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Circulating Tumor Cells Expressing
Krüppel-Like Factor 8 and Vimentin as
Predictors of Poor Prognosis in Pancreatic
Cancer Patients
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Abstract

Background: Circulating tumor cells (CTCs) with an epithelial-mesenchymal transition phenotype in peripheral blood may be a
useful marker of carcinomas with poor prognosis. The aim of this study was to determine the prognostic significance of CTCs
expressing Krüppel-like factor 8 (KLF8) and vimentin in pancreatic cancer (PC).

Methods: CTCs were isolated by immunomagnetic separation from the peripheral blood of 40 PC patients before undergoing
surgical resection. Immunocytochemistry was performed to identify KLF8þ and vimentinþ CTCs. The associations between
CTCs and time to recurrence (TTR), clinicopathologic factors, and survival were assessed. Univariate and multivariate analyzes
were performed to identify risk factors.

Results: Patients with CTCs (n ¼ 30) had a higher relapse rate compared to those without (n ¼ 10) (70.0% vs 20.0%; P < 0.01).
The proportion of KLF8þ/vimentinþ CTCs to total CTCs was inversely related to TTR (r ¼ �0.646; P < 0.01); TTR was reduced
in patients with > 50% of CTCs identified as KLF8þ/vimentinþ (P < 0.01). Independent risk factors for recurrence were perineural
invasion and > 50% KLF8þ/vimentinþ CTCs (both P < 0.05).

Conclusion: Poor prognosis can be predicted in PC patients when > 50% of CTCs are positive for KLF8 and vimentin.
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circulating tumor cells, Krüppel-like factor 8, pancreatic cancer, prognosis, recurrence, vimentin

Received March 11, 2020. Received revised March 31, 2021. Accepted for publication May 30, 2021.

Introduction

Pancreatic adenocarcinoma is the most lethal of the solid

tumors and the fourth leading cause of cancer-related death

in North America,1 with a 5-year relative survival rate of

*6%.2 Pancreatic cancer (PC) has a poor prognosis due to

delayed diagnosis. Early diagnosis is the most important factor

for improving prognosis.3 Fewer than 20% of patients are eli-

gible for surgery because the disease is often diagnosed at an

advanced stage,4,5 and neoadjuvant/adjuvant chemotherapy is

often inadequate. However, the treatment outcome can be dra-

matically improved if PC is detected at an early stage, prior to
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metastasis.6-8 Nevertheless, early detection of PC is limited by

the absence of specific clinical biomarkers and noninvasive

screening tests.7

Circulating tumor cells (CTCs) in peripheral blood are

linked to the development of metastases,9 and have been used

for monitoring patients with solid tumors.10,11 CTCs are

increasingly being used as a prognostic tool for PC12 because

of their specificity and stability.13 However, CTCs are a het-

erogeneous population comprised of various molecular sub-

types.14-16 Therefore, markers of epithelial–mesenchymal

transition (EMT), which regulates the generation, survival, and

recolonization of CTCs, represent a potential target for clinical

evaluation.17,18 One such marker of EMT is the intermediate

filament protein vimentin, which is involved with microtenta-

cle formation during EMT.19 The abundance of clinical data

linking vimentin to poor patient outcome.20 Additionally,

Krüppel-like factor 8 (KLF8) has been implicated in EMT and

invasion.21 KLF8 is a GT-box-binding dual transcription factor

that also regulates cell cycle progression22-26 and transforma-

tion.27 Indeed, KLF8 is highly expressed in breast,28 sto-

mach,29 ovary,24 brain,30 kidney,31 and liver32,33cancers, but

barely detectable in normal epithelial cells.21,27 KLF8 overex-

pression promotes the growth of human lung cancer cells by

promoting the expression of JMJD2A34 and regulates glycoly-

sis by targeting GLUT4 in gastric cancer.35 The level of KLF8

expression predicts prognosis and metastasis in various

carcinomas.36

Few studies have investigated the expression of KLF8 and

vimentin in PC. The aim of this study was to assess their

expression in CTCs from peripheral blood and their association

with patient prognosis. We found that poor prognosis can be

predicted in PC patients when > 50% of CTCs staining positive

for KLF8 and vimentin.

Materials and Methods

Patient Population and Clinical Data

This study included 40 randomly selected patients (53 +
10 years of age) preoperatively diagnosed with PC between

July 2011 and June 2013 at the Department of General Surgery,

Affiliated Changzheng Hospital of the Second Military

Medical University, Shanghai, China. The inclusion criteria

were: 1) patients undergoing pancreaticoduodenectomy,

extended pancreaticoduodenectomy, pylorus-preserving pan-

creaticoduodenectomy, or total pancreatectomy; 2) patients with-

out metastatic or residual disease in other organs before surgery as

shown by whole-body computed tomography, magnetic reso-

nance cholangiopancreatography, or 18F-fluorodeoxyglucose

positron emission tomography; 3) patients who had not received

preoperative radiotherapy or chemotherapy. Patients were treated

postoperatively (within 2 mo) with gemcitabine or gemcitabine-

based chemotherapy, which continued for at least 6 mo. For com-

parison, 10 healthy donors and 5 patients with benign pancreatic

disease were enrolled as controls.

Detailed clinicopathologic and outcome data were collected

from medical records and radiographic images obtained at our

hospital (Table 1). PC was classified according to the American

Joint Committee on Cancer/International Union against Can-

cer. All subjects provided written informed consent prior to

study enrollment. The study was approved by local institutional

review boards.

Blood Samples

Peripheral blood from vein puncture was collected after dis-

carding the first 8 mL to eliminate epithelial cell contamination

from the skin. Blood samples (7 mL in EDTA) were stored at

room temperature and processed within 8 h after collection.

Peripheral blood was collected from PC patients prior to under-

going surgery.

Cell Culture and Spiking Experiments

The AsPC-1 cell line was obtained from the American Culture

Type Collection (Rockville, MD, United States) and main-

tained according to their guidelines. Cells were cultured in

1:1 (v/v) DMEM: Ham’s F12 medium supplemented with

5% horse serum, 30 mM NaHCO3, 10 mg/mL insulin,

500 ng/mL hydrocortisone, 100 ng/mL cholera toxin,

20 ng/mL epidermal growth factor, and 50 mg/mL penicillin/

streptomycin in a humidified atmosphere of 5% CO2. Subcul-

tivation was performed with 0.25% trypsin and 5 mM EDTA.

Table 1. Clinical Characteristics of Pancreatic Cancer Patients (n¼ 40).

Characteristic n %

Sex
Male 30 75
Female 10 25

Age (yr)
< 50 13 33
> 50 27 67

Tumor size (cm)
� 4 16 40
> 4 24 60

TNM stage
I-II 21 53
III-IV 29 47

CA19-9 (kU/L)
� 37 18 45
> 37 22 55

Tumor location
Head 16 40
Body/tail 24 60

Vascular invasion
Absent 18 45
Present 22 55

Perineural invasion
Absent 18 45
Present 22 55

Abbreviations: CA19-9, Cancer antigen 19-9; TNM, Tumor-Node-Metastasis.
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The cell suspensions were only used at a viability > 90% as

assessed by trypan blue exclusion.

Immunomagnetic Separation of CTCs

Peripheral blood mononuclear cells (PBMCs) and tumor cells

were enriched from the whole blood samples by density gra-

dient Ficoll–Paque PLUS (GE Healthcare, Little Chalfont,

Buckinghamshire, United Kingdom) and then further enriched

using the RosetteSep Human CD45 Depletion Cocktail (dilu-

tion at 1:50; StemCell Technologies, Vancouver, BC, Canada)

as previously described.37,38 All procedures were performed

according to the manufacturer’s instructions. A total volume

of 100 mL Dynal CELLection beads (Invitrogen of Thermo

Fisher Scientific, Waltham, MA, United States) coated with

anti-CD45 monoclonal antibody were added to 1 � 107/mL

PBMCs in PBS containing 0.1% bovine serum albumin and

2 mM EDTA. After incubation for 30 minutes at 4�C, the

supernatant was transferred into fetal bovine serum-coated

tubes and cells were cytocentrifuged at 2000 rpm for 5 min

onto polylysine-coated slides. Slides were stored at 4�C until

further use. For method validation, 5 mL of peripheral blood

from healthy donors was spiked with 100 AsPC-1 cells. The

specificity and sensitivity of this method have been validated

previously.39

Immunocytochemical Identification of CTC Subtypes

CTCs slides were fixed with ethyl alcohol for 10 min at room

temperature and incubated overnight at 4�C with mouse anti-

human CK (to detect normal and neoplastic pancreatic cells)

monoclonal antibodies (dilution at 1:100; Santa Cruz Biotech-

nology, Inc., Dallas, TX, United States) along with rat anti-

human CD45 (to detect hematologic cells; dilution at 1:50;

Santa Cruz Biotechnology, Inc.) or rabbit anti-human KLF8

(dilution at 1:100; Abcam, Cambridge, United Kingdom) and

rat anti-human vimentin (dilution at 1:100; Santa Cruz Biotech-

nology, Inc.). The following fluorescence-conjugated second-

ary antibodies were used: Cy5 rabbit anti-mouse IgG (dilution

at 1:400; Pierce of Thermo Fisher Scientific), and Alexa Fluor

488 rabbit anti-rat IgG, Alexa Fluor 647 goat anti-mouse IgG,

Cy3 goat anti-rat IgG, or FITC goat anti-rabbit IgG (dilution at

1:400; Invitrogen). All slides were subsequently stained with

DAPI (dilution at 1:1000; Pierce) and coverslipped in antifade

solution (Vector Laboratories, Inc., Burlingame, CA, United

States). Slides containing a mixture of human PBMCs and

AsPC-1 cells were used for positive controls. The slides were

imaged on a confocal laser-scanning microscope (Leica TCS

SP5 MP; Leica Microsystems, Wetzlar, Germany). Cell counts

are expressed as the number of cells per 7 mL of blood.

Follow-Up and Tumor Recurrence

Postoperative patient surveillance was performed as

described previously.40 The follow-up began the day after

the operation and ended on 30 December 2014 or at the

time of recurrence or death. Patients underwent computed

tomography and assessment of cancer antigen 19-9 levels

every 3 month the first year after surgery, and then every

6 months over the next 2 years. Recurrence was diagnosed

based on these results, with or without histologic confirma-

tion. The interval between the surgery date and the diagno-

sis of recurrence (within or outside the pancreas) was

defined as the time to recurrence (TTR).

Statistical Analysis

All data were analyzed using SPSS 19.0 for Windows (IBM

Corp., Armonk, NY, United States). Continuous variables are

presented as mean + SD. Spearman rank correlation analysis

Figure 1. KLF8 and vimentin expression in AsPC-1 cells spiked in blood of normal volunteers. Representative images showing immunocy-
tochemistry for CK (to detect epithelial cells), CD45 (to discriminate normal hematologic cells), KLF8, and vimentin. KLF8 indicates Krüppel-like
factor 8; PBMCs, peripheral blood mononuclear cells, scale bar, 20 mm.
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was used to examine the associations between CTC subtypes

and clinical characteristics of the patients. Associations

between the cell type ratios and TTR were tested using the

Kaplan-Meier method. Survival rates were compared using the

log-rank test. Univariate and multivariate analyzes were based

on the Cox proportional hazard regression model. Statistical

significance was determined at P < 0.05.

Results

KLF8 and Vimentin Expression in AsPC-1 Cells
and PBMCs of Normal Blood Donors

Due to technical limitations, the isolation of CTCs may also

have some PBMCs.39 Although definitions vary between stud-

ies, it is widely accepted that CTCs lack CD45 and express

cytokeratins.41 In order to determine if the expression of KLF8

and vimentin in PBMCs, PBMC samples from healthy volun-

teers were spiked with AsPC-1 cells and immunostained for

KLF8 and vimentin (Figure 1). Cells positive for CK with a

morphologically intact nucleus were AsPC-1 cells, whereas

CD45þ cells were considered normal hematologic cells.

AsPC-1 cells, but not PBMCs, were immunopositive for KLF8,

whereas both cells types expressed vimentin. There were no

CKþ/KLF8þ, CKþ/vimentinþ, vimentinþ/KLF8þ cells present

in samples from healthy volunteers and no triple-positive

(CKþ/CD45þ/ KLF8þ or CKþ/CD45þ/ vimentinþ) cells iden-

tified in patient samples (data not shown). These results

demonstrated that we can distinguish the expression of KLF8

and vimentin in pancreatic cancer cells and PBMCs, imply the

reliability of expression of KLF8 and vimentin as a marker for

further analysis.

Isolation and Molecular Characterization of CTCs

CTCs were identified in 30/40 (75.0%) PC patients, with an

average of 33 + 15 CTCs/7 mL (range: 7-71 CTCs/7 mL). We

classified the TNM stage of 30 PC patients into I-II stage and

Figure 2. The expression of KLF8 and vimentin in CTCs. A, The number of CTCs in I-II stage and III-IV stage from 30 PC patients. B, The
expression of KLF8 in CTCs from I-II stage and III-IV stage 30 PC patients. C, Representative images showing immunocytochemistry for CK,
KLF, and vimentin; KLF8þ/vimentinþ (red arrows), KLF8þ/vimentin- (white arrows), KLF8-/vimentinþ (yellow arrows), and KLF8-/vimentin-

(purple arrows) CTCs. D, The ratio of various positive cells in CTCs from 30 pancreatic cancer patients. CTC indicates circulating tumor cell;
KLF8, Krüppel-like factor 8, Scale bar, 20 mm.

4 Cancer Control



III-IV stage (Table 1). The number of CTCs had a positive

correlation with the TNM stage (Figure 2A). Furthermore, the

expression of KLF8 had a positive correlation with the TNM

stage (Figure 2B). No CTCs were detected in samples from the

10 healthy donors or 5 patients with benign liver disease.

Among the 30 patients with CTCs, 4 phenotypes were identi-

fied by immunocytochemistry: KLF8þ/vimentinþ (Figure 2C,

the red arrow indicated), KLF8þ/vimentin- (Figure 2C, the

white arrow indicated), KLF8-/vimentinþ (Figure 2C, the yel-

low arrow indicated), and KLF8-/vimentin- (Figure 2C, the

purple arrow indicated), the remaining smaller cells are

PBMCs. KLF8 was detected both in the cytoplasm and in the

nuclei of CTCs, whereas vimentin was only located in the

cytoplasm. The numbers and proportion of phenotypes varied

among the patients (Figure 2D, Table 2). We found the ratio of

KLF8þ/vimentinþ CTCs is higher than KLF8þ/vimentin-,

KLF8-/vimentinþ and KLF8-/vimentin- CTCs in 30 patients

(Figure 2D). By analyzing original data. The average ratio of

KLF8þ/vimentinþ CTCs is 53.6%, the average ratio of KLF8þ/

vimentin- is 12%, the average ratio of KLF8-/vimentinþ is

10.9%, the average ratio of KLF8-/vimentin- is 20.6%. Besides,

the total average ratio of KLF8þ CTCs is 65.6%, the total

average ratio of vimentinþ is 64.5% (Figure 2D). Previous

study reported KLF8 overexpression upregulate Vimentin to

promote the proliferation and invasion of cancer cells.32,42

So, we speculate KLF8 have a close relationship with Vimentin

in CTCs. In other words, KLF8 may upregulate Vimentin in

CTCs. Combining with the higher ratio of KLF8þ/vimentinþ

CTCs. So, we think KLF8þ/vimentinþ CTCs may have more

important clinical value. Then we next focus on KLF8þ/

vimentinþ CTCs.

CTCs as an Indicator of Prognosis in PC Patients

The median duration of follow-up was 13 months (range: 1-18

month). Recurrence was observed in 23/40 (57.5%) patients;

the rate of recurrence was higher in patients with CTCs (21/30;

70.0%) than in those without (2/10; 20.0%) (r ¼ 0.438;

P < 0.01). Furthermore, patients with CTCs had a shorter

recurrence-free survival than those without (log-rank ¼
10.384; P < 0.01) (Figure 3).

CTC Subtypes and Clinical Outcome

TTR was correlated with proportion of KLF8þ/vimentinþ

CTCs (r ¼ �0.646; P < 0.01), but not with the other 3 pheno-

types or with the total numbers of CKsþ, KLF8þ, or vimentinþ

cells. Further analysis revealed that TTR was significantly

reduced in patients in whom > 50% of CTCs were KLF8þ/

vimentinþ compared with those with � 50% (log-rank ¼
10.017; P < 0.01) (Figure 4).

Five clinicopathologic factors were identified as prognos-

tic indicators using univariate analysis: tumor size, Tumor-

node-metastasis stage, vascular invasion, perineural invasion

and > 50% KLF8þ/vimentinþ CTCs (Table 3). A multivari-

ate analysis of these factors confirmed that perineural

invasion (relative risk ¼ 2.984, 95% confidence interval:

1.179-7.553; P < 0.05) and > 50% KLF8þ/vimentinþ CTCs

(relative risk ¼ 4.414, 95% confidence interval: 1.545-

12.611; P < 0.01) were significant independent predictors

of poor survival in PC.

Discussion

The association of poor prognosis in PC patients with the

presence of CTCs has been debated in the literature, with

earlier studies showing a weak association,43,44 and recently

more studies indicating a strong correlation.13,45-48 We col-

lected the samples of 40 PC patients. These patients had

many characteristics, including sex, age, tumor size, TNM

stage, CA19-9, Tumor location, Vascular invasion, Peri-

neural invasion (Table 1). Among them, there are 30

patients harboring CTCs. As showed in Table 3, there are

21 age � 50 and 9 age < 50, 18 tumor size > 4 (cm) and 12

tumor size � 4, 19 KLF8þ/vimentinþ CTCs >50 and

11 KLF8þ/vimentinþ CTCs � 50. The results of this study

also provide further evidence in support of close correlation,

Table 2. KLF8/Vimentin Expression in CTCs From 30 Pancreatic
Cancer Patients.

Patient no. CTCs, n

KLF8/vimentin expression, %

þ/þ þ/� �/þ �/�

1 62 100 0 0 0
2 71 70 10 10 10
3 55 86 0 5 9
4 51 82 2 4 12
5 41 68 10 20 2
6 40 75 0 0 25
7 36 71 19 0 10
8 32 70 0 15 15
9 31 68 25 7 5
10 35 66 10 24 0
11 50 65 5 10 20
12 45 63 10 0 27
13 30 62 15 10 13
14 26 60 2 0 38
15 28 58 20 20 2
16 31 54 10 10 26
17 42 4 30 0 30
18 39 3 25 30 15
19 26 3 0 10 60
20 34 10 30 20 40
21 25 0 0 0 100
22 7 88 0 12 0
23 35 59 11 0 30
24 23 70 0 10 20
25 19 40 20 10 30
26 16 45 25 30 0
27 11 33 12 20 35
28 17 45 20 20 15
29 13 45 25 20 10
30 11 46 24 10 20

Abbreviations: CTC, Circulating tumor cell; KLF8, Krüppel-like factor 8.
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showing a significantly higher recurrence rate and shorter

recurrence-free survival in patients with CTCs. Thus, the

detection of CTCs in PC patients may be useful for identi-

fying those at high risk for relapse. CTCs were examined in

75.0% of PC patients enrolled in the current study, which

was consistent with values reported by Chausovsky49 and

Marrinucci,50 but higher than others.51,52 The discrepancies

may be due to the small sample sizes or differences in

detection and treatment methods.

To provide further information concerning the phenotype of

this heterogeneous population of cells, CTCs were classified into

4 subtypes based on their expression of EMT markers. Initial

experiments confirmed that CTCs can be distinguished from

PBMCs by their expression of both CKs and vimentin. To our

knowledge, this is the first study to evaluate KLF8 and vimentin

phenotypes in CTCs of peripheral blood from PC patients. Over-

all, the patient population exhibited various combinations of the 4

possible CTC phenotypes. A larger percentage of patients (19/30;

63.3%) had > 50% of their CTCs double-positive for KLF8 and

vimentin, whereas 36.7% (11/30) had� 50% KLF8þ/vimentinþ

CTCs. Nel et al53 showed that vimentinþ/CKþ ratio higher than

0.5, meaning that there were half as many vimentin positive cells

as CKþ cells, was associated with a longer median time to

progression (hazard ratio ¼ 0.18; 95% confidence interval:

0.01-2.75; P ¼ 0.03). Similarly, our results show that the

double-positive phenotype is inversely associated with TTR, such

that patients with a > 50% proportion of double-positive CTCs

have a shorter TTR. Moreover, this was identified as an indepen-

dent risk factor for recurrence by univariate and multivariate

analyzes. These data indicate that the proportion of KLFþ/

vimentinþ CTCs may serve as a potential prognostic marker for

PC patients treated by resection.

Figure 3. Recurrence-free survival of pancreatic cancer patients as
assessed by the Kaplan-Meier method. Recurrence-free survival in
pancreatic cancer patients with circulating tumor cells (CTCþ; n ¼
30) and without (CTC-; n ¼ 10).

Figure 4. Recurrence-free survival of pancreatic cancer patients
according to CTC phenotype. Recurrence-free survival in 30 pan-
creatic cancer patients with > 50% (> 0.5) and � 50% (� 0.5) of CTCs
double positive for Krüppel-like factor 8 and vimentin.

Table 3. Univariate Analysis for Factors Predicting Recurrence.

Variable n

Recurrence-free interval,
mo

Mean 95% CI P value

Sex
Male 23 12.2 9.9-14.5 0.646
Female 7 10.4 6.1-14.7

Age (yr)
< 50 9 11.3 6.8-15.8 0.562
� 50 21 12.0 9.8-14.2

Tumor size (cm)
� 4 12 14.3 11.0-17.7 0.028
> 4 18 10.1 7.8-12.4

TNM stage
I-II 15 14.2 11.4-17.0 0.014
III-IV 15 9.4 6.9-12.0

CA19-9 (kU/L)
� 37 18 13.0 10.7-15.2 0.190
> 37 12 9.1 5.3-12.9

Tumor location
Head 16 12.2 9.0-15.4 0.999
Body/tail 14 11.6 8.9-14.2

Vascular invasion
Absent 18 14.1 11.4-16.9 0.005
Present 12 9.5 6.9-12.0

Perineural invasion
Absent 18 13.9 11.2-16.7 0.008
Present 12 9.7 7.0-13.9

KLF8þ/vimentinþ CTCs (%)
� 50 11 16.9 16.1-17.7 0.002
>50 19 8.8 6.5-11.2

Abbreviations: CA19-9, Cancer antigen 19-9; CTCs, Circulating tumor cells;
KLF8, Krüppel-like factor 8; TNM, Tumor-Node-Metastasis.
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Only 1 other study has examined the association

between KLF8 and the prognosis of PC,54 which found that

patients with positive expression had significantly shorter

overall survival. However, overexpression of KLF8 has

been correlated with prognoses of other malignant

tumors.24,29-31,55 Li32 reported a significantly higher tumor

recurrence rate in hepatocellular carcinoma patients with

positive KLF8 expression compared to those with negative

expression (59.8% vs 41.9%), and KLF8 showed prognostic

significance in the early recurrence group. Yang33 also

showed that KLF8 overexpression was positively correlated

with progression of HCC. Another study showed an asso-

ciation between KLF8 expression and breast cancer metas-

tasis and patient survival.28 KLF8 was also associated with

poor prognosis in gastric cancer.35 Vimentin is overex-

pressed in various epithelial cancers, including prostate

cancer, gastrointestinal tumors, tumors of the central ner-

vous system, breast cancer, malignant melanoma, and lung

cancer.56-58 Vimentin’s overexpression in cancer correlates

well with accelerated tumor growth, invasion, and poor

prognosis.59-63 Vimentin could be as potential target for

different cancer treatment.64,65 Previous study reported

KLF8 overexpression upregulate Vimentin to promote the

proliferation and invasion of cancer cells.32,42 So, we

believe KLF8 have a close relationship with Vimentin in

CTCs. Our study combined the 2 independent prognosis

Markers to detect its correlation with prognosis, ensuring

its accuracy and clinical value.

Taken together, these findings indicate that classification

of KLF8þ/vimentinþ CTCs may have an important clinical

application, it can provide potential indication for treatment

of PC patients before distant metastasis. However, further

investigations with a larger population and a longer follow-

up period are needed to verify these results.

Abbreviations

PC, Pancreatic cancer; CTCs, circulating tumor cells; EMT, epithelial–

mesenchymal transition; KLF8, Krüppel-Like Factor 8; PBMNCs,

peripheral blood mononuclear cells; TTR, time to recurrence.
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