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EXPLANATORY NOTES – TERRY’S PRESENTATION
Slide #1.
Structure of the human brain in normal aging and AD.

Slide #2.
Abbreviations.
Slide #3.
The brain shrinks in normal aging. This is probably due to loss of myelin.

From RD Terry, R DeTeresa & LA Hansen. Ann Neurol. 1987, 21:532.  John Wiley & Sons.
Slide #4.
Modest shrinkage of the width of the neocortex during normal aging. Taken together with the previous slides which showed a somewhat more pronounced decrease in whole brain weight, this suggests that aging has a general effect on the different brain parts and that the neocortex is affected somewhat less than the other parts of the brain.

Slide #5.
Image analysis of the brain sections with the Quantimet. The microscopic image is digitized and seen on one screen for editing, counting and measuring, while the other screen is for special purposes including the program and the results.

Slide #6.
The effects of aging on the number of large neurons whose cross section area is greater than 90 micron2. The count was done with the Quantimet which was programmed to count cells in various size categories subsequently reduced to 3: large neurons, small neurons and glia. The counts were through the whole thickness of the cortex in a rectangle on the side of the gyrus. The section was 20 microns thick, and the sample is considered to be representative of that region of neocortex. Counts were carried in MF, IP, and ST.

From RD Terry, R DeTeresa & LA Hansen. Ann Neurol. 1987, 21:532.  John Wiley & Sons.
Slide #7.
The effects of aging on the number of small neurons whose cross section area is 40 - 90 micron2.  Results depicted are from the  mid frontal (MF) cortex and show a small but significant increase in the number of small cells.  Note that the number of large and  small cells in young subjects are roughly equal (~ 600 neurons) and the decrease in the number of large neurons between the ages of ~ 25 to ~ 90 years (e.g. from ~ 600 neurons to ~ 300 neurons) is of the same magnitude as the increase in the number of small cells during aging (e.g. from ~ 600 neurons to 900 neurons). This suggests that the main effect of normal aging is on the conversion of large to small neurons. Also note the different scales of figures 6 and 7 and that the relatively more scattered data of the small cell numbers are a statistical consequence of the fact that the two-fold decrease in the number of large cells translates to a 50% increase in the number of small cells.

From RD Terry, R DeTeresa & LA Hansen. Ann Neurol. 1987, 21:532.  John Wiley & Sons.
Slide #8.
Total number of cortical neurons during normal aging. Results depicted are the total number of mid frontal cortex neurons and they show, as expected from the previous two slides, that there is no loss of neurons in normal aging. Note that the cell number scale of this slide is expanded relative to those of the previous slides.

From RD Terry, R DeTeresa & LA Hansen. Ann Neurol. 1987, 21:532.  John Wiley & Sons.
Slide #9.  Summary of brain structural changes during aging.  The total number of neurons does not change with aging, whereas the number of large neurons decreases and that of small neurons increases.

MF – mid frontal cortex; ST – superior temporal cortex;

IP – inferior parietal cortex.

Slide #10.
 Synaptic loss during aging. These synapses were counted with the confocal microscope on slides from area 9 stained with anti-synaptophysin.

From E Masliah, BS Mallory, LA Hansen, R DeTeresa, RD Terry;  Neurology  1993, 43: 194. Lippincott,  Williams & Wilkins.

Slide # 11.  Lateral view of an AD brain to show sulcal widening.

From R Katzman & RD Terry, “Neurology of Aging.”   Oxford University Press, 1983, p 55.

Slide #12.  Coronal section of an AD brain showing large ventricle, thin cortex and the nucleus basalis of Meynert (NBM).

From R Katzman & RD Terry, “Neurology of Aging.”   Oxford University Press, 1983, p 56.

Slide #13.  Age is not a factor in AD brain weight. 

Slide #14.  The brain shrinks as the disease progresses.

Slide #15.  The effects of AD on large cortical neurons. Results shown are the number of large neurons in the indicated cortical brain areas relative to those of age-matched normal controls. AD is more aggressive in the younger cases with dominant AD genes. The total number of neurons declines in AD. There is no “compensatory” rise of small neurons. Big ones do not shrink; they die in AD!

From RD Terry, E Masliah & LA Hansen;  “Alzheimer Disease,” Lippincott,  Williams & Wilkins, 1999, p196.
Slide #16.  AD is associated with increased fibrous astrocytes. This slide is somewhat misleading. I do not think that there is an actual increase in number of astrocytes, they simply are reacting to the cortical changes by developing cytoplasmic fibers and thus become recognizable with anti-GFAP.

From R Schechter, S-H Yen, & RD Terry J.  Neuropath Expmt Neurol.  1981, 40:98. 

Reproduced with permission from the Journal of Neuropathology and Experimental neurology.
Slide #17.  Histological staining of brain.

From RD Terry, E Masliah & LA Hansen;  “Alzheimer Disease,” Lippincott,  Williams & Wilkins, 1999, p190.
Slide #18.  Plaques and tangles are common.  The criteria for diagnosis based on plaque density have changed over the years. There was the Khachaturian convention, later the CERAD agreement, etc. More recently, people have adopted the Braak stages, but it does not recognize tangle-free cases such as those recently emphasized by the republication of Alzheimer’s second case.

Slide #19.  A high magnification of thioflavin stained plaque.

Slide #20.  Low magnification EM of plaque with amyloide core and of neurites containing dense bodies and PHF.  The magnification is about 7,000X. EM sections were routinely ‘stained’ with lead hydroxide with or without added uranyl acetate.

From RD Terry,  NK Gonatas & M Weiss;  Am J Path, 1964, 44: 283.  American Society for Investigative Pathology.
Slide #21.  Another plaque at low magnification EM.

From RD Terry,  NK Gonatas & M Weiss;  Am J Path, 1964, 44: 283.  American Society for Investigative Pathology.
Slide #22. High magnification EM of a plaque. The plaque is fibrillar and extracellular.

From RD Terry,  NK Gonatas & M Weiss;  Am J Path, 1964, 44: 283.  American Society for Investigative Pathology.
Slide # 23.  The relationship between amyloid and glia.  Many think that the amyloid is being ingested by the microglia prior to being digested. Others think that microglia produce A-beta and extrude it as filamentous amyloid.

From RD Terry,  NK Gonatas & M Weiss;  Am J Path, 1964, 44: 283.  American Society for Investigative Pathology.
Slide #24.  PHF and dense bodies near the synapse.  This is an unmyelinated axon approaching its terminal in a plaque. The dense bodies are lysosomes as shown in the next slide. The long gray fibers are PHF.

From RD Terry, E Masliah & LA Hansen;  “Alzheimer Disease,” Lippincott,  Williams & Wilkins, 1999, p191.
Slide #25.  The dense bodies react positively by acid phosphatase histochemistry, thus suggesting that they are lysosomal.

From K Suzuki & RD Terry; Acta Neuropath.  1967, 8: 280. © Springer Verlag
Slide #26.  Examination of the extent of correlation between plaques number and cognitive decline. Results shown are from a publication by Blessed, Tomlinson and Roth (British J Psychiatry 1968, 114, 797), in which it was claimed that there is a correlation between cognitive performance (y-axis) and plaque number (x-axis). However, the correlation is due to subjects with no or very low plaques which are non-AD and are cognitively competent.

From G Blessed, M Tomlinson & M Roth; Brit J. Psychiat.  1968,114: 797
Slide #27.  There is no correlation between plaque number and cognitive score of AD patients. Results shown are senile plaques in the inferior parietal (IP) cortex. Similar results were obtained in other cortical areas (e.g. MF, IP, ST).

Slide # 28.  The senile tangle as drawn by Bonfiglio in 1908.

From F. Bonfiglio, Organa della Societa Freniatrica Italiana, 1908, 34: 670.
Slide #29.  The tangle as seen with thioflavin staining. 

Slide #30. Tangles are often concentrated in the entorhinal cortex.  Tangles are usually most prominent in entorhinal area, hippocampus and basal nucleus. Plaques undoubtedly come first in the neocortex. People over 70 may have typical AD with no neocortical tangles (Alzheimer’s second case published in 1910 and reexamined later. Graeber et al, Neuroagenetics, 1997, 1:73-80; also, Terry et al., J. neuropath Expt Neurol, 1987, 46:262-268). Is it possible that they lack some polymerizing factor re hyperphosphorylated Tau?

Slide #31. EM of tangle. The tangle is composed of a band of fibers above the nucleus. The justification for the words PHF = paired helical filaments will become apparent in the following slides.

From R Katzman & RD Terry; ”Neurology of Aging,” Oxford University Press. 1983, p60.
Slide # 32.  A high magnification of a tangle. The tangle  is made of paired filaments which are jointly twisted in a helix. PHF are of indefinite length. They twist at about 800 Angstrom intervals.

from RD Terry, E Masliah & LA Hansen;  “Alzheimer Disease,” Lippincott,  Williams & Wilkins, 1999, p193.
Slide #33.  A rare example showing post-synaptic fibrillar degeneration in AD. In general most of the degeneration (e.g. tangles, PHF and dense bodies) are much more prominent in the nerve terminals.

Slide #34. Cortical tangles correlate weakly with cognition. Cognition was measured by the Information – Memory Concentration (IMC)  test, whereas tangles per high power field (HPF) were measured in the mid frontal cortex.  Cortical tangles correlate weakly with all three of our tests of cognition-Blessed (IMC), MMSE, and DRS. The IMC counts errors, so a high score is bad.

Slide #35. The level of tangles in the nucleus basalis correlates more strongly with cognitive decline (high “Blessed” score) than those of cortical neurons. The Blessed test emphasizes memory so the basal nucleus and the cholinergic system are particularly important in this test. Memory correlates strongly with BNM neurons – these are cholinergic. ChAT & AchE immunostains present reasonably accurate pictures of cholinergic populations and thus will indicate memory ability. I doubt that the cholinergic system or the BNm cells would correlate well with other cognitive abilities, which are not dependent on memory.

From W Samuel, RD Terry, R DeTeresa, N Butters & E Masliah;  Arch Neurol 1994, 51:775.  JAMA

Slide #36.  Techniques for quantitation of pre-synaptic terminals. The classic and more laborious technique is EM, where nerve terminals can be identified by specific morphology (e.g. synaptic vesicles) and their area can be quantitated by image analysis.


Additional and more “user friendly” techniques are based on the use of antibodies to the synaptophysin which is a specific presynaptic protein. These antibodies can be used either in immunohistochemistry or for direct biochemical quantitation of the levels of this protein in brain homogenates. The former include microdensitometry of thin paraffin sections or confocal microscopy on thick sections in which the nerve terminals are quantitated either by the intensity of staining or by the fraction of the field which is synaptophysin-positive.

Slide #37.  Confocal microscopy. The laser-based light microscopy method enables the visualization of very thin “optical sections” (~ 0.5 micron) of a thick section, thereby enabling the visualization of small distinct structures which  would not be resolved in thicker sections in which they would be obscured by other structures which lie either above or below their focal plain. The technique is based on the use of an aperture at the focal point which greatly improves the resolution and sharpens the focal plain. It is particularly suitable for visualization of structures such as synaptic terminals which, in regular light microscopy, appear as a continuously stained grainy area, and which in the confocal microscope appear as discrete measurable stained dots on a blank background.

Slide #38.  Confocal cortical images with anti synaptophysin of AD (left) and a normal control brain (right). Each green granule is a presynaptic body.

From RD Terry, E Masliah & LA Hansen;  “Alzheimer Disease,” Lippincott,  Williams & Wilkins, 1999, p197.
Slide #39.  Cortical synapse levels correlate with cognitive function. Results shown are the correlation coefficients between synaptic density in the MF (as determined with anti synaptophysin antibodies) and the results of three different cognitive tests.


IMC – Information Memory Concentration test (Blessed)


MMSE – Mini Mental State Examination


DRS – Dementia Rating Scale


Note that the above correlation coefficients are much higher than those observed between cortical tangles and cognition (r = 0.325; see slide #34).

Slide #40.  Comparison of cortical synaptic density of AD and control brains. Results shown are from the mid frontal and inferior parietal cortex of the indicated number of brains. Note the complete lack of overlap between the groups in the parietal cortex. Different symbols near the data points corresponds to MF and IP measurements from the same individual.

From RD Terry, E Masliah, DP Salmon, N Butters, R DeTeresa, R Hill, LA Hansen & R Katzman; Ann Neurol.  1991,30: 575-580. ©  John Wiley & Sons.

Slide #41.  The loss of synapses in AD is greater than that of neurons.  This suggests that synapses go first.

Slide #42.  The level of cortical synapses and large neurons are correlated. AD brains which have lower levels of large neurons also have less synapses. Results shown are of MF synapses and IP large neurons. The choice of these areas is related to the function connectivity of these areas and their role in forward flow of information. Taken together with the previous slide, these results suggest that the extent of synaptic loss precedes and possibly triggers neuronal loss.

Slide #43.  Assessment of the factors which contribute to the observed loss of cortical synapses. Results show that most of the synaptic loss in the mid frontal cortex (~ 84%) is due to the loss of large neurons in the inferior parietal cortex and that only a small fraction is due to senile plaques and aging.

Slide #44.  Neurophil threads. In addition to senile plaques and neurofibrillary tangles, thioflavin S also stains short thread-like structures which are called ‘neurophil threads’. These are mostly dendrites which contain PHF. They are fairly common in cases with tangles and are in dendrites and axons but not necessarily in cells with somatic tangles.

Slide #45.  Blood vessels are also associated with amyloid.  The amyloid is in the wall of the vessel, and occasionally infiltrates the surrounding tissue. Most investigators believe that it comes from the tissue, but Glenner suggested otherwise.

Slide #46.  Amyloid contained in blood vessels is thioflavin positive. The amyloid is exclusively in small arteries – not in veins.

Slide #47.  Mitochondrial pathology in AD. The mitochondrial cristae are enlarged as has been shown in experimental lesions produced in other organs.

Slide #48.  Granulo-vacuolar bodies (GVB) are common but not specific to AD. The granule (usually singular) lies within a vacuole. There may be more than one in a cell. The GVB is found only (for practical purposes) in the hippocampus. GVB’s increase in aging and in AD.

Slide #49.  EM of a GVB showing the occurrence of granular bodies and vacuoles. 

Slide #50.  Hirano bodies occur in AD. The section displays a Hirano body overlaying a neuron with granulo-vacuolar bodies. Hirano bodies are rod structures first described in the hippocampus of patients with Guam Parkinson/dementia/ALS syndrome. They are also found in the hippocampus in AD but are not specific to this disease.

Slide #51.  EM of a cross section of a Hirano body showing that it is composed of concentric layers of neurofilaments. The mechanism of formation of the Hirano bodies is unknown but it is reported that they contain actin, tropomyosin and other cellular components. Their configuration is unique and is diagnostic of their nature, but their significance is not known.

Slide #52.  The contribution of distinct neuropathological features to cognitive decline in the Blessed test.

Slide #53.  The contribution of distinct neuropathological features to cognitive decline in the MMSE (Mini Mental State Exam) test. Stepwise regressive analysis revealed decreased performance in the MMSE, which emphasizes memory less than the Blessed test, is related to the following factors:

Comparison of the key neuropathological features which contribute to the cognitive decline in the Blessed and MMSE tests and which are shown in this and the previous slide revealed the following:

Pathology/Test

Blessed

MMSE

BnM tangles



53%



24%

Loss of BnM synapses

   -



  6%

Loss of BnM neurons


  7%



13%

Mid frontal cortex synapses
28%



50%

Other





12%



  7%

This suggests that MF synapses and BnM tangles (which reflect diminished cholinergic function are the key contributing factors.

Slide #54.  Summary and final thoughts.

Slide #55.  Collaborators.
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