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Figure 1: Diagram of Alzheimer’s disease (AD) disease 
progression. Patients will present with EOAD or LOAD with 
both resulting in accumulation of Aβ in the limbic system. Aβ 
will result in tau hyperphosphorylation leading to neurofibril-
lary tangle formation. Patients will have neuronal loss and 
dysfunction presenting as dementia. Made with Biorender.

Figure 2: Anatomy of the cribriform plate 
(CP): The CP is a part of the ethmoid bone 
where the olfactory bulb sends its neuronal 
projections. Lymphatics access cerebrospi-
nal fluid through perineural, perivascular, 
and direct pathways.  Made with Biorender. 

C. 

Figure 9. Working model 
of Aβ deposition in the 
cribriform plate.  Sche-
matic showing Aβ deposi-
tion at LYVE-1+ and  podo-
planin+  lymphatics at the 
CP as well as perineural 
accumulation of Aβ.This 
build-up likely contributes 
to decreased CSF efflux 
seen in AD patients. Made 
with BioRender. 
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In AD patients and in APP/PS1 mice, is the cribriform plate a site of Aβ deposi-
tion? Does it contribute to decreased CSF clearance and functional deficits?

Research Question

 Aβ deposits at the cribriform plate 
in a post-mortem AD human samples
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References Acknowledgements

 Introduction to Alzheimer’s Disease

The authors would like to acknowledge the clinical and neuropathology diagnostic support provided by the Wisconsin ADRC's Clinical, Neuropathology, and Biomarkers Cores, and 
biostatistical support provided by the Data Managment and Biostatistics Core. This was supported by NIH-NIA grant number (P30-AG062715). The authors would like to acknowledge 
the Cancer Center Support Grant: NCI P30 CA014520, University of Wisconsin Small Animal Imaging & Radiotherapy Facility and NIH S10OD028670-01 for supporting this work. 
Additionally, we thank the University of Wisconsin Translational Research Initiatives in Pathology (TRIP) Laboratory, supported by UW Department of Pathology and Laboratory Medi-
cine, UWCCC (P30CA14520) and the Office of the Director NIH (S10 OD023526). We thank the Optical Imaging Core, supported by 1S10034394-01. The work was supported by NIH 
grant 5R01NS126595 to Z.F. Training support to S.M.V. through 5T32GM135119, 5T32GM140935, and F30AG101796-01. The authors have no conflict of interest to declare.

- 

- CSF is reabsorbed through 1) arachnoid villi and granulations, 2) perivascular channels 
termed the “glymphatic system,” 3) dural lymphatic vessels, and 4) lymphatic pathways along 
cranial nerves. One important cranial nerve pathway is the cribriform plate lymphatics (cpLVs), 
which exist between the olfactory bulb and along the olfactory nerves (ON). The contribution 
of each to CSF clearance remains under debate.9-13 

- Alzheimer’s Disease (AD) is the most common 
form of dementia1, affecting 60 million people world-
wide, and >90% of patients can have olfactory dys-
function2. 

- AD is a progressive, neurodegenerative disease 
characterized by excess deposition and impaired 
clearance of amyloid beta (Aβ) and neurofibrillary 
tangles of hyperphosphorylated tau. 

- There are no curative treatments for AD. Current 
treatments include acetylcholinesterase inhibitors, 
which do not slow disease progression but improve 
symptoms3, and N-methyl-D-aspartate receptor an-
tagonists4. Monoclonal antibodies such as lecanem-
ab have been approved with a 25% slower cognitive 
decline in patients, but there are concerns with their 
side effect profile5. 

- Research has shown that impaired cerebrospinal 
fluid (CSF) drainage is seen in patients in AD, and 
it has been postulated that improving lymphatic 
drainage may improve Aβ clearance8,9.

- Despite important work describing the cribriform plate lymphatic en-
dothelial cells (cpLECs) and associated cpLVs as an important 
drainage site and hotspot for immunosurveillance of CSF in models 
of infection, autoimmunity, and stroke, the role of the cribriform 
plate (CP) in AD has not been described10,13-16. Moreover, 
PET-measured CSF clearance in humans has shown reduced 
tracer clearance in the nasal turbinates suggesting impaired clear-
ance at the CP8,17. 

- We utilized APP/PS1 mice, which carry mutations in amyloid pre-
cursor protein (APP) and processing proteins, PSEN, to model AD 
disease progression.

- The contribution of CNS-associated lymphatics to the development of AD remains de-
bated. The cribriform plate lymphatics have not been studied in the context of AD, and 
we show that the cribriform plate is an active area of Aβ accumulation, warrant-
ing further investigation in both humans and mice. 

- We show that in 24-month-old APP/PS1 mice, there is decreased CSF drainage at 
the cribriform plate through multiple modalities, recapitulating clinical findings. 

- The restricted CSF drainage correlates with substantial Aβ deposition in the cribri-
form plate foramina, perineural accumulation along olfactory nerves, and close 
association with the cribriform plate LVYE-1+ lymphatic vessels. 

- The deposition results in pathology such as altered olfaction, decreased c-Fos and 
VAchT of ON and decreased lymphatic vessel area. Interestingly, despite the de-
crease in vessel area, there is an increase in CD45+ immune cell recruitment and ele-
vated caspase-3+ expression suggesting an inflammatory response.

- We demonstrate decreased CD11Chi cell recruitment at cpLV area suggesting im-
paired dendritic cell trafficking, likely impacting antigen priming. Future experiments 
will involve delineating this relationship. 

- This study highlights the cribriform plate as a previously unknown site of Aβ pathol-
ogy and supports further investigation into CNS-associated lymphatics as potential 
modulators and therapeutic targets in AD. Future experiments include utilizing 
lymphangiogenic agents to see if CSF efflux can be restored.  
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Figure 3. Aβ deposits in the cribriform plate lymphatics (cpLVs) and in olfactory nerves in confirmed AD 
patient. (A) Experimental schematic of processing of human cribriform plate (CP) samples. (B-C) Representative 
image of a decalcified post-mortem cribriform plate from a 78-year old patient with confirmed AD stained with Am-
yloid-β (4G8) showing Amyloid-β at olfactory nerves (ON). (D-E) Representative image from a non-neurologic 
control (NNC) 34-year old CP (D) and a 78-year old confirmed AD CP (E) stained for Amyloid-β (6E10), CD45 
(YAML501.4), and DAPI. (F-G) Representative image from a non-neurologic control (NNC) 34-year old CP (F) 
and a 78-year old confirmed AD CP (G) stained for Amyloid-β (4G8), Podoplanin (MZ-1.3), and DAPI. AD = Alz-
heimer’s Disease, NNC = Non-neurologic control, ON = olfactory nerve. 

 Aged APP/PS1 mice recapitulate olfactory 
dysfunction seen in AD patients

Figure 4. Aged APP/PS1 mice show olfactory dys-
function that worsens with age and disease status. 
(A) Experimental schematic of olfaction habituation 
dishabituation testing. (B) Results from olfaction habit-
uation dishabituation testing  on 24-month old male 
and female mice littermate and APP/PS1 mice (n=10). 
Two-way ANOVA was performed for (B-C) with  * 
p-value <0.05 and*** p-value < 0.001. Results shown 
are data +/- S.E.M.
 

 Aβ coats olfactory nerves in APP/PS1 
mice resulting in decreased activation  

OB
OB

Aβ deposits in cribriform plate lymphatics
in APP/PS1 mice resulting in atrophy

Figure 6. Aβ deposits in the cribriform plate lymphatics (cpLVs) in APP/PS1 and 5XFAD mice resulting in 
decreased LYVE-1+ vessel area and increased cleaved caspase-3. (A) Anatomical schematic of cribriform 
plate area displaying the olfactory bulbs (OB) and the cribriform plate (CP) with the cribriform plate lymphatic 
area (cpLV) between the OBs. (B-D) Representative images of whole-head decalcified cribriform plates of 
24-month old littermate (B), 24-month old APP/PS1 (C), and 17-month old 5XFAD (D) stained for LYVE-1 
(ALY7),  Amyloid-β (D54D2), and DAPI. (E) Quanfication of Amyloid-β at the cpLV area in 24-month old AP-
P/PS1 mice (n=5) using Imaris. (F-G) Single-channel image of LYVE-1 area of 24-month old littermate (F) and 
24-month old APP/PS1 mice (G). (H) Quantification of cribriform plate lymphatic vessel (cpLV) LYVE-1+ vessel 
area (n=3) using ImageJ. (I) Anatomical scheme of cpLV area with red box indicating where (J) and (K) were 
taken on 60X magnification. (F) Representative image of 24-month-old littermate (J) and 24-month-old APP/PS1 
(K) stained for Podoplanin (8.1.1), cleaved caspase-3 (D175), and Amyloid-β (1-40).  Data is shown as +/- 
S.E.M. A Student’s t-test was performed on GraphPad Prism with with p-value =  =0.0002 (E), 0.0259 (H), and 
0.0226 (L).  OB = olfactory bulbs, ON = olfactory nerves, WT= wild-type,  cp= cribriform plate lymphatic vessels.
 

APP/PS1 mice have decreased CSF efflux 
at the cribriform plate area

Figure 5. Aβ coats olfactory nerves in 24-month old APP/PS1 mice and is associated with decreased 
c-FOS activation and decreased VAchT of ON. (A-B) Anatomical schematic of cribriform plate with transverse 
view (A) displaying olfactory nerves (ON) transversing cribriform plate (CP) and (B) coronal view. (C-D) Repre-
sentative image of a decalcified 24-month old APP/PS1 CP stained for CD45 (30-F11), LYVE-1 (ALY7), DAPI, 
and Amyloid-β (D54D2). (E-G) Representative image of decalcified 24-month old littermate (E) and 24-month 
old APP/PS1 mice (F) olfactory nerves stained for TUBB3, VAchT, c-Fos (9F6), and DAPI. (G-H) Quantification 
of olfactory nerve area normalized to DAPI (n=5-6) with average of 5 ON areas using ImageJ. Data is shown as 
+/- S.D. A Student’s t-test was performed on GraphPad Prism with with (G) p-value <0.0001 and (H) 0.0013. OB 
= olfactory bulbs, ON= olfactory nerve, CP = cribriform plate, NE= nasal epithelium. 
 

Figure 7. Aged APP/PS1 mice display decreased CSF efflux measured through serial SPECT imaging and 
clearance of microsphere beads. (A) Experimental schematic of technetium-99m (Tc-99m or 99mTc) clear-
ance. 99mTc was administered through an intrathecal injection into 24-month old APP/PS1 mice and littermate 
controls and serial SPECT images were taken. (B-C) Representative CT images at the cribriform plate with 
SPECT data overlayed using Imalytics software of 24-month old littermate (B) and 24-month old APP/PS1 mice 
(C). (D) Quantification of 99mTc in the CP area at five-minutes post-injection through Imalytics software. (E) Ex-
perimental schematic of intraventricular 0.2 µM Microsphere bead injection. (F-G) Representative images of de-
calcified 24-month old littermate (F) and 24-month old APP/PS1 (G) injected with 0.2 µM Microsphere beads 
stained with LYVE-1 (ALY7),  Amyloid-β (D54D2), and DAPI adjacent to single-channel image of 0.2 µM Micro-
sphere beads. (H) Quantification of 0.2 µM Microsphere beads within the cpLV area (F-G).  Data is shown as +/- 
S.E.M. Results of a two-sided Student’s unpaired t-test (* P<0.05). OB = olfactory bulbs, CP= cribriform plate, 
cpLV area = cribriform plate lymphatic area. 
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 APP/PS1 have increased immune cells and 
decreased CD11Chi cells at cpLV area

Figure 8. Aged APP/PS1 mice display increased immune cell recruitment and decreased CD11Chi cells at 
cpLV area. (A-B)  Representative images of 24-month old littermate (A) and 24-month old APP/PS1 (B) stained 
for LYVE-1 (ALY7),  Amyloid-β (D54D2), CD45 (30-F11) and DAPI. (C) Quantification of CD45+ cells at cpLV area 
using ImageJ software. (D-E) Representative images of 24-month old littermate (D) and 24-month old APP/PS1 
(E) stained for CD11C, CD45 (30-F11), and DAPI with yellow arrows highlighing CD11C cells. (F) Quantification 
of CD11C+ cells at cpLV area using ImageJ software. (G) Quantification of CD11C cells in superficial cervical 
lymph node (SCLN) using ImageJ software. (H) Quantification of CD11C+ cells at the cribriform plate using FACs 
in 17-month old 5XFAD mice. Data is shown as +/- S.E.M. Results of a two-sided Student’s unpaired t-test (* 
P<0.05, **P<0.01). OB = olfactory bulbs, CP= cribriform plate, cpLV area = cribriform plate lymphatic area. 
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