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RAB27B expression in pancreatic cancer is
predictive of poor survival but good response
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Abstract.
BACKGROUND: Pancreatic cancer is the 4th leading cause of cancer-related death with poor survival even after curative
resection. RAB27A and RAB27B are key players in the exosome pathway where they play important roles in exosome secretion.
Evidence suggests that RAB27A and RAB27B expression not only leads to tumor proliferation and invasion, but also plays an
important role in antigen transfer necessary for anticancer immunity.
OBJECTIVE: In this study, we analyze the expression of RAB27A and RAB27B in patients after pancreatic cancer surgery with
or without adjuvant chemotherapy and its influence on overall survival.
METHODS: We analyzed a total of 167 patients with pancreatic cancer for their RAB27A and RAB27B expression. We
dichotomized the patients along the median and compared survival in patients with high and low RAB27A and RAB27B expression
with or without adjuvant chemotherapy treatment.
RESULTS: We found a significant improvement in overall survival in patients with a negative resection margin (p = 0.037)
and in patients who received adjuvant chemotherapy (p = 0.039). The survival benefit after chemotherapy was dependent on
RAB27B expression status: only the subgroup of patients with high RAB27B expression benefited from adjuvant chemotherapy
(p = 0.006), but not the subgroup with low RAB27B expression (p = 0.59). Patients with high RAB27B expression who did
not receive adjuvant chemotherapy showed a trend towards worse survival compared to the other subgroups. This difference was
abolished after treatment with adjuvant chemotherapy.
CONCLUSION: These results suggest that RAB27B expression in pancreatic cancer might identify a subgroup of patients with
poor survival who might respond well to adjuvant chemotherapy. If resectable, these patients could be considered for neoadjuvant
chemotherapy to minimize the risk of not receiving adjuvant chemotherapy. Further prospective studies are needed to confirm
these findings.
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1. Introduction

Pancreatic cancer is the fourth most common cause
of cancer-related death in developed countries with a
5-year overall survival (OS) of only 10% [1,2]. Only
15–20% of patients are eligible for surgery, with a dis-
mal 20% 5-year OS after curative resection [3]. The
projected doubling of pancreatic cancer incidence by
2030 would make it the second leading cause of cancer-
related deaths after lung cancer [4]. The poor survival
of pancreatic cancer is due to late clinical presentation
due to asymptomatic early disease and the aggressive
biology combined with a dense, fibroblast rich tumor
microenvironment leading to early metastasis and re-
sistance to chemotherapy [5].

New methods to identify cancer-specific exosomes
have shown excellent early detection of pancreatic can-
cer under study conditions but are still far from clinical
translation [6]. Exosomes are small membrane vesicles
with a size of 50–100 nm that play a role in intercellu-
lar communication by exchanging microRNA, mRNA,
DNA fragments and proteins between the different tu-
mor compartments [7].

At the core of exosome regulation are small GTPases
belonging to the RAB family: RAB27A and RAB27B.
Both have been shown to control important functions in
the exosome pathway, particularly vesicle trafficking.
RAB27A and RAB27B can switch between their active
GTP-bound and inactive GDP-bound forms, acting as
switches to regulate vesicle trafficking [8]. Silencing
of the RAB27 effectors Slp4 and Slac2b significantly
reduces exosome expression [9]. Several studies have
shown that RAB27A and RAB27B control exosome
secretion in several cancer cell types, including breast
cancer, melanoma, bladder cancer, lung cancer and cer-
vical cancer [10–15]. Furthermore, in vitro studies in
pancreatic cancer cell lines have shown that RAB27A
and RAB27B expression in cancer cells increases pro-
liferation and invasion, decreases apoptosis and leads to
resistance to cisplatin therapy [16]. Accordingly, high
RAB27A and RAB27B expression has been described
as a marker of poor prognosis in several cancers, in-
cluding pancreatic cancer [17–20]. However, the exist-
ing literature in pancreatic cancer is based on a single
cohort of patients without information on response to
chemotherapy.

Exosomes play an essential role in intercellular com-
munication, such as the interaction between tumor cells
and the immune system. The regulation of the immune
system by exosomes is a relatively new area of re-
search. Exosomes have been shown to influence anti-

gen presentation, immune activation, and immunosup-
pression [21]. Tumor exosomes are a source of tumor
antigens that can be used to cross-activate cytotoxic T-
cells [22]. Conversely, Rab27B knockout mice showed
an impaired immune system with a weak response to
bacterial LPS [23].

Finally, the response to chemotherapy is strongly
influenced by the immune system, either by activating
immune cells through antigen release from dying cancer
cells, or by mediating off-target effects on immune cell
populations [24–27]. Conversely, chemotherapy can
also improve the outcome of immunotherapy [28,29]. In
summary, exosomes play a plethora of complex roles in
cancer growth, metastasis and immunomodulation, as
well as some basic immunological roles such as antigen
presentation and antitumor immunity.

In this study, we will shed some light on the clinical
relevance of exosomes by investigating the clinical rel-
evance of RAB27A and RAB27B on OS in the context
of chemotherapy response in pancreatic cancer.

2. Material and methods

2.1. Patients samples and tissue collection

This study was conducted in accordance with the Re-
porting Recommendations for Tumor Marker Prognos-
tic Studies (REMARK) [30]. This study was designed
as an exploratory study. All patients gave their informed
consent prior to resection and the study was approved
by the Ethics Committee of the Technical University of
Dresden (EK 59032007).

A total of 245 patients, who underwent curative re-
section for histologically proven ductal adenocarcinoma
of the pancreas, were screened. 33 patients were ex-
cluded due to missing survival data (n = 5) or miss-
ing tumor samples (n = 28), leaving 212 patients in
the study. An additional 45 patients were excluded for
failure to meet the inclusion criteria (the presence of
two stained tumor samples including exocrine pancre-
atic ducts), leaving 167 patients for final analysis (160
patients for RAB27B and 146 patients for RAB27A
analysis; Fig. 1).

The tissue was studied in the form of tissue microar-
rays with individual tissue samples of 0.6 mm diam-
eter. The microarray contained two samples from the
same patient to reduce the risk of bias. Only patients
with at least two separate tumor samples with pancre-
atic ducts were included in the final analysis. The tissue
microarray was prepared by the Pathology Department
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Fig. 1. Flowchart of patient inclusion.

of the University Hospital in Dresden, Germany. The
histological evaluation of the samples was performed
in a blinded fashion and the unblinding of the clinical
data was performed after completion of the histological
staining and evaluation.

2.2. Tissue microarray and immunohistochemistry

Tissue microarrays (TMAs) were prepared by the
Pathology Department of the University Hospital Dres-
den using a manual tissue microarray system (MTA-1
from Beecher). All samples were fixed in formaldehyde,
punched in duplicates of 0.6 mm diameter and embed-
ded in paraffin. Tissues from different organs were in-
cluded in each TMA for reference. Hematoxylin-eosin
staining was performed to assess both the presence of
tumor tissue in the samples and the overall quality of
the TMA.

Sections of 2 µm thickness were dried at 70◦C.
Immunohistochemistry (IHC) was performed using
a mouse monoclonal anti-human RAB27A antibody
(Santa Cruz 74586; 1:500) and a rabbit polyclonal
anti-human RAB27B antibody (HPA019849; Sigma-
Aldrich; 1:450) [31]. Both antibodies were previ-
ously tested and validated by the Human Protein Atlas
Project (www.proteinatlas.org). IHC was performed us-
ing an automated IHC staining system (BenchMark CT,
Roche) and the appropriate staining kit (OptiView DAB
IHC Detection Kit; Ventana Inc.) to ensure optimal
reproducibility.

2.3. Immunohistochemistry evaluation

Stained slides were scanned and evaluated using the
Ventana Image Viewer (version 3.1.0.0; Ventana Medi-

Fig. 2. Examples of staining intensities (SI) in the tissue microarray
(TMA).

cal System). H-scores were calculated using the follow-
ing formula: [(0 x % negative cells) + (1 x % weakly
positive cells) + (2 x % moderately positive cells) +
(3 x % strongly positive cells)]. The H-score is a semi-
quantitative score including signal intensity and per-
centage of stained cells with a possible range of 0–
300 [32] (Fig. 2).

2.4. Statistical analysis

For statistical analysis, the H-values for RAB27A
and RAB27B were dichotomized along the median and
along the previously described cutoff values for refer-
ence [33]. Statistical analysis was performed with SPSS
version 28 (SPSS 28.0.1.0, IBM). Survival statistics
were performed using Kaplan-Meier curves and the
log-rank test. Hazard ratios, 95% confidence intervals
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Table 1
Clinical characteristics broken down by high or low RAB27A and RAB27B expression

Clinical data
RAB27B

low
(< 95)

RAB27B
high

(>= 95)

RAB27A
low

(< 35)

RAB27A
high

(>= 35)
N = 81 N = 79 N = 75 N = 71

AGE (mean, min-max) 66 (40–84) 65 (40–81) 65 (40–84) 66 (40–84)
SEX

Male 43 (53%) 45 (57%) 42 (56%) 39 (55%)
Female 38 (47%) 33 (42%) 33 (44%) 32 (45%)
Missing 1 (1%)

Tumor stage
T1 0 (0%) 0 (0%) 0 (0%) 0 (0%)
T2 6 (7%) 5 (6%) 4 (5%) 4 (6%)
T3 75 (93%) 73 (92%) 71 (95%) 67 (94%)
T4 0 (0%) 1 (1%) 0 (0%) 0 (0%)

Lymph node stage
N0 28 (35%) 24 (30%) 22 (29%) 21 (30%)
N1 51 (63% 54 (68%) 52 (69%) 49 (69%)
N2 2 (3%) 1 (1%) 1 (1%) 1 (1%)

Metastases
M0 70 (86%) 71 (90%) 68 (91%) 64 (90%)
M1 6 (7%) 2 (3%) 2 (3%) 2 (3%)
Mx 5 (6%) 6 (8%) 5 (7%) 5 (7%)

Grading
G1 1 (1%) 1 (1%) 1 (1%) 1 (1%)
G2 37 (46%) 46 (58%) 36 (48%) 34 (48%)
G3 42 (52%) 30 (38%) 37 (49%) 35 (49%)
Gx 1 (1%) 2 (3%) 1 (1%) 1 (1%)

Resection
R0 50 (62%) 48 (61%) 45 (60%) 41 (58%)
R1 19 (24%) 26 (33%) 21 (28%) 21 (30%)
R2 8 (10%) 2 (3%) 7 (9%) 7 (10%)
Rx 4 (5%) 3 (4%) 2 (3%) 2 (3%)

Adjuvant therapy
Yes 37 (46%) 42 (53%) 30 (40%) 28 (39%)
No 44 (54%) 37 (47%) 45 (60%) 43 (60%)

(CI), and the corresponding p-values were calculated
using the Cox-regression model.

3. Results

3.1. Patient characteristics

The tissue for the tissue microarray was collected
consecutively at the University Hospital Dresden be-
tween 1998 and 2011. The mean age was 66 years (40–
84), 73 patients (44%) were female and 93 (56%) were
male, T stage was T2 in 13 patients (8%), T3 in 153
patients (92%) and T4 in 1 patient (1%), lymph node
status was N0 in 55 patients (33%), N1 in 109 (65%)
and N2 in 3 (2%) patients, Metastatic status was M0 (no
metastases) in 147 patients (88%), M1 (distant metas-
tases) in 8 (5%), and Mx (missing information) in 12
(7%) of the patients, the tumor grading was G1 in 2

(1%), G2 in 83 (50%), G3 in 79 (48%), and missing
in 3 (2%) of the patients. Follow-up was complete in
88%, with a median follow-up of 67 months for the
remaining patients.

100 (69%) patients had a R0 status, 47 (28%) pa-
tients had a R1 status and 12 (7%) patients had a R2
status postoperatively. 84 (50%) of the patients received
adjuvant chemotherapy and 83 (50%) did not. Detailed
results are shown in Table 1.

3.2. Correlation of clinical factors with overall
survival

The influence of the different clinical factors on OS
was investigated using the Cox regression model. While
age, sex and tumor grade did not show a significant cor-
relation with OS, positive lymph node involvement and
higher UICC status both showed a trend towards worse
survival (N+: HR 1.3 95% CI 0.91–1.85, p = 0.14;
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Table 2
Hazard ratios of clinical factors as well as RAB27B expression for overall
survival. RAB27B was dichotomized along the median (RAB27B 6 95) and
along previously described cutoff values (RAB27B 6 90) [15,16]

Overall survival
Including all 167 patients

n = 167 HR 95% CI p-value
AGE
> 65 vs 6 65 97/68 1.17 0.84–1.63 0.36
Missing 2

SEX
Female vs. male 73/93 1.07 0.77–1.49 0.68
Missing 1

T-stage
3–4 vs. 1–2 154/13 1.085 0.60–1.96 0.79

Lymph node stage
N pos vs. neg 112/55 1.3 0.91–1.85 0.14

UICC stage
Stage 2B-4 vs. 1-2A 113/54 1.33 0.93–1.89 0.11

Metastases
M pos vs. neg 8/147 0.97 0.48–1.99 0.94

Grading
G3–4 vs G1–2 79/85 1.23 0.89–1.71 0.21
Missing 3

Resection
R pos vs. neg 59/100 1.44 1.02–2.03 0.037
Missing 8

Adjuvant therapy
Yes vs no 84/83 0.71 0.51–0.98 0.039

RAB27A
High vs. low (med 6 35) 75/74 1.01 0.73–1.41 0.94
High vs. low (6 90) 11/138 1.13 0.61–2.09 0.7

RAB27B
High vs. low (med 6 95) 79/81 1.08 0.76–1.52 0.68
High vs. low (6 90) 83/77 1.11 0.79–1.54 0.56

UICC > 2B: HR 1.33 95% CI 0.93–1.89, p = 0.11).
Tumor stage and metastatic disease could not be prop-
erly assessed due to the very small number of patients
with early T1 or T2 disease and very few patients with
metastatic disease. Positive resection margins (HR 1.44,
95% CI 1.02–2.03, p = 0.04) and the administration of
adjuvant chemotherapy (HR 0.71, 95% CI 0.51–0.98,
p = 0.04) had a significant impact on OS. These results
correlated well with previous publications (Table 2).

3.3. Correlation of RAB27A and RAB27B expression
with overall survival

To evaluate the RAB27A and RAB27B expression
and its impact on OS, H-scores were dichotomized us-
ing previously described cutoff values for H-scores in
pancreatic cancer [33,34] and the median of the patient
cohort. The cox regression model was used to evaluate
any potential impact on survival. Surprisingly, neither
RAB27A nor RAB27B expression was significantly
associated with OS. These results remained unchanged

whether the median or the previously described cutoff
values were used (Table 2).

3.4. Correlation of clinical factors within the
subgroups of patients with high or low RAB27A
and RAB27B expression

To evaluate the influence of RAB27A and RAB27B
expression on chemotherapy response, we created sub-
groups of patients with high and low RAB27A and
RAB27B expression, respectively. The clinical factors
in the high and low RAB27A and RAB27B expression
groups were relatively homogeneous. The group of pa-
tients with high RAB27B expression had slightly more
low grade cancers (G1/G2) than the patients with low
RAB27B expression (Table 3).

While there was no significant correlation with OS
in both RAB27A subgroups (Supplementary Table 1),
the RAB27B subgroups showed significant differences.

In the subgroup of patients with high RAB27B ex-
pression, significantly worse OS was observed in pa-
tients with higher tumor grade (HR 1.66, 95% CI 1.00–
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Table 3
Evaluation of RAB27B expression as a predictor for poor survival. Patients with high RAB27B expression
are shown on the right, patients with low RAB27B expression are shown on the left. Hazard Ratios (HR),
95% confidence intervals (95% CI) and p-values (p) were calculated using a Cox regression

RAB27B low (6 95) RAB27B high (> 95)

N = 81 HR 95% CI p n = 79 HR 95% CI p

AGE
> 65 vs 6 65 46/33 1.25 0.77–2.03 0.35 48/30 1.06 0.65–1.72 0.82

SEX
F vs. M 38/43 0.86 0.54–1.38 0.54 33/45 1.39 0.86–2.23 0.18

T3–4 vs T1–2 75/6 1.39 0.56–3.46 0.48 74/5 0.68 0.27–1.71 0.41
N pos vs. neg 53/28 1.46 0.87–2.43 0.15 55/24 1.08 0.65–1.81 0.77
M pos vs. neg 6/70 1.27 0.55–2.96 0.57 2/71 0.57 0.14–2.33 0.43
G3–4 vs G1–2 42/38 0.98 0.64–1.57 0.94 30/47 1.66 1.00–2.76 0.05
R pos vs. neg 27/50 1.72 1.04–2.85 0.04 28/48 1.11 0.67–1.83 0.69
Adjuvant

Yes vs no 37/44 0.88 0.55–1.41 0.59 42/37 0.52 0.32–0.84 0.007

Fig. 3. Kaplan Meier curves of patients with or without adjuvant chemotherapy that did and did not receive chemotherapy for A) all patients B)
patients with low RAB27B expression and C) patients with high RAB27B expression. P -values were calculated using the log rank test.

2.76, p = 0.05) and significantly better survival in pa-
tients who received adjuvant chemotherapy (HR 0.52;
95% CI 0.32–0.84; p = 0.007). In contrast, patients
with low RAB27B expression showed no significant
change in OS with respect to tumor grading (HR 0.98;
95% CI 0.64–1.57; p = 0.94) or adjuvant chemother-
apy (HR 0.88; 95% CI 0.55–1.41; p = 0.59). On the
other hand, the subgroup with low RAB27B expres-
sion showed a significant correlation between resection
status and OS (HR 1.72; 95% CI 1.04–2.85; p = 0.04).

We then compared the grading in the patients with
high RAB27B expression and found no difference in
the distribution of patients receiving (G1/2 vs. G3/4:
25/18) and not receiving (G1/2 vs. G3/4: 22/14) ad-
juvant chemotherapy. Thus, we can safely exclude an
allocation bias.

These results suggest that patients with high RAB27B
expression are more sensitive to adjuvant chemother-
apy. In contrast, patients with low RAB27B expression
do not appear to respond to adjuvant chemotherapy.

Finally, we compared survival in the 4 subgroups,
patients with low RAB27B expression without adju-

vant chemotherapy, patients with low RAB27B expres-
sion who received adjuvant chemotherapy, patients with
high RAB27B expression without adjuvant chemother-
apy, and patients with high RAB27B expression who
received adjuvant chemotherapy.

As discussed above, patients with low RAB27B ex-
pression did not show a survival difference between
patients with or without adjuvant chemotherapy. How-
ever, patients with high RAB27B expression with-
out adjuvant chemotherapy had significantly worse
survival compared to patients who received adjuvant
chemotherapy (p = 0.006). Patients with high RAB27B
expression without adjuvant chemotherapy showed a
trend towards worse survival compared to patients with
low RAB27B expression (p = 0.09), while patients
with high RAB27B expression who received adjuvant
chemotherapy showed no difference in OS (Fig. 3 and
Supplementary Fig. 1).

These data suggest that RAB27B is indeed a predic-
tor of poor survival as well as a predictor of chemosen-
sitivity.
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4. Limitations of this study

The included patients were resected between 1998
and 2011, none of them received neoadjuvant
chemotherapy, and almost all of them received gemc-
itabine as adjuvant chemotherapy. The FOLFIRINOX
chemotherapy regimen consisting of oxaliplatin, fluo-
rouracil, leucovorin and irinotecan was first described in
2011 [35], while the gemcitabine/nab-paclitaxel combi-
nation was introduced in 2013 [36]. At the same time,
an increasing number of elderly patients are being di-
agnosed with pancreatic cancer and are still receiving
gemcitabine therapy due to frailty or poor ECOG sta-
tus. In addition, while newer therapies are more ag-
gressive, they also rely on the immune system for their
effect [37].

5. Discussion

Exosomes are a new player in intercellular communi-
cation that have been shown to influence tumor growth,
metastasis and the antitumoral immune response [7].
Two small GTPases, RAB27A and RAB27B, are at the
core of exosome regulation. Both have been shown to
control important functions in the exosome pathway,
particularly in vesicle trafficking. Silencing of RAB27A
and/or RAB27B results in a significant decrease in ex-
osome expression [9]. Several publications have exam-
ined the impact of RAB27B expression on survival in
various cancers. However, this is the first publication to
show that RAB27B is not only a prognostic marker for
poor survival in pancreatic cancer, but also a predictor
of response to chemotherapy.

The literature is divided on the role of RAB27B
expression in cancer. While some studies show poor
survival in cancers that overexpress RAB27B [17,38],
other studies show the opposite [39,40]. These different
results could be explained by the conflicting roles that
exosomes play in the crosstalk between cancer cells and
the immune system.

On the one hand, recent studies have shown that
exosome transfer of the EGFR-19del to the dendritic
cell (DC) surface leads to impaired DC function in
EGFR-19del-expressing Lewis lung cancer tumors [41].
Furthermore, exosomal PD-L1 secretion from cancer
cells is part of their immune-evasion strategy [42] and
could induce resistance to immunotherapy by inhibiting
cytotoxic T-cells in draining lymph nodes [43].

On the other hand, exosomes are required for the
transfer of tumor cell antigens to dendritic cells, thereby

initiating the antitumor cytotoxic T-cell response [44].
Tumor exosomes are a source of tumor antigens that
can be used to cross-activate cytotoxic T cells [22].
A knockout model of Rab27B mice showed an im-
paired immune system with a weak response to bacterial
LPS [23].

In conclusion, although exosomes can lead to therapy
resistance, they are required for the antitumor immune
response.

In this study, we could show that pancreatic cancers
with high RAB27B expression tend to be more aggres-
sive with poorer overall survival compared to patients
with low RAB27B expression. At the same time, these
cancers respond significantly better to chemotherapy,
with no difference in survival between patients with
high and low RAB27B expression who both received
chemotherapy. This may be due to a more effective im-
mune response following chemotherapy-induced cancer
cell death.

The expression of RAB27B in tumors may therefore
be useful in identifying patients who may benefit from
chemotherapy. Major postoperative complications or
general morbidity after surgery may prevent the admin-
istration of adjuvant chemotherapy. This is one of the
reasons why neoadjuvant chemotherapy is being con-
sidered to be extended from borderline resectable pan-
creatic cancer patients to resectable patients. Only about
50–60% of patients receive adjuvant chemotherapy af-
ter resection for pancreatic cancer [45]. Conversely, side
effects after neoadjuvant chemotherapy may prevent
curative surgery [46]. RAB27B expression may help
to identify patients who may benefit from neoadjuvant
chemotherapy.

6. Conclusion

We conclude that RAB27B is a potential prognos-
tic marker for response to chemotherapy in pancreatic
cancer. High RAB27B expression may identify patients
who may benefit from neoadjuvant chemotherapy. Fur-
ther studies as well as prospective studies are needed to
confirm these findings.
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