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KIF3B protein expression loss correlates with  
metastatic ability of prostate cancer
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Abstract: Kinesin family member 3B (KIF3B) is a microtubule motor kinesin involved in mitotic progression and 
vasculotropism. A novel therapeutic target, it is overexpressed in several cancers [PMID 29904055]. Its significance 
in prostate cancer (PC) was uncertain. Methods: 89 cases, including tissue microarrays from 70 prostatectomies 
comprising matched cancer and benign spots, 19 additional prostatectomy tissues, plus 16 prostate cancer metas-
tases (7 nodal and 9 distant sites; 8 had matched primary PC) were stained with rabbit polyclonal KIF3B antibody. 
Cytoplasmic immunoreactivity was scored: 0 (negative) to 3+ (strong and diffuse). 39 patients had no nodal me-
tastases, 31 had positive lymph nodes, and 19 had nodes not sampled. Gleason grade groups were 1 (9), 2 (28), 
3 (39), 4 (1), and 5 (12). 15 cases had cribriform pattern. AJCC stages were 2 (48), 3 (29), unknown (12). Results: 
KIF3B in PC (mean 1.0) was higher than in benign prostate (mean 0.1, P<0.01, Student t-test). All 7 available nodal 
metastases of PC were negative. One-third of primary PCs with nodal metastases lost all expression, compared to 
retained expression in all but one PC without nodal metastasis (P<0.01, chi-square). The former group also had 
stronger staining (mean 1.0) than metastases (mean 0.3) (P<0.01, Student t-test) and had fewer cases with any 
positive (>0) expression compared to cases without metastases or with unsampled lymph nodes (P<0.01, chi-
square test). Reactivity of paired metastatic tissue and primary PC correlated strongly (Pearson coefficient: +0.7). 
No significant trends were found by grade group, cribriform status, or stage. Conclusions: KIF3B is a PC marker. 
Metastatic cancers showed less KIF3B expression than their primary PC counterparts, and primary cases with posi-
tive nodes demonstrated reduced positivity, suggesting use as a prognostic marker. It is possible that KIF3B protein 
becomes altered prior to metastases, preventing immunohistochemical detection.
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Introduction

Kinesin family member 3B (KIF3B) is a microtu-
bule motor kinesin, involved in regulating intra-
cellular transport, spermatogenesis, mitotic 
progression, and intravasation of cancer cells 
for metastasis [1]. A recent quantitative in vivo 
whole genome motility screen revealed KIF3B 
as a top therapeutic target [1]. KIF3B is overex-
pressed in different types of cancer, including 
acute lymphoblastic leukemia, seminoma, oral 
squamous cell, prostate, and hepatocellular 
carcinoma [1-5]. Its inhibition by shRNA in an 
avian embryo model most strongly inhibited 
prostate cancer PC3 and other cancer cell vas-
culotropism and metastasis [1]. Increased ex- 
pression of KIF3B was correlated with poor sur-
vival in patients with hepatocellular carcinoma 

and its inhibition decreased cancer growth and 
induced tumor apoptosis [5]. Downregulation of 
another member of kinesin superfamily pro-
teins, KIF23, has been suggested to decrease 
glioma development [6]. Thus, KIF3B is a novel 
therapeutic target to block cancer metastasis 
and inhibit cancer development. 

To our knowledge, the clinical significance of 
KIF3B expression has not been studied in pri-
mary and metastatic prostate cancer (PC). The 
following study examines KIF3B protein ex- 
pression in primary and metastatic PC with 
respect to benign versus cancer epithelium, 
tumor grade, the presence of a cribriform pat-
tern (an adverse prognostic finding that exerts 
an influence independent of numerical Gleason 
score, reviewed [7]), tumor stage, primary can-
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cer with metastases versus without, and meta-
static cancer.

Materials and methods

Clinical characteristics and immunostaining

Tissue microarrays from 70 prostatectomies 
and unstained slides from 19 additional prosta-
tectomy cases and 15 PC metastases (8 dis-
tant and 7 nodal) were stained with KIF3B anti-
body. Each TMA case contained 3-4 punch 
cores of PC and 3-4 of matched benign pros-
tate. Antigen retrieval was done in Tris buffer at 
pH 9 for 20 minutes at 97 degrees Celsius. 
Rabbit polyclonal KIF3B antibody clone orb18- 
4776 (Biorbyt, United Kingdom) was used at 
1:400 dilution on Dako platform. Two patho- 
logists independently scored cytoplasmic im- 
munoreactivity (Figure 1) from 0 (negative) to 
3+ (strong and diffuse), including half-steps. 
Major discrepancies were resolved by con- 
sensus.

Lymph node status was obtained from pathol-
ogy reports on all 89 prostatectomy cases. 39 
patients had no nodal metastases, 31 had pos-
itive lymph nodes, or nodes were not sampled 
at prostatectomy (19). Distant sites of metasta-
sis were following: liver-4 cases, bone-2 cases, 
brain-1 case, and spinal cord-1 case. Matched 
primary PC was evaluated for KIF3B in 8 of 15 
metastatic cases. Prostatectomy cases includ-
ed Gleason grade group 1 (9), group 2 (28), 

group 3 (39), group 4 (1), and group 5 (12). 
Cribriform pattern was present in 15 cases and 
absent in 74. AJCC stage 2 PC (48), stage 3 (29) 
and unknown (12) were represented. 

Statistical analysis

Student t-test was used to compare KIF3B 
stain values in PC (89 cases) and benign pros-
tate (70 cases on tissue microarray only) and to 
analyze the differences in KIF3B stain values in 
lymph node-positive primary PC cases and 
stain values in metastatic tissue. Fisher exact 
test was used to assess differences by Gleason 
grade group. A Mann-Whitney U test was used 
to compare KIF3B stain values in PC by cribri-
form status and by AJCC stage. A chi-square 
test was used to compare numbers of PC cases 
with any KIF3B stain positivity in tumor (stain 
value >0) and numbers of PC cases with nega-
tive KIF3B staining among the PC group with 
lymph node metastases and PC with no metas-
tases, and PC group with lymph node metasta-
ses and PC with no metastases plus PC cases 
with unsampled lymph nodes. Fisher exact test 
was used to compare numbers of PC cases 
with KIF3B stain value >1 and numbers of PC 
cases with absent KIF3B staining by Gleason 
grade groups. Only 1 case of Gleason grade 
group 4 (total score of 8) was identified in the 
set and was omitted from grade comparisons. 
Pearson correlation coefficient was obtained to 
assess associations between KIF3B stain val-
ues of paired metastatic tissue and primary PC.

Figure 1. A. KIF3B immunoexpression in benign prostate. B. Typical KIF3B immunoexpression in cancer.
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Results

KIF3B stain values in PC (mean: 1.0) were  
significantly higher than benign prostate (me- 
an: 0.1, Table 1; Figure 1; Supplemental Data). 
None of the seventy cases of benign prostate 
had a stain value of more than 1 (median value: 
0). There were no significant differences noted 
by cribriform status, AJCC stage (Table 1), or 
grade group (Table 2). 

KIF3B stain values in primary PC with lymph 
node metastases (mean: 1.0) were higher than 
the stain values in metastatic tissue (mean: 
0.3, P<0.01, Table 1). A strong positive correla-
tion (Pearson correlation coefficient: +0.7) was 
noted in KIF3B stain values of paired metastat-
ic tissues and primary PC. All 7 nodal metasta-
ses of PC had negative KIF3B expression.

Finally, one-third (11 of 31) of primary PCs th- 
at had lymph nodal metastasis were negative 
for KIF3B expression. This differed significan- 
tly in an independent comparison to 39 PCs 
without lymph node metastases, of which all 

KIF3B enables cancer cell motility and has 
been proposed as a therapeutic target in can-
cer [1]. It is a direct target of miR-127-3p [4] and 
miR-127 [8], so microRNAs can be used to 
counteract its effects. We have found that 
KIF3B protein was greatly elevated in prostate 
cancer (PC). In fact, when strongly positive, 
KIF3B immunohistochemical stain may specifi-
cally distinguish PC from benign prostate, since 
none of our benign prostate tissues stained 
strongly for KIF3B (mean value: 0.3, median 
value: 0). Significantly higher KIF3B expression 
in PC compared to benign prostate suggests 
that KIF3B may be involved in PC cancer pro-
gression in a fashion similar to hepatocellular 
carcinoma and other cancer types [5]. 

Not only did metastatic tissue show less KIF3B 
expression than the primary prostate cancer 
counterparts, but also there were fewer KIF3B 
positive primary PCs among those with positive 
lymph nodes (P<0.01). This finding suggests 
KIF3B may serve as a prognostic marker in PC. 
It stands in contrast to other tumor models; for 
example RNAi-mediated inhibition of KIF3B 

Table 1. KIF3B immunoexpression in PC, benign prostate, PC with lymph node metastases, metastat-
ic tissue, and PC stratified by cribriform status and AJCC stage

Mean stain value ±SD N (% from total PC) p-value
PC (all) 1.0 0.7 89 (100) <0.01
Benign prostate 0.1 0.2 70
PC with LN metastases 1.0 1.0 31 (35) <0.01
Metastatic tissue (7 LN and 8 distant metastases) 0.3 0.7 15
Cribriform PC 1.4 1.0 15 (17) 0.13
Non-cribriform PC 0.9 0.7 74 (83)
AJCC stage 2 PC 1.0 0.6 48 (62) 0.13
AJCC stage 3 PC 1.1 0.9 29 (38)
PC = prostate cancer, SD = standard deviation, LN = lymph node. Stain values in PC versus benign prostate and PC with LN 
metastases versus metastatic tissue compared using Student t-test (both comparisons yielded p-value <0.01). Mann-Whitney 
U test was used to assess the KIF3B stain differences in PC stratified by cribriform status and by AJCC stage (both compari-
sons yielded p-value 0.13).

Table 2. KIF3B staining by Gleason grade group
Number 
of cases, 
total = 88

KIF3B 
stain value 

>1, N
p-value 

Gleason grade Group 1 (3+3) 9 3 (33%) 0.67
Gleason grade Group 2 (3+4) 28 11 (39%)
Gleason grade Group 3 (4+3) 39 17 (44%)
Gleason grade Group 5 (total score of 9 or 10) 12 7 (58%)
PC = prostate cancer. Fisher exact test was used to compare number of PC cases with 
KIF3B stain value of >1 in Gleason groups 1, 2, 3 and 5. Only 1 case of group 4 was 
present in the study and was excluded from the comparisons.

but one were positive. 
When PCs from opera-
tions in which nodes were 
not sampled (probably 
overwhelmingly negative) 
were added to those with 
negative nodes, the com-
parison to primary can-
cers with positive nodes 
was also significant (P< 
0.01, Table 3). 

Discussion
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blocked metastasis of head/neck HEp3 tumor 
cells in mice, and in vitro migration of prostate 
cancer PC3 cells [1].

One limitation of our study is the use of only an 
immunohistochemical method of KIF3B detec-
tion. It is possible that KIF3B protein remains 
overexpressed in metastases, but undergoes a 
mutation or other alteration, making it unde-
tectable by conventional immunohistochemis-
try. In situ hybridization or other assessment of 
RNA transcription would answer this question. 

Conclusion

KIF3B, a microtubule motor kinesin, was not 
unexpectedly increased in prostate cancer (PC) 
compared to benign epithelium. The loss of 
KIF3B immunoexpression in terms of staining 
strength and number of positive cases in pri-
mary PC with metastases, and in nodal and  
distant metastatic tumor, suggests either a 
mutation that impedes immunodetection or 
true downregulation. Further work should deter-
mine whether metastasis involves KIF3B pro-
tein that is overexpressed but is mutated, or 
whether loss of expression actually precedes 
metastasis.
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Table 3. KIF3B staining by lymph node status
Any positive 

KIF3B staining
Number of 

cases, total = 89 p-value

PC with lymph node metastases (31 cases) Yes 20 (23%) <0.01
No 11 (12%)

PC without metastases (39 cases) Yes 38 (43%) <0.01
No 1 (1%)

PC without metastases + cases in which lymph nodes were unsampled (58 cases) Yes 55 (62%) <0.01
No 3 (3%)

PC = prostate cancer, LN = lymph node. Chi-square test was used to compare numbers of PC cases with any KIF3B stain positivity in tumor (stain 
value >0) and numbers of PC cases with negative KIF3B staining among the PC group with LN metastases and PC with no metastases, and PC 
group with LN metastases and PC with no metastases plus PC cases with unsampled lymph nodes (both group comparisons yielded p-value 
<0.01).
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