations of the
c-kit gene already exist in early GISTs. The pro-
portion of early GISTs with c-kit gene mutations

(85%) is similar to that of advanced GISTs
(86%). The vast majority of these early tumours
with c-kit gene mutations have long-term stabil-
ity, namely, these patients are in a healthy state
of tumour-bearing survival. Only a small propor-
tion of such tumours may undergo progressive
growth, forming highly malignant tumours [2].
The above fact suggests that c-kit gene muta-
tion is merely an important early event in the
course of GIST rather than the main factor trig-
gering the malignant potential of intermediate/
advanced GIST. Additionally, the resistance of
GIST to targeted imatinib mesylate (IM) therapy
also demonstrates that the disease progres-
sion of GIST is not simply determined by the
c-kit gene. In addition to the c-kit gene, there
must be other factors that participate in and
ultimately determine the development and out-
come of GIST.
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The Delta-like 1 homolog (DLK1) gene is a pa-
ternal imprinting gene located human chromo-
some 1432, a site associated with frequent
chromosomal mutations in GIST [3]. DLK1-en-
coded proteins are primarily involved in regulat-
ing the differentiation of various cells in early
embryonic development, whereas in the gas-
trointestinal tract of healthy adults, there is
almost no DLK1 expression [4]. In recent years,
researchers have begun to observe the effect
of DLK1 as an oncogene or anti-oncogene in
tumour development and progression. Abnor-
mal expression of DLK1 has especially been
found in tumours with neuroendocrine fea-
tures, such as human neuroglioma and small
cell lung carcinoma [5-7]. Moreover, the expre-
ssion level of DLK1 is closely associated with
the outcome of tumours [8]. However, no study
has reported the DLK1 expression in GIST.

In this study, the presence of DLK1 gene and
protein expression in fresh GIST tissue was
examined by quantitative real-time PCR (qRT-
PCR) and Western blotting analysis. The DLK1
expression level in GIST tissue was assayed by
a large-scale tissue microarray and immunohis-
tochemical (IHC) staining in a test cohort and
a validation cohort. Further, clinicopathological
and follow-up data were combined to assess
the relationship of DLK1 with the surgical out-
come of GIST patients and the efficacy of IM
adjuvant therapy.

Materials and methods
Patients and specimens

The present study was designed according to
the REMARK guidelines for reporting prog-
nostic biomarkers in oncology [9]. Patient in-
clusion and exclusion criteria were as follows:
(1) postoperative confirmation of GIST by path-
ological examination (IHC analysis of tumour
tissue showed CDZ117-positive staining); (2)
clinical exclusion of a history of other associat-
ed tumours; (3) surgery meeting the standard
for radical (RO) resection; (4) no preoperative
chemotherapy, radiotherapy, and other anti-
tumour therapies; and (5) complete clinico-
pathological and postoperative follow-up data.
All tumour tissue specimens and clinical data
used in the study were acquired from Renji
Hospital, which is affiliated with Shanghai Jiao-
tong University School of Medicine, Shanghai,
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China. The hospital ethics committee had ap-
proved the use of the data.

In accordance with the revised version of the
2008 NIH criteria [10], fresh-frozen tumour tis-
sue specimens were collected from 36 GIST
patients with different risk levels (15 cases
of low risk, 11 cases of intermediate risk, and
10 cases of high risk) as the discovery cohort.
DLK1 mRNA and protein expression was de-
tected in the tumour tissue by qRT-PCR and
Western blotting analysis. The specimens were
taken from consecutive GIST patients who were
admitted to Renji hospital and treated by radi-
cal resection from November 2013 to April
2014, including 27 cases of gastric GIST and 9
cases of non-gastric GIST. Additionally, paraf-
fin-embedded tumour tissue specimens were
collected from 412 consecutive GIST patients
included in the study, who were admitted to
Renji Hospital, and were treated by radical
resection from May 2005 to November 2013.
These paraffin-embedded tumour tissue speci-
mens were used to prepare tissue microarrays
for IHC analysis. Of these, 266 GIST patients
treated in the General Hospital were designat-
ed as the test cohort, and the remaining 146
GIST patients treated in the West Branch Hos-
pital during the same period were designated
as the validation cohort.

The study involved the following clinicopatho-
logical parameters: age, gender, tumour loca-
tion, tumour size, mitotic figure count [num-
ber of mitotic figures/50 high-power fields
(HPF)], tumour rupture, histological type, mu-
tation analysis, and Ki67 expression in the
tumour tissue. For all patients included in the
study, the tumour was divided into very low-
risk, low-risk, intermediate-risk, and high-risk
groups according to the NIH risk classifica-
tion [10]. Details on the clinicopathological fea-
tures of patients in the test and validation
cohorts are presented in Table 1. Since 2008,
we began recommending continuous adjuvant
therapy with 400 mg/day IM to intermediate/
high-risk GIST patients post RO resection. The
IM adjuvant therapy lasted for at least a year,
and patients were required to undergo KIT and
PDGFRA mutation detection prior to the adju-
vant therapy. Among the patients included in
the study, a total of 247 patients received ge-
ne mutation detection (test cohort, 149 cases;
validation cohort, 98 cases), of which 66 pa-
tients received postoperative adjuvant therapy
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Table 1. Clinical characteristics of GIST patients in test and

validation cohort
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Variable Test cohort (%) Validation cohort (%) P
N =266 N =146 value

Age (year)
<60 144 (54.1) 80 (54.8) 0.918
> 60 122 (45.9) 66 (45.2)

Gender
Male 146 (54.9) 77 (52.7) 0.681
Female 120 (45.1) 69 (47.3)

Tumor site
Stomach 156 (58.6) 82 (56.2) 0.614
Small bowel 74 (27.8) 47 (32.2)
Others 36 (13.5) 17 (11.6)

Tumor size (cm)
<20 28 (10.5) 9 (6.2) 0.466
2.1-5.0 104 (39.1) 59 (40.4)
5.1-10.0 84 (31.6) 52 (35.6)
>10.0 50 (18.8) 26 (17.8)

Mitoses per 50 HPFs
<5 199 (74.8) 109 (74.7) 0.763
5-10 33(12.4) 21 (14.4)
> 10 34 (12.8) 16 (11.0)

Modified NIH criteria
Very low risk 25 (9.4) 7 (4.8) 0.310
Low risk 100 (37.6) 52 (35.6)
Intermediate risk 37 (13.9) 25 (17.1)
High risk 104 (39.1) 62 (42.5)

Tumor rupture
No 237 (89.1) 128 (87.7) 0.746
Yes 29 (10.9) 18 (12.3)

Histological type
Fusiform 184 (69.2) 95 (65.1) 0.642
Epitheliod 47 (17.7) 31(21.2)
Mixed 35(13.2) 20 (13.7)

DLK1
Negative 174 (65.4) 86 (58.9) 0.201
Positive 92 (34.6) 60 (41.1)

Kie7
Negative 231 (86.8) 126 (86.3) 0.881
Positive 35(13.2) 20 (13.7)

Tumor mutation type 0.667
KIT exon 11 101 (67.8) 72 (73.5)
KIT exon 9 13 (8.7) 5(5.1)
PDGFRA 20(13.4) 11 (11.2)
Wide type 15 (10.1) 10 (10.2)

Imatinib adjuvant therapy
No 225 (84.6) 121 (82.9) 0.675
Yes 41 (15.4) 25(17.1)
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with IM (test cohort, 41 cases;
validation cohort, 25 cases).
Moreover, all GIST patients
received a postoperative fol-
low-up through outpatient vis-
its, with physical examination
and abdominal ultrasonogra-
phy every three months. Post-
operative examination by ab-
dominal and pelvic computed
tomography or magnetic reso-
nance imaging was required
every six months for two years
and once a year thereafter.
During the follow-up period,
suspected tumour recurrences
were immediately examined for
diagnosis. The last follow-up
time was March 2014 in all
cases. Disease-free survival
(DFS) was defined as the period
from the date of tumour resec-
tion to the detection of tumour
recurrence or last observation.
The overall survival (0S) was
calculated from the length of
time between surgery and dea-
th or the last follow-up exami-
nation. The test cohort had an
overall median follow-up period
of 42 months (range, 4-106
months), in which patients of
the IM adjuvant therapy group
had a median follow-up period
of 33 months (range, 8-65
months). The validation cohort
had an overall median follow-
up period of 45 months (range,
4-106 months), in which pa-
tients of the IM adjuvant the-
rapy group had a median fo-
llow-up period of 34 months
(range, 5-63 months).

qRT-PCR

RNA was extracted from 36
fresh GIST tissues with Trizol
(Invitrogen) using standard pro-
tocols. Reverse-transcription re-
actions were performed with
random primers and M-MLV
Reverse Transcriptase (Invitro-
gen, CA). Gene expression was
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quantified using the SYBR green method. The
primers were as follows: DLK1, forward CTT-
TCGGCCACAGCACCTAT, reverse CCTCGCAGA-
ATCCATTTTGGG; and pB-actin, forward GCAC-
CCAGCACAATGAAGA, reverse CGATCCACACG-
GAGTACTTG. gRT-PCR was performed on a
StepOnePlus instrument (Applied Biosystems,
Foster City, CA, USA). Transcript levels were
analysed using comparative cycle threshold
numbers and were normalised to B-actin.

Western blotting analysis

Total proteins were extracted from fresh-frozen
tumour tissue specimens of six GIST patients
(low-risk, three cases; high-risk, three cases) of
the discovery cohort. The concentration of pro-
tein extracts was measured using a Bio-Rad
protein assay kit (BioRad, Hercules, CA, USA).
An equal amount of total protein (50 pg) was
separated by 10% sulphate polyacrylamide
gels and then electroblotted to a nitrocellulose
membrane. Beta-actin was used as a loading
control. The membrane was blocked with 5%
dry milk in Tris-buffered saline for 1 h, follow-
ed by incubation with the DLK1 primary anti-
body (1:1,000, Abcam, Cambridge, UK) over-
night at 4°C. Signals on the membranes were
detected by an Odyssey infrared imaging sys-
tem (LI-COR, Lincoln, NE) after incubating with
a labelled polymer-HRP anti-rabbit secondary
antibody (Dako, Carpinteria, CA, USA) for 1 h
at room temperature. Quantification was con-
ducted using ImagelJ software.

Tissue microarray and immunohistochemistry

The tissue microarrays were developed by
Suzhou Xinxin Biotechnology Co., Ltd (Xinxin
Biotechnology Co, Suzhou, China). Tissue par-
affin blocks of GIST samples were stained with
hematoxylin-eosin to confirm the diagnoses
and marked at fixed points with most typi-
cal histological characteristics under a micro-
scope. Two 1.6-mm cores per donor block were
transferred into a recipient block tissue micro-
array, and each dot array contained fewer than
160 dots. Three-micron-thick sections were cut
from the recipient block and transferred to
glass slides with an adhesive tape transfer sys-
tem for ultraviolet cross linkage. The slides
were baked at 56°C for 1 h, de-paraffinised
in xylene for 20 min, and rehydrated through
a graded series of ethanol concentrations (5
min in 100% ethanol, followed by 5 min in 70%
ethanol). Antigen retrieval was performed in a
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pressure cooker for 5 min with Target Retrie-
val Solution (Dako, Carpinteria, CA, USA). Endo-
genous peroxidase activity was blocked using
a peroxidase blocking reagent (Dako, Carpin-
teria, CA, USA) for 5 min. Next, a DLK1 anti-
body (1:150, Abcam, Cambridge, UK) was ap-
plied to cover the specimens for 1 h at room
temperature, followed by incubation with anti-
rabbit secondary antibody (Dako, Carpinteria,
CA, USA) for 30 min at room temperature.
Thorough rinsing with Tris-buffered saline and
Tween 20 was performed after this incubation.
The slides were visualised using diaminobenzi-
dine substrate-chromogen (Dako, Carpinteria,
CA, USA) and were washed with deionised
water before hematoxylin counterstaining. The
slides were then dehydrated through an upstag-
ing series of ethanol concentrations, cleared in
xylene, and coverslipped with Digital Picture
Exchange mounting medium (Leica Biosystems,
Wetzlar, Germany).

The expression of DLK1 was quantified by two
independent pathologists, and scoring was
conducted according to the ratio and intensity
of positive-staining cells: 0O, if no staining was
observed; 1+, if > 25% of the tumour cells had
weak or moderate staining intensity; and 2+, if
the tumour cells had strong staining intensity.
Given the heterogeneity of protein expression
in the tumour cells, the highest scoring from
either of the TMA cores was considered the
final result. Tumours with 1+ and 2+ express-
ion were interpreted as positive, and tumours
with no expression (O score) were interpreted
as negative.

Statistical analysis

Statistical analyses were performed with SPSS
20.0 for Windows (Chicago, IL, USA), and the
results were expressed by the mean + SEM.
For comparisons, one-way analyses of variance
and chi-squared tests were performed when
appropriate. The OS and DFS were calculated
according to the Kaplan-Meier method. The log-
rank test was used to compare the survival dis-
tributions. Univariate and multivariate analyses
were based on the Cox proportional hazards
regression model. Only variables that were sig-
nificantly different in univariate analysis were
entered into the next multivariate analysis. All
statistical tests were two-sided. P-value differ-
ences < 0.05 were considered statistically sig-
nificant.
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Figure 1. DLK1 expression in GIST tissues. A: DLK1 mRNA levels in GIST tissues of high-risk group were significantly
higher than those of low-risk or intermediate-risk group (P = 0.008 and P = 0.039). B: DLK1 protein expression in 3

low-risk and 3 high-risk GIST tissues. C: Representative image of no DLK1 expression in GIST tissues was defined as
negative staining. Original magnification: x200. D: Representative images of strong DLK1 expression in GIST tissues

were defined as positive staining. Original magnification: x200.

Results

DLK1 expression increases with increasing
tumour risk level of GIST

DLK1 expression in tumour tissue was exam-
ined by gRT-PCR analysis among 36 GIST
patients with different risk levels. With increas-
ing tumour recurrence risk, the DLK1 mRNA
relative expression level (2°2Y) exhibited a grad-
ual upward trend in the low-risk group (includ-
ing extremely low-risk and low-risk groups in
the NIH classification), intermediate-risk group,
and high-risk group (P = 0.008). The DLK1
expression levels were 0.001 + 0.001 in the
low-risk group, 0.061 + 0.033 in the intermedi-
ate-risk group, and 0.131 + 0.045 in the high-
risk group. Pairwise comparisons between the
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groups showed that the high-risk group had a
significantly higher DLK1 mRNA expression
level than that of the low-risk group (P = 0.032)
(Figure 1A). High-risk and low-risk GIST tissue
specimens (three each) were randomly select-
ed from the above 36 specimens for Western
blotting analysis of DLK1 protein expression.
Similarly, the results showed that DLK1 expre-
ssion in the tumour tissue was significantly
higher in the high-risk GIST group than in the
low-risk GIST group (Figure 1B).

DLK1 expression in tumour tissue is an inde-
pendent risk factor for GIST outcome

Based on the discovery cohort, large-scale tis-
sue microarray analysis was performed to de-
tect DLK1 protein in paraffin-embedded tu-
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Table 2. Relationship between DLK1 expression and clinicopathologic features of GIST patients in
test and validation cohort

Test cohort (n = 266) Validation cohort (n = 146)
Variable DLK1 DLK1
- — P value - — P value
Negative (%) Positive (%) Negative (%) Positive (%)
Age (year)
<60 88 (61.1) 56 (38.9) 0.122 48 (60.0) 32 (40.0) 0.866
> 60 86 (70.5) 36 (29.5) 38 (57.6) 28 (42.4)
Gender
Male 90 (61.6) 56 (38.4) 0.195 47 (61.0) 30 (39.0) 0.616
Female 84 (70.0) 36 (30.0) 39 (56.5) 30 (43.5)
Tumor site
Stomach 109 (69.9) 37 (30.1) 0.182 55 (67.1) 27 (32.9) 0.075
Small bowel 43 (58.1) 31 (41.9) 23 (48.9) 24 (51.1)
Others 22 (61.1) 14 (38.9) 8 (47.1) 9 (52.9)
Tumor size (cm)
<2 26 (92.9) 2(71) < 0.001* 7 (77.8) 2(22.2) 0.004*
>2&<5 76 (73.1) 28 (26.9) 43 (72.9) 16 (27.1)
>5&<10 48 (57.1) 36 (42.9) 27 (51.9) 25 (48.1)
> 10 24 (48.0) 26 (52.0) 9 (34.6) 17 (65.4)
Mitoses per 50 HPFs
<5 147 (73.9) 52 (26.1) < 0.001* 74 (67.9) 35(32.1) 0.001~*
>5&<10 16 (48.5) 17 (51.5) 6 (28.6) 15 (71.4)
> 10 11 (32.4) 23 (67.6) 6 (37.5) 10 (62.5)
Modified NIH criteria
Very low risk 23 (92.0) 2 (8.0) < 0.001* 6 (86.7) 1(14.3) 0.002*
Low risk 77 (77.0) 23(23.0) 39 (75.0) 13 (25.0)
Intermediate risk 28 (75.7) 9(24.3) 15 (60.0) 10 (40.0)
High risk 46 (44.2) 58 (55.8) 26 (41.9) 36 (58.1)
Tumor rupture
No 159 (67.1) 78 (32.9) 0.146 73 (57.0) 55 (43.0) 0.307
Yes 15 (51.7) 14 (48.3) 13 (72.2) 5 (27.8)
Histological type
Fusiform 124 (67.4) 60 (32.6) 0.589 59 (62.1) 36 (37.9) 0.546
Epitheliod 29 (61.7) 18 (38.3) 16 (51.6) 15 (48.4)
Mixed 21 (60.0) 14 (40.0) 11 (55,0) 9 (45.0)
Kie7
Negative 159 (68.8) 72 (31.2) 0.004* 81 (64.3) 45 (35.7) 0.001~*
Positive 15 (42.9) 20 (57.1) 5 (25.0) 15 (75.0)
Tumor mutation type
KIT exon 11 55 (54.5) 46 (45.6) 0.388 46 (63.9) 26 (36.1) 0.606
KIT exon 9 6 (46.2) 7 (53.8) 3(60.0) 2 (40.0)
PDGFRA 12 (60.0) 8 (40.0) 5 (45.5) 6 (54.5)
Wide type 5(33.3) 10 (66.6) 5 (50.0) 5 (50.0)
* P <0.05.
mour tissue specimens of GIST. In the test In the validation cohort, DLK1 showed negative
cohort, DLK1 showed negative expression (Fig- expression in 86 patients (58.9%) and positive
ure 1C) in 174 patients (65.4%) and positive expression in 60 patients (41.1%). The positive
expression (Figure 1D) in 92 patients (34.6%). expression ratio of DLK1 in the test cohort was
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Figure 2. Prognostic significance of DLK1 expression in GISTs was assessed by Kaplan-Meier method and log-rank
test. A: Comparisons of disease-free survival (DFS) between DLK1 negative and positive groups in the test cohort (P

< 0.001). B: Comparisons of DFS between DLK1 negative and positive groups in the validation cohort (P = 0.001).
C: Comparisons of overall survival (OS) between DLK1 negative and positive groups in the test cohort (P < 0.001).
D: Comparisons of OS between DLK1 negative and positive groups in the validation cohort (P = 0.002).

similar to that in the validation cohort (P =
0.201). The relationship between the DLK1
expression and clinicopathological features of
GIST patients is shown in Table 2. In the test
cohort, DLK1 expression level in tumour tissue
was closely associated with tumour size (P <
0.001), mitotic figure count/50 HPF (P < 0.001),
NIH risk level (P < 0.001), and Ki67 expression
(P = 0.004); however, DLK1 expression level
was independent of patient age (P = 0.122),
gender (P =0.195), tumour location (P = 0.182),
tumour rupture (P = 0.146), histological type (P
= 0.589), and gene mutation type (P = 0.388).
The above results were verified in the validation
cohort.

The DFS and OS survival curves of patients
were plotted and compared between the DLK1-
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negative and DLK1-positive groups (Figure
2). In both the test and validation cohorts,
DLK1-negative patients had significantly higher
DFS and OS rates than DLK1-positive patients.
In the test cohort, the five-year DFS and OS
rates of DLK1-negative patients were 94.7%
and 97.0%, respectively, which was significant-
ly higher than those of DLK1-positive pa-
tients, 65.8% and 76.2%, respectively (P <
0.001). Similarly, in the validation cohort, DLK1-
negative patients had significantly higher five-
year DFS and OS rates than DLK1-positive pa-
tients (five-year DFS rate, 86.8% vs. 64.1%, P =
0.001; five-year OS rate, 94.8% vs. 77.5%, P =
0.002).

Moreover, univariate analysis (Table 3) con-
firmed that in both the test and validation

Am J Cancer Res 2016;6(11):2700-2712



DLK1, a promising biomarker in GIST

Table 3. Univariate analyses of factors associated with disease free survival (DFS) in test and valida-
tion cohort

Test cohort (n = 266) Validation cohort (n = 146)

Variable

DFS hazard ratio (95% Cl) Pvalue  DFS hazard ratio (95% Cl) P value
Age (£ 60, > 60) 1.381 (0.778-2.451) 0.270 1.135 (0.525-2.456) 0.747
Gender (male, female) 0.460 (0.246-0.861 0.015* 0.453 (0.197-1.042) 0.063
Histological type (fusiform, epitheliod, mixed) 1.169 (0.795-1.718 0.428 1.211 (0.741-1.978) 0.445

2.248 (1.353-3.734) 0.002*
Tumor size (£2,>2&<5,>5&<10,>10cm) 3.106 (2.129-4.531 <0.001* 4.196 (2.365-7.444) <0.001*
3.225 (2.341-4.444 <0.001* 3.678 (2.361-5.730) <0.001*
3.534 (1.864-6.702) 0.008* 5.135(2.329-11.322) < 0.001*
6.773 (3.788-12.110) < 0.001* 8.979 (4.096-19.683) < 0.001*
1.357 (1.173-1.570) < 0.001* 1.892 (1.247-2.871) 0.003*

)
)
Tumor site (stomach, small bowel, colon, others) 1.615 (1.109-2.354) 0.013*
)
)

Mitosis count (£ 5, >5 & <10, > 10/50 HPF)
Tumor rupture (yes, no)

Ki67 (negative, positive)

DLK1 (negative, positive)

*, P<0.05.

Table 4. Multivariate analyses of factors associated with disease free survival (DFS) in test and vali-
dation cohort

Test cohort (n = 266) Validation cohort (n = 146)
DFS hazard ratio (95% Cl) P value DFS hazard ratio (95% Cl) P value
Tumor site (stomach, small bowel, colon, others) 1.633 (1.116-2.390) 0.012* 2.525 (1.450-4.397) 0.001*
Tumor size (£2,>2&<5,>5&<10,>10cm) 2.354 (1.514-3.661) < 0.001* 3.012 (1.589-5.708) 0.001*
Mitosis count (£ 5, > 5 & <10, > 10/50 HPF) 1.701 (1.163-2.488) 0.006* 2.885(1.685-4.938) < 0.001*
1.969 (1.030-3.766) 0.041* 10.491 (3.785-29.079) < 0.001*

Variable

Tumor rupture (yes, no)

Ki67 (negative, positive)

2.972 (1.605-5.505)

0.001*

DLK1 (negative, positive)

1.486 (1.092-2.023)  0.012*

1.794 (1.078-2.984)  0.024*

*,P<0.05.

cohorts, DLK1 expression was significantly
associated with postoperative recurrence of
GIST (test cohort: hazard ratio = 1.357, P <
0.001; validation cohort: hazard ratio = 1.892,
P = 0.003), in addition to tumour location,
tumour size, mitotic figure count, tumour rup-
ture, and Ki67 expression. Further multivariate
analysis (Table 4) showed that DLK1 expres-
sion was an independent risk factor influencing
tumour DFS (test cohort: hazard ratio = 1.486,
P = 0.012; validation cohort: hazard ratio =
1.794, P = 0.024).

DLK1 expression in tumour tissue can be used
as a predictor for the efficacy of postoperative
IM adjuvant therapy in GIST

A total of 228 patients were pathologically diag-
nosed with intermediate/high recurrence risk
of GIST after surgery (test cohort, 141 cases;
validation cohort, 87 cases). Of these, 66 pa-
tients (test cohort, 41 cases; validation cohort,
25 cases) received postoperative IM adjuvant
therapy. The 66 patients all underwent KIT
and PDGFRA gene testing prior to postopera-
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tive IM adjuvant therapy. KIT exon 11 muta-
tion was detected in 56 patients (84.9%), KIT
exon 9 mutation was detected in seven pa-
tients (10.6%), and PDGFRA mutation was de-
tected in two patients (3.0%), with one wild-
type case (1.5%). According to the DLK1 ex-
pression results, intermediate/high-risk GIST
patients were divided into DLK1-negative and
DLK1-positive subgroups. Postoperative DFS
curves were compared between patients re-
ceived simple surgical treatment and IM adju-
vant therapy within each subgroup (Figure 3). In
the test cohort, 74 (52.5%) patients showed
negative expression of DLK1, and 67 (47.5%)
patients showed positive expression of DLK1.
Within the DLK1-negative subgroup, patients
received IM adjuvant therapy had significantly
higher DFS than those received simple surgi-
cal treatment (five-year DFS rate 81.6% vs.
56.5%, P=0.022) (Figure 3A). Within the DLK1-
positive subgroup, patients received simple
surgical treatment and IM adjuvant therapy
had five-year DFS rates of 51.9% and 49.2%,
respectively, showing no significant difference
on the DFS curve (P = 0.612) (Figure 3B). The
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Figure 3. Correlation between DLK1 expression and the efficacy of imatinib adjuvant treatment in intermediate- and
high-risk GIST patients. A: In the test cohort, among 74 DLK1-negative intermediate- and high-risk GIST patients,
DFS of the patients with imatinib adjuvant treatment was significantly higher than that of the patients without
imatinib adjuvant treatment (P = 0.022). B: In the validation cohort, among 41 DLK1-negative intermediate- and
high-risk GIST patients, DFS of the patients with imatinib adjuvant treatment was significantly higher than that of
the patients without imatinib adjuvant treatment (P = 0.046). C: In the test cohort, among 67 DLK1-positive inter-
mediate- and high-risk GIST patients, there was no significant difference in DFS between the groups with or without
imatinib adjuvant treatment (P = 0.612). D: In the validation cohort, among 46 DLK1-positive intermediate- and
high-risk GIST patients, there was no significant difference in DFS between the groups with or without imatinib ad-
juvant treatment (P = 0.704).

above results were verified in the validation low-risk GIST patients have good outcomes,
cohort (Figure 3C, 3D). Kaplan-Meier analysis and some very small GISTs do not even require
showed that in the DLK1-negative subgroup, clinical intervention, as they do not progress
postoperative IM adjuvant therapy benefited during life-long follow-up. On the contrary, high-
intermediate/high-risk GIST patients relative risk GISTs, as determined pathologically, have
to surgical treatments alone (P = 0.046). How- poor outcomes, and before the advent of IM,
ever, in the DLK1-positive subgroup, IM adju- more than half of patients still had tumour
vant therapy did not improve DFS in interme- recurrence within two years even if the tumour
diate/high-risk GIST patients (P = 0.704). was completely resected by surgery [11]. There-

fore, accurate assessment and prediction for
Discussion postoperative recurrence risk of GIST has great

implications for the clinical guidance of follow-
According to the NCCN guidelines, all GISTs up treatment. Presently, the tumour location,
have malignant potential. However, substantial tumour size, and mitotic figure count are com-
differences exist in the biological behaviours monly used as the major reference indicators
among individual GISTs. The vast majority of for assessing the GIST risk level in clinics. How-
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ever, the above indicators are often easily affe-
cted by subjective factors, such as the experi-
ence of the doctors in pathology [12]. Therefore,
Identifying molecular biomarkers associated
with the recurrence risk of GIST can provide
objective diagnostic indicators for predicting
tumour recurrence, further complementing and
improving the existing risk evaluation criteria
[13, 14].

The DLK1 gene encodes a transmembrane pro-
tein in the epidermal growth factor (EGF) super-
family. The protein structure and amino acid
sequence exhibit high homology with the cor-
responding structures of Notch ligand (Delta) in
Drosophila melanogaster. The transmembrane
protein contains an intracellular signal peptide,
an intermediate transmembrane region and an
extracellular region. The extracellular region is
constituted by four EGF-like tandem repeats
[15]. A large number of experiments have de-
monstrated that DLK1 is involved in regulat-
ing the differentiation of various cells; DLK1
exhibits high expression in the precursors or
stem cells of many tissues. Additionally, DLK1
can be used as a recognition target for isola-
ting and identifying stem cells [16]. Moreover,
DLK1 expressed primarily during early embry-
onic development. As the embryo develops
and matures, the tissue expression of DLK1
gradually decreases. In adult tissues, few cells
express DLK1, especially pancreatic B cells,
adrenal medulla, anterior pituitary, placenta,
testis, and ovary cells. There is no DLK1 ex-
pression in normal adult gastrointestinal tract
tissues [17]. In addition to its normal physiolog-
ical function, DLK1 has received more atten-
tion from researchers for its abnormal expres-
sion in a few tumours. In 1993, Laborda first
discovered and cloned the DLK1 gene from
neuroblastoma cells [18]. In the following stud-
ies of other types of tumours, abnormal expres-
sion of DLK1 was observed in many tumours,
especially those with neuroendocrine proper-
ties [6-7]. Yanai et al. [19] found that different
levels of DLK1 overexpression existed in vari-
ous tumour tissues, as which was revealed by
IHC analysis. In colon, small cell lung, breast,
and pancreatic tumour tissues, the positive
rates of DLK1 in the total cell count were
58.6%, 52.5%, 39.0% and 30.8%, respectively.
Furthermore, DLK1 expression is associated
with the prognostic outcome of a few tumours.
Jin et al. [20] reported that in primary hepatic
cancer, patients with positive DLK1 expression
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in tumour tissue was significantly lower 0S
than those negative for DLK1 expression; mul-
tivariate analysis also showed that positive
expression of DLK1 was an independent risk
factor influencing the survival rate of patients
with hepatic cancer. The above studies suggest
that DLK1 meets the necessary requirements
as a molecular marker for tumour diagnosis.
However, to date, no study has reported DLK1
expression in GISTs.

In this study, tumour specimens were collected
from GIST patients admitted to and treated in
our hospital over approximately the last dec-
ade. Combined with the corresponding clinico-
pathological and follow-up data, the large-scale
screening and validation showed that DLK1 is
a molecular marker that is associated with
the risk level of GIST. First, we detected DLK1
expression in tumour tissue by PCR analysis
of the discovery cohort including 36 GIST pa-
tients with different risk levels. In GIST tumour
tissue of the low-risk group, the DLK1 gene was
expressed at significantly low levels with near-
ly no expression; as the tumour risk level in-
creased, the proportion of patients with a high
expression of DLK1 gene gradually increased.
The mean level of DLK1 gene expression was
significantly higher in the high-risk group than
in the low-risk group. Similarly, the Western
blotting analysis demonstrated that DLK1 pro-
tein expression was significantly higher in tu-
mour tissue of the high-risk GIST group than
the low-risk GIST group. We further verified the
relationship between the expression of DLK1
and the recurrence risk of GIST by large-scale
tissue microarray and IHC analysis in the test
and validation cohorts. A comparative analysis
of the clinicopathological features showed that
the positive expression ratio of DLK1 signifi-
cantly increased with increases in tumour size,
mitotic figure count, NIH rise level, and Ki67
expression. All of the above factors are known
to be pathological indicators that are close-
ly associated with the recurrence risk of GIST
[24, 22]. Thus, our results suggest that DLK1-
positive GISTs have a higher degree of invasive
and malignancy than DLK1-negative GISTs. The
subsequent survival curve analysis further
demonstrated that in either the test or valida-
tion cohort, DLK1-positive patients had signifi-
cantly lower DFS and OS than DLK1-negative
patients. Moreover, COX multivariate survival
analysis showed that DLK1 was an independ-
ent risk factor predicting the postoperative
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recurrence of GIST. Together, the above analy-
sis fully demonstrates that DLK1 exhibits selec-
tive high expression in high-risk tumour tissue
of GIST, and can be served as a prognostic pre-
dictor of GIST patients.

To date, the DLK1 expression level in GISTs
has never been studied; therefore, we do not
know the exact mechanism of action in the
evolution of this disease. We do know from
the literature, however, that DLK1 has high
homology with the ligand Delta of the Notch
signalling pathway. Although DLK1 lacks a
DSL domain to bind Notch, it still can bind
the Notch receptor through the extracellular
EGF-like tandem structure of Notch. This pro-
cess competitively inhibits the binding of other
ligands to Notchl, playing a regulatory role in
the Notch pathway [23]. Furthermore, DLK1 is
able to regulate the bioactivity of insulin-like
growth factor (IGF) through binding IGF bind-
ing proteins [24]. Through the above mecha-
nisms, DLK1 is involved in regulating various
cellular differentiation processes and is asso-
ciated with the proliferation activity of tumour
cells as well as the regulation of the cell cycle
[25, 26]. In the present study, we also found
that DLK1 expression was associated with cell
proliferation cycle-related indicators, such as
mitotic figure count and Ki67 expression. This
observation suggests that high expression of
DLK1 may increase the proliferation activity of
GIST tumour cells and enhance the malignant
potential of the tumour. However, the above
speculations about the functional mechanism
of DLK1 in GIST must be verified through fur-
ther in vitro and in vivo studies.

In addition to the effect on GIST recurrence
risk, the present study found that a significant
difference existed in the efficacy of postopera-
tive IM adjuvant therapy between DLK1-ne-
gative and DLK1-positive patients. It was con-
firmed in both the test and validation cohorts
that DLK1-negative patients receiving postop-
erative IM adjuvant therapy had a significant-
ly higher DFS than those receiving simple sur-
gical treatment. Among the DLK1-positive pa-
tients, however, there was no significant differ-
ence in the DFS curve between the IM adjuvant
therapy and simple surgical treatment sub-
groups. According to ACOSOG Z9001, the US
Federal Drug Administration and the European
Medicines Agency approved IM for postopera-
tive adjuvant therapy of intermediate/high-risk
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GIST, and IM has become the standard postop-
erative treatment regimen for GIST [27]. How-
ever, an accurate assessment of the drug effi-
cacy prior to IM adjuvant therapy is essential
because of the high cost of treatment and side
effects of drugs in targeted drug therapy. The
present study suggests that in addition to
the currently used KIT and PDGFRA gene muta-
tion tests, DLK1 could be used as a poten-
tial biomarker for precise guidance of IM adju-
vant therapy. For intermediate/high-risk GIST
patients with negative expression of DLK1,
postoperative IM adjuvant therapy significantly
reduced the long-term recurrence rate; howev-
er, for patients with positive expression of
DLK1, the efficacy of IM adjuvant therapy was
not significant. It is worth noting that the vast
majority of patients in the present study only
received one year of IM adjuvant therapy and
that DLK1-positive patients suffering tumour
recurrence all had the recurrent event after
withdrawal of IM. Thus, future studies should
examine whether the period of postoperative
IM adjuvant therapy should be extended or if
other targeted therapies should be selected
for intermediate/high-risk GIST patients.

In conclusion, the present study examined the
differential expression of DLK1 in RO resection
specimens from GIST tumour tissues of differ-
ent risk levels. The results showed that the
DLK1 expression was significantly increased
in high-risk GISTs and was closely associated
with the prognostic outcome of DLK1 patients
as well as the efficacy of IM adjuvant therapy.
In addition to the NIH risk classification, DLK1
expression can be used as an effective molecu-
lar biomarker to assess the recurrence risk of
GIST in patients after surgery. Moreover, DLK1
has guidance value for individualised postop-
erative IM adjuvant therapy of GIST.
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