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Abstract

Olfactory dysfunction is common in Parkinson’s disease and is an early symptom, but its pathogenesis remains
poorly understood. Hindering progress in our mechanistic understanding of olfactory dysfunction in Parkinson’s
disease is the paucity of literature about the human olfactory bulb, both from normal and Parkinson’s disease cases.
Qualitatively it is well established that the neat arrangement of the glomerular array seen in the mouse olfactory bulb
is missing in humans. But rigorous quantitative approaches to describe and compare the thousands of glomeruli
in the human olfactory bulb are not available. Here we report a quantitative approach to describe the glomerular
component of the human olfactory bulb and its application to draw statistical comparisons between olfactory bulbs
IURP QRUPDI DQG 3DUNLQVRQIV GLVHDVH FDVHV = H VXEIHFIHG KRUJRQID0 3P VHFILRQV RI RIDFIRI\ EXIEV IRP
VL[ QRUPD) DQG ¢YH 3DUNLQVRQIV GLVHDVH FDVHV IR AXRUHVFHQFH LPPXQRKLVIRFKHPLVILA ZUIK DQILERGLHV DJIDLQVII
vesicular glutamate transporter-2 and neural cell adhesion molecule. We scanned the immunostained sections
ZUIK D AXRUHVFHQFH VILGH VFDQQHU VHIPHQIHG IKH JIRPHUXIL DQG JHQHUDIHG = UHFRQVIUXFILRQV Rl ZKRIH RIDFIRU\
bulbs. We document the occurrence of atypical glomerular morphologies and glomerular-like structures deep in
IIKH ROIDFIRU\ EXIE ERIK LQ QRUPDI DQG 3DUNLQVRQIV GLYHDVH FDVHV = H GH:QH D QRYH) DQG REIHFILYH SDUDPHIHU IKH
JIRED! JIRPHUXIDU YR[H! YRIXPH ZKLFK LV IKH IRID0 YRIXPH RI Di) YR[HWV IKDW DUH FIDVVLEHG LPPXQRKIVIRFKHPLFDI\
DV JIRPHUXIDU = H ¢QG KDl IKH JIRED! JIRPHUXIDU YR[H! YRIXPH LQ 3DUNLQVRQTV GLVHDVH FDVHV LV KDl IKDIl RI QRUPDO
cases. The distribution of glomerular voxels along the dorsal-ventral dimension of the olfactory bulb in these series
RI' KRUJRQID! VHFILRQV LV VLIQL FDQIN\ DOHUHG LQ 3DUNLQVRQV GLVHDVH FDVHV ZKHUHDV PRV JIRPHUXIDU YR[HV UHVLGH
within the ventral half of olfactory bulbs from normal cases, glomerular voxels are more evenly spread among the
ventral and dorsal halves of olfactory bulbs from Parkinson’s disease cases. These quantitative whole-olfactory bulb
DQDO\VHV LQGLFDIH D SUHGRPLQDQIN YHQIUD) GH¢, FLILQ IKH JIRPHUXIDU FRPSRQHQI LQ 3DUNLQVRQIV GLVHDVH FRQVLVIHQI ZLIK
the olfactory vector hypothesis for the pathogenesis of this neurodegenerative disease. The distribution of serine
129-phosphorylated alpha-synuclein immunoreactive voxels correlates with that of glomerular voxels. The higher the
serine 129-phosphorylated alpha-synuclein load of an olfactory bulb from a Parkinson’s disease case, the lower the
global glomerular voxel volume. Our rigorous quantitative approach to the whole olfactory bulb will help understand
the anatomy and histology of the normal human olfactory bulb and its pathological alterations in Parkinson’s disease.
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