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Abstract

BACKGROUND—Pin1 is an intracellular signaling molecule which plays a critical but opposite 

role in the pathogenesis of Alzheimer’s disease (AD) and many human cancers.

SCOPE OF REVIEW—We review the structure and function of the Pin1 enzyme, the diverse 

roles it plays in cycling cells and neurons, the epidemiologic evidence for the inverse association 

between cancer and AD, and the potential therapeutic implications of Pin1-based therapies.

MAJOR CONCLUSIONS—Pin1 is a unique enzyme that has effects the function of target 

proteins by “twisting” them into different shapes. Cycling cells use Pin1 to help coordinate cell 

division. It is over-expressed and/or activated by multiple mechanisms in many common human 

cancers, and acts on multiple signal pathways to promote tumorigenesis. Inhibition of Pin1 in 

animal models has profound anti-tumor effects. In contrast, Pin1 is down-regulated or inactivated 

by multiple mechanisms in AD brains. The absence of Pin1 impairs tau function and amyloid 

precursor protein processing, leading to tangle- and amyloid-related pathologies and 

neurodegeneration in an age-dependent manner, resembling human AD. We have developed cis 

and trans conformation-specific antibodies to provide the first direct evidence that tau exists in 

distinct cis and trans conformations and that Pin1 accelerates its cis to trans conversion, thereby 

protecting against tangle formation in AD.

GENERAL SIGNIFICANCE—Available studies on Pin1 suggest that cancer and AD may share 

biological pathways that are deregulated in different directions. Pin1 biology opens exciting 

preventive and therapeutic horizons for both cancer and neurodegeneration.
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1. Introduction

The curious relationship between cancer and neurodegenerative diseases has drawn 

increasing attention as converging evidence suggests that one family of diseases provides 

protection against the other. This “inverse comorbidity” is unusual, and suggests that these 

conditions may share biological pathways which are deregulated in different directions [1]. 

We hypothesized over a decade ago that a predisposition to cancer might decrease the risk of 

AD based on our work with the protein Pin1, which plays a critical but opposite role in both 

diseases [2]. In this article we will show how the enzyme Pin1 is intimately involved in the 

pathogenesis of both cancer and AD, and serves as one molecular explanation of the inverse 

association between them.

We (KPL) originally identified Pin1 during a screen for anti-neoplastic agents as a human 

protein that can not only physically interact with the mitotic kinase NIMA, but also 

functionally suppresses its ability to induce mitotic catastrophe in yeast [3]. Pin1 is now 

known to play an important role in many cellular processes, including the cell cycle and cell 

signaling, regulation of transcription and splicing, and maintenance of neuronal proteins 

including beta-amyloid and tau [4]. The Pin1 enzyme “twists” proteins into different shapes 

after proteins are phosphorylated on specific Ser or Thr residues preceding a Pro residue 

(pSer/Thr-Pro), so called Pro-directed phosphorylation [5, 6].

Pro-directed phosphorylation is a major signaling mechanism in the cell [7–9]. The enzymes 

that are responsible for such phosphorylation are called proline-directed protein kinases, 

whose well-known members include mitogen-activated protein kinases (MAP kinases), 

cyclin-dependent kinases (CDKs) and glycogen synthase kinase-3 (GSK-3). Proline has an 

interesting stereochemistry due to the presence of a 5-membered ring on its peptide 

backbone. This allows it to flip between a cis or trans orientation, thereby changing the 3-D 

structure of the molecule. The recent identification of Pin1 as a peptidyl-prolyl cis-trans 

isomerase (PPIases) that specifically catalyzes cis-trans isomerization of certain pSer/Thr-

Pro motifs led to the hypothesis of a new signaling mechanism, whereby Pin1 catalytically 

regulates the conformation of substrates after their phosphorylation to further control protein 

function [3, 10–12]. Subsequent studies have shown that Pin1-catalyzed conformational 

regulation, which can now be detected by cis and trans conformation-specific antibodies 

[13], can have a profound impact on many key proteins involved in diverse cellular 

processes [2, 14–17]. Pin1 has emerged as a novel molecular timer that modulates its 

multiple targets at various steps of a given cellular process to synergistically control the 

amplitude and duration of a cellular response or process [18]. Importantly deregulation of 

Pin1 has a major impact on the development of disease and offers attractive new therapeutic 

strategies, notably for treating cancer and Alzheimer’s disease [14, 19, 20], the focus of this 

review.

2. Pin1 structure and function

The conformational significance of the pSer/Thr-Pro motif was not appreciated before the 

discovery of Pin1, which specifically catalyzes the cis/trans isomerization of specific pSer/

Thr-Pro motifs (Figure 1) [10]. It takes substantial energy to flip from cis to trans after 
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phosphorylation, making it a naturally slow process. Pin1 accelerates this conformation 

change by over 1,000-fold, and thus serves as a regulator of proline-directed 

phosphorylation [10, 11, 21]. Although there are a number of peptidyl-prolyl cis-trans 

isomerases (PPIases), Pin1 is the only one known so far that specifically targets the pSer/

Thr-Pro sequence [22]. Pin1’s specificity derives from its two-domain structure. The WW 

domain binds only to specific pSer/Thr-Pro motifs, while the PPIase domain catalyzes the 

conformational change [4]. The role of Pin1 in regulating pro-directed phosphorylation in 

illustrated in (Figure 2.)

The changes in conformation catalyzed by Pin1 can affect a spectrum of substrate activities. 

The change in shape may serve as an “on-off” switch for target proteins- for example, by 

activating or deactivating an enzyme’s catalytic site. Pin1 can also serve a “maintenance” 

role by returning proteins from a dysfunctional “cis” conformation back into functional 

“trans.” In addition to affecting the shape and function of individual proteins, Pin1 has also 

been shown to act as a “molecular timer” that can act on many targets within a complex 

cellular process such as mitosis at different times and by multiple mechanisms [4]. Pin1’s 

dual role in the regulation of cell signaling and maintenance of protein folding helps explain 

why its expression levels vary widely in different tissues. Pin1 usually has very low 

expression in cells that are not proliferating. Expression increases with cell proliferative 

capacity and Pin1 over-expression is seen in most human cancers [23–25]. Pin1 is also 

activated in cancer by posttranslational modifications including dephosphorylation [26], 

phosphorylation [27, 28] and desumoylation [29]. Pin1 activity is dramatically suppressed 

by the tumor suppressor gene BRCA-1 [30]. Pin1 catalytic activity and oncogenic function 

are also effectively suppressed by the tumor suppressor DAPK1 [15]. It is thus easy to see 

why Pin1 is tightly regulated in cells with mitotic potential. In stark contrast, Pin1 is highly 

expressed in neurons from the beginning of neuronal differentiation, suggesting that it serves 

a completely different purpose in these post-mitotic cells [31, 32].

3. Pin1 and aging

Studies of Pin1-deficient mice suggest that it works to preserve cellular integrity in the face 

of aging. Pin1- knockout mice appear normal until about half-way through their lifespan, 

when they develop diffuse signs of premature aging, including neurodegeneration, 

osteoporosis, atrophy of skin and retina, loss of body mass, and accelerated telomere 

shortening (Figure 3) [32–34]. There are a number of mechanisms by which Pin1 may help 

promote healthy aging through maintaining genomic integrity and regulating the cellular 

response to stress. The p53 gene is generally considered the “guardian of the genome” and 

can trigger senescence or apoptosis in response to DNA damage [35]. p53 is therefore a 

tumor suppressor and is commonly deleted or mutated in cancer cells. Pin1 preserves the 

function of p53 in the setting of response to DNA damage by preventing its degradation by 

the ubiquitin proteasome system [36, 37]. It also enhances the DNA-binding activity of p53 

to its targets, and is actually required to maintain the DNA damage checkpoints which allow 

cells to repair critical DNA damage [37].

Pin1 is also involved in the maintenance of telomeres- the critically important protective 

caps on the ends of linear chromosomes. Telomere shortening is related to many age-related 
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diseases including some cancers, cardiovascular disease and neurodegeneration. Pin1 

regulates the stability of the telomeric DNA-binding protein TRF1 [38]. When in its cis-

conformation, TRF1 protein is stable and inhibits telomere elongation by binding to 

telomeres. Pin1 flips TRF1 into trans, TRF1 is susceptible to proteasome-mediated 

degradation, thereby allowing telomere elongation to occur via the enzyme telomerase. Pin1 

also helps to limit oxidative damage by its negative regulation of the CDK inhibitor p27kip1 

through binding to FOXO4, a protein involved in the response to mitochondrial and 

oxidative stress [39]. The fact that Pin1 is highly expressed in neurons and is oxidized and 

inactivated in the hippocampus of patients with MCI and AD [40, 41] suggest that it may 

take part in the early response to oxidative stress. Together, these data point to Pin1 as a key 

regulator of healthy aging. As we will now see, these and other anti-aging properties of Pin1 

have strong neuroprotective effects.

4. Pin1 and neuronal health

The physiological function of Pin1 in neurons is not fully understood, but it is expressed at 

very high levels. Pin1 is known to regulate important neuronal proteins such as tau, amyloid 

precursor protein (APP), myeloid cell leukemia sequence-1 (MCL-1) and gephyrin [42–45]. 

The function of APP remains poorly understood, but tau is known to be necessary for the 

stabilization of the microtubules that form the neuronal scaffolding and serve as transport 

channels between cell body and synapse.

Although familial forms of AD are uniformly associated with mutations in genes involved in 

the processing of amyloid precursor protein (APP), the strongest risk factor for sporadic AD, 

which accounts for 95% of all cases, is ageing. Pathologically, AD is characterized by the 

aggregation of abnormal beta-amyloid (Aβ) peptides into oligomers and plaques, and the 

accumulation of hyperphosphorylated tau protein into neurofibrillary tangles (NFTs). While 

the pathology of early and late onset disease is indistinguishable, sporadic AD is generally 

not associated with mutations in tau or APP. There is evidence that age-related processes 

such as oxidative damage and disrupted energy metabolism may precede abnormalities in 

these proteins [46, 47], and the link between Aβ and tau pathology remains obscure.

In contrast to cancer, Pin1 function is inhibited in human AD by multiple mechanisms, 

including Pin1 downregulation [48], Pin1 oxidation [41, 49], Pin1 phosphorylation [50] or 

Pin1 sequestration [51] or even possible Pin1 promoter polymorphisms [52], Pin1 knockout 

mice develop a syndrome similar to AD characterized by hyper-phosphorylated tau and 

neurodegeneration [32]. They also display pathogenic processing of APP, leading to Aβ 

accumulation [43, 53]. Currently, Pin1 is the only gene known so far that can produce both 

tangle and plaque pathology when deleted. When in their trans-conformations, tau and APP 

are healthy and functional. After phosphorylation, the proteins tend to switch to cis- and 

literally become “out of shape.”

We have developed conformation specific antibodies that can detect whether tau 

phosphorylated at Threonine 231 (pT231) is in cis or trans and have confirmed that cis is the 

early pathogenic species in MCI and AD [54]. Pin1 isomerization thus prevents the 

accumulation of cis and thus the buildup of pathogenic tau and Aβ, as illustrated in Figure 4. 
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If not reversed to trans by Pin1, cis phosphorylated tau not only loses its normal function to 

bind and promote microtubule assembly, but also gain toxic function, becoming resistant to 

protein dephosphorylation and degradation and prone to protein aggregation and tangle 

formation. This process eventually leads to destabilization of cell structure and eventually to 

cell death [55, 56]. Protein phosphorylation occurs to some extent as part of the normal 

wear-and tear of the cell, and thus Pin1 may play the important housekeeping function of 

maintaining these and other proteins in their healthy conformations. During 

neurodegeneration, the activity of the kinases that phosphorylate tau, including GSK3 and 

CDK5, is upregulated [57, 58], and Pin1 seems to co-localize with insoluble tau aggregates. 

In brain specimens of patients with MCI and AD, levels of functional Pin1 were very low, 

further suggesting that Pin1 is an important source of protection against the misfolding that 

occurs when tau is hyperphosphorylated [59]. Neurons with NFTs in affected hippocampal 

neurons were substantially lower Pin1 than those with little or no NFTs.

As with tau, the processing of APP can be regulated by phosphorylation under physiological 

conditions and hyperphosphorylation in the setting of neurodegeneration increases 

pathogenic Aβ production [7, 60, 61]. Pin1 binds specifically to Threonine668-Pro on APP 

and accelerates its transition from cis to trans, which not only keeps APP in the cell plasma 

membrane, favoring non-amyloidogenic processing that releases neurotrophic αAPPs [53, 

62] but also increases APP turnover, preventing APP accumulation [63]. If not reversed to 

trans by Pin1, cis phosphorylated APP is not only resistant to proteasome-mediated 

degradation, leading to APP accumulation [63], but also internalizes to the endosomes and 

undergoes amyloidogenic processing, releasing intact Aβ peptide [53, 62] In addition, Pin1 

is critical for inhibition of the kinase activity of GSK3. When Pin1 function is inhibited, 

GSK3 is hyperactivated, leading to hyperphosphorylation of tau and APP [63]. This and 

other evidence suggests that regulation of isomerization is a strategy to protect cellular 

proteins from unfavorable post-phosphorylation structural changes.

As one might expect, we have shown that transgenic overexpression of Pin1 in postnatal 

neurons in mice is able to protect against age-dependent neurodegeneration [64]. Moreover, 

in a Chinese population, we identified a functional polymorphism in the Pin1 promoter that 

leads to increased Pin1 expression as a result of a failure of AP4 to repress the promoter 

activity of the C variant. This polymorphism correlates with a 3-year delay in the age of 

onset of sporadic AD, further supporting the neuroprotective effect of Pin1 [65]. These 

results suggest that modulation of Pin1 might be a novel therapeutic target in AD.

5. Pin1 and cancer

The cell uses proline-directed phosphorylation to help coordinate signaling pathways in cell 

proliferation, and so Pin1 overexpression can lead to the simultaneous upregulation of many 

oncogenic pathways [4]. (Figure 5) lists the oncogenes that can be activated by Pin1 and the 

tumor suppressor genes that it can deactivate. Under physiologic conditions, Pin1 expression 

and activity are highly regulated, playing a key role in the progression of the normal cell 

cycle. Progression is regulated by cyclins and cyclin dependent kinases (CDKs), and 

transition from the resting state (G0) to the first phase of the cell cycle (G1) is controlled by 

the cyclin D-cdk4,6 complex. Pin1 increases the expression and stability of Cyclin D1 and 
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so fosters progression through G1 phase to S phase. During S phase, Pin1 is necessary for 

the coordination of DNA synthesis and centrosome duplication. The centrosome organizes 

the formation of the mitotic spindle poles needed to separate duplicated chromosomes [66, 

67]. Pin1 also regulates many other mitotic phosphoproteins by switching them “on or off” 

through conformational change.

Overexpression of Pin1 promotes oncogenesis by acting on at least three major signaling 

pathways, all of which increase expression of Cyclin D1, as illustrated in Figure 6 [25, 34, 

68, 69]. Pin1 overexpression also leads to the production of excess centrosomes, leading to 

genomic instability. Various oncogenes may promote cancer by increasing Pin1, which in 

turn activates and amplifies other oncogenic pathways. Thus, Pin1 is not an oncogene in 

itself, but can profoundly potentiate the effect of oncogenes. Pin1 overexpression is found in 

most human cancers, including the most common typeslung, prostate, breast and colon [24]. 

It portends a poor prognosis and can help predict risk of cancer recurrence [70, 71]. 

Inhibition of Pin1 in cancer cells leads either to apoptosis or reversal of transformation [3, 

72], and Pin1-deficient mice are almost completely resistant to breast cancers induced by 

over-expression of the oncogene Ras or Neu [73], or by deletion of tumor suppressor p53 

[74]. Moreover, a functional polymorphism in the Pin1 promoter that reduces Pin1 

expression is associated with reduced risk for multiple cancers, further supporting the tumor-

promoting activity of Pin1 [75]. Overexpression of Pin1 may also promote oncogenesis by 

increasing the levels of functional tau and APP. The normal function of APP is not known, 

but there is evidence it may stimulate growth in developing neurons [76]. Aberrant 

expression of APP has been associated with lung, breast, colon, pancreas and prostate cancer 

[77]. Tau protein stabilizes microtubules, which are necessary for mitosis. Overexpression 

of tau predicts less sensitivity to taxane therapy and a worse overall prognosis in breast, 

ovarian and a number of other cancers [78, 79].

Together, hese results suggest that inhibition of Pin1 can suppress oncogenesis. However, it 

should be emphasized that cancer is not one disease but many, and even within a cancer 

type, each tumor will have its own genetic and metabolic characteristics. While it clearly 

fosters oncognensis in many cancer types, in one study of renal cell cancer, Pin1 actually 

suppressed tumor growth [80], and another study suggests its effect may differ in mice of 

different genetic background [81]. Thus, the relationship between Pin1 and cancer may be 

complex and remains an area for additional investigation.

6. Epidemiologic evidence for the inverse relationship between cancer and 

AD

The first evidence of an inverse association between AD and cancer came from autopsy [82, 

83] and case control studies [84, 85]. Over the past decade, a number of cohort studies have 

found convincing evidence that cancer survivors develop less AD than expected, and that 

patients with AD develop less cancer [86–90].. Based on the observation that a history of 

cancer was less common in nursing home residents with AD, Roe and Behrens analyzed 

data from a longitudinal memory cohort [89]. People with AD had a hazard ratio (HR) of 

0.39 (95% CI 0.21–0.74) for the development of cancer compared to those without AD, after 

adjustment for age, gender and level of education. Those with a history cancer at study 
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baseline appeared to develop AD at a slower rate (HR=0.40; 95% CI 0.12–1.13). In a 

follow-up study using the Cardiovascular Health Study (CHS; n=3,020), the same group 

found that people with prevalent cancer at baseline had a lower risk of probable AD 

(HR=0.57; 95%CI=0.36–0.90), and those with prevalent AD had fewer cancer 

hospitalizations (HR=0.31; 95%CI 0.12–0.86) [90]. In the Framingham Heart Study cohort 

we showed that diagnosis with cancer decreased the risk of diagnosis with AD (HR=0.67; 

95%CI 0.47–0.97), and that incident AD decreased the risk of subsequent diagnosis with 

cancer (HR=0.29; 95%CI 0.26–0.58)[91]. Multiple well-designed studies have now shown 

that this “protective” association is not simply due to decreased survival in people with 

cancer, as the inverse association is the same in those who survive as in those who die 

during follow-up [87, 91]. It is also not an artifact of decreased cancer detection in those 

with dementia, as people with vascular dementia and stroke actually have an increased risk 

of cancer diagnosis [90, 91]. Finally, the association is not likely due to treatment for cancer 

or AD, since the inverse relation is seen both before and after the diagnosis of each 

condition [87]. More work in very large cohorts is needed to determine which specific 

cancer types are inversely related to AD.

Pin1 represents the most extended studied biological mechanism that could help explain this 

unusual epidemiologic association. However a number of other biological mechanisms have 

now emerged with similar and opposite impacts on these two major age-related diseases. 

The propensity of dividing cells to become malignant and that of neurons to undergo 

apoptosis is based on their very different teleology [92]. Dividing cells rely on mitosis, 

while neurons must maintain their connections with networked cells indefinitely and do not 

retain the ability to complete mitosis once mature. A neuron does have adequate machinery 

for programmed cell death, however, and will undergo apoptosis in the face of 

overwhelming damage. Thus, differential regulation of genes controlling the cell cycle, cell 

survival and apoptosis might be differentially regulated in neurons and dividing cells [93]. A 

recent transcriptomic meta-analysis seeking genes that are differentially regulated in cancer 

and AD identified Pin1 along with Wnt, P53 and a number of novel candidates [94]. 

Similarly, common pathogenic processes such as oxidative stress and damage [95], 

metabolic dysregulation [96, 97] as well as inflammation and immune dysregulation [1], 

may have different manifestations and effects in each cell type. Thus, further invesigation of 

the genetic and metabolic overlap between cancer and AD may yield important 

pathophysiological and therapeutic insights for both diseases.

7. Therapeutic implications of Pin1

Pin1-specific inhibitors offer the potential of a novel anti-cancer strategy that can disrupt 

many oncogenic pathways at the same time. As Pin1 knockout mice develop normally until 

adulthood and display little phenotypes for about two-thirds of lifespan in mice, it is possible 

that specifically targeting Pin1 may not have general toxic effects. Juglone, one of the few 

known Pin1 inhibitors, binds to and inactivates a cysteine residue in the Pin1 active site [98]. 

While it has anti-cancer activity, juglone inhibits many other proteins and thus lacks the 

necessary specificity [99]. Many of the anti-proliferative effects of EGCG, the major 

flavonoid in green tea, seem to be mediated by Pin1 inhibiting effects [100]. This compound 

reduced the growth of human breast cancer cells in mouse xenografts [101]. Although 
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EGCG is also not a specific Pin1-inhibitor, further study of its mechanism will likely 

provide additional insights for drug design. A number of features make Pin1 an attractive 

target for the design of small molecule inhibitors, including its well-defined active site and 

very high specificity as well as the potential to inactivate numerous oncogenes and to 

activate many tumor suppressors. A number of labs have been actively pursuing molecules 

that can inactivate either the PPIase or the WW domain [102]. Hopefully, these efforts will 

soon identify specific Pin1 inhibitors that can be used in clinical trials.

The inverse association between cancer and AD brings up obvious concerns about drugs that 

modulate Pin1 activity. In the case of Pin1 inhibitors for cancer, the solution may be to 

design drugs that do not cross the blood brain barrier. Because premature aging in knockout 

mice occurs only after long-term loss of Pin1, short-term anti-cancer therapy may not have 

acute effects. Proteasome inhibitors are commonly used in the treatment of cancer. Although 

they can cause Parkinson’s disease in mouse models, therapy-related Parkinsonism has not 

been reported in cancer patients.

Upregulation of Pin1 could be a viable strategy for neuroprotection if it could be limited to 

neurons, due its oncogenic potential in cycling cells. Another approach would be to 

determine the cause of Pin1 inactivation early in the pathogenesis of the disease and prevent 

it. Our current approach to designing Pin1-based therapy for neurodegenerative disease is 

based on our data that cis, but not trans, pT231 is an extremely early pathogenic 

conformation that can lead to AD [54]. Unlike Aβ plaques, tauopathy positively correlates 

with memory loss in AD patients [103, 104]. However, immunotherapy against tau has 

fallen far behind partially because misfolded tau was traditionally thought to be intracellular 

and thus inaccessible to antibodies. It is now known that toxic tau is actively transported 

from cells and can spread and transmit tauopathy between neurons [105–108] and that 

antibodies against p-tau induced by active or passive immunization reduce p-tau aggregates 

and ameliorate memory loss in AD mouse models [109–113]. We are now using 

conformation-specific antibodies to develop therapies that specifically target the pathogenic 

cis-conformation of tau, while leaving healthy-tau unharmed. Given that AD takes at least a 

decade to develop, immunotherapies specifically targeting the early pathogenic p-tau 

conformations is an exciting approach to arresting disease progression.

Both cancer and AD are broad terms to describe what are in reality a diverse group of 

diseases with a similar phenotype. As the effects of Pin1-based therapies might depend on 

the specific type of cancer or its history of development and the specific nature of an 

individual’s neurodegenerative disease or neural biochemistry, more work is needed to 

determine when and in which patients targeting Pin1 would make therapeutic sense.

8. Conclusion

The interesting story of Pin1 and its role in cancer and AD illustrates the very different 

priorities of cycling cells and neurons. Pin1 plays a key role in coordinating and controlling 

the cell cycle, which is critical to the survival of most tissues. Upregulation of Pin1 

promotes cancer through many simultaneous pathways and effective Pin1 inhibitors targeted 

to cycling cells would be powerful anticancer therapy. The neuron survives not by division 
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but through endurance, and its priority is somatic maintenance in the face of the forces of 

oxidation, somatic mutation, accumulation of waste products and other aging-related 

phenomena. Here Pin1 plays a neuroprotective role, helping to put misfolded proteins back 

to work, avoiding the accumulation of insoluble proteins, and responding to oxidative stress. 

More research is needed to better understand why Pin1 gets inactivated in AD and how this 

might be prevented. In the meantime, the ability to identify and target the toxic form of p-tau 

offers the possibility of developing neuroprotective therapies.
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Highlight

Pin1 regulates the function of a subset of phosphoproteins by catalyzing cis-trans 

isomerization.

Pin1 is activated and thereby promotes tumorigenesis by turning on multiple cancer 

pathways.

Pin1 is inhibited and thereby promotes against Alzheimer’s disease by acting on tau 

and APP.

Pin1 opens exciting preventive and therapeutic horizons for both cancer and 

neurodegeneration.
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Figure 1. Structure of Pin1
Pin1 has a unique substrate specificity that derives from its two domain structure. The WW 

domain specifically binds to the phosphorylated serine/threonine residue followed by a 

proline, and the PPI-ase domain flips the protein’s orientation around the proline bond.
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Figure 2. Action of Pin1 on target proteins
Pin1 is the only known enzyme thus far that can efficiently catalyze conformational change 

of the targets of proline-directed phosphorylation. H-bond = hydrogen bond. PT688 is the 

target of proline-directed phosphorylation, and other landmark amino acids are listed in 

black.
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Figure 3. Pin1 and regulation of aging
Compared to wild-type mice (WT), Pin1 knockout mice (Pin1−/−) develop widespread signs 

of premature aging but are very resistant to cancer.
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Figure 4. Pin1 and Alzheimer’s disease
Pin1 is highly expressed in adult neurons where it helps to keep tau and APP in healthy 

shape. Tau plays a key role in stabilizing microtubular structures. While the role of APP is 

poorly understood, it may have important neurotrophic properties. Once phosphorylated by 

protein kinases on specific sites, tau and APP can exist in –cis- and trans- conformations. 

The trans- isomer is still retains its physiological function and can be dephosphorylated and 

degraded. The cis- isomer is non-functional and is resistant to both dephosphorylation and 

degradation. Cis-APP is processed by the amyloidogenic pathway into pathogenic Aβ42. 

Pin1 protects ptau and pAPP by catalyzing their conversion from cis to trans as well as 

promoting their dephosphorylation. If Pin1 is absent or deficient, the GSK3 

hyperphosphorylates tau and the cis conformation accumulates, eventually leading to plaque 

and tangle formation, neurodegeneration and cell death.
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Figure 5. Pin1 helps coordinate mitosis in cycling cells
Entry into and progression through the cell cycle requires the cell to release its tight control 

on the expression of mitotic proteins. Pin1 helps to coordinate the required suppression of 

the many proteins that suppress growth and mitosis with the expression of mitogens. In this 

sense, Pin1 acts as a molecular “switch,” allowing the cell to transition from maintenance to 

reproductive mode.
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Figure 6. Pin1 and upregulation of Cyclin D1
One way in which Pin1 promotes oncogenesis is by increasing the expression of Cyclin D1, 

a key promoter of progression through the G1-S phase of the cell cycle. Pin1 accomplishes 

this by modulating the shapes of C-Jun Fos, β-catenin and NF-κβ proteins.
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