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Abstract
In this histopathological study, we have identified beta amyloid (Aβ) intracellularly in hippocampal specimens of
Alzheimer’s disease (AD) patients. This is a continuation of the same histopathological project in which we observed
biofilms intracellularly in the same neuronal cells in the same brain samples. To demonstrate that these were intracellular biofilms, we utilized the same techniques that showed biofilms in senile plaques in AD, in occluded eccrine
ducts in atopic dermatitis, and in tonsils of psoriasis patients. Lyme spirochetes have recently been cultured from AD
brains, and those same cultivated organisms have been shown in vitro to make biofilms, beta amyloid precursor protein (AβPP), and Aβ. We believe these spirochetes (and others) make the in vivo biofilms, and we believe our finding
of intracellular Aβ helps confirm the in vitro observations. The Aβ, in turn, has previously been shown to stimulate
the production and accumulation of hyperphosphorylated tau protein which has been shown to result in axonal and
dendritic disintegration. With neuronal cell deterioration, the biofilms, AβPP, Aβ, and neurofibrillary tangles that were
once inside are now present outside the cells. Once in the tissue, biofilms lead to upregulation of Toll-like receptor 2
(TLR2) which by known pathways leads to further production of Aβ. Thus, the Aβ can be derived from two sources:
one is the spirochetes themselves and the other is from the activation of the innate immune system. The two major
components of AD (tau protein and Aβ) have consequently been shown to be created by the pathogenic spirochetes.
The spirochetes themselves have been shown to be of Lyme disease and dental origin.
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extracellular [10,11]. The extracellular (outside the neuron) βAPP, in
turn, can become a source for the Aβ which is a major contributor to AD.

Introduction

Recent review of our AD specimens has shown Aβ in an intracellular
location; this was present in all the AD specimens and in none of the
controls. This is further confirmation of intracellular microbes and
biofilms as well as further confirmation of Miklossy’s in vitro findings.
We discuss the impact this intracellular Aβ has on tau protein in its
role in the disease.

Recently, we have observed intracellular biofilms within
hippocampal neurons in Alzheimer’s disease (AD) brains [1]. These
biomasses stained positively for periodic acid Schiff (PAS) and
Congo red (CR) which stain extracellular (outside the microbe)
polysaccharides (EPS) and amyloid respectively. The EPS make up the
bulk of the biofilm while the amyloid forms its scaffolding [2]. Whereas
Lyme (Borrelia burgdorferi) spirochetes have been cultivated from AD
brains and dental spirochetes have been found by PCR in those same
brains (25% Lyme, 75% dental), it seems apparent that those microbes
are making the biofilms [3,4]. The dental organisms are well known for
making biofilms (plaque) on teeth, and the Lyme organisms cultured
from AD brains have also been shown to make biofilms [3,5]. That these
microbes make biofilms is not in any way unusual: most organisms in
nature live in biofilms as opposed to the planktonic state [6].
Presumably, the microbes are using their quorum sensing genes
to make the biofilms because, once inside the cell, they are not
subject to any environmental stresses that may be present outside the
cell [7]. Such stresses include salt, water, hyperosmolality, elevated
temperatures, among others [8]. The quorum sensing mechanism for
biofilm formation is relatively prolonged as opposed to the various
stressors which cause biofilms to be made much more rapidly [7]. This
may be a factor in the slow development of AD [9].
Recently, as has been stated, Miklossy has cultivated Lyme
spirochetes from AD brains; those organisms were then stressed, and
they made biofilms in vitro. They also made beta amyloid precursor
protein (βAPP) and beta amyloid (Aβ) [3]. This production from the
microbes is very likely a major source of βAPP when the cells lyse
(after the disintegration of the dendrites) and the material becomes
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Materials and Methods
Hippocampal specimens (which had been previously examined)
from 7 AD patients and 11 controls were stained with routine
hematoxylin and eosin, PAS, CR, Aβ immunostain, CD 282 (Tolllike receptor 2 [TLR2]), and PAS combined with Aβ immunostain.
These were reviewed by 4 pathologists; the specimens were not
blinded because, by gross inspection of the hippocampal tissue on the
microscopic slide, it was possible to identify The AD hippocampi.

Results
Results from the staining have been presented previously;
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recapitulation of those findings showed that the plaques (a signature
finding in AD pathology) were composed of biofilms because of their
staining with PAS and CR, and that Aβ co-localized with the plaques in
addition to being present elsewhere. TLR2 was present extracellularly
throughout the tissue. Intracellular biofilms were noted, and, most
recently, intracellular Aβ was observed (Figures 1-4).

Discussion
These findings confirm many prior observations in the
histopathological study of AD brains. First, and probably most
important, the presence of Aβ inside the neurons (Figures 1-4)
coupled with the prior observation of intracellular biofilms confirms
the observations of Miklossy where Lyme spirochetes that were
cultured from AD brains made biofilms, βAPP, and Aβ when stressed
[3]. This shows that what took place in vitro occurs in vivo as well. It
also confirms the presence of intracellular biofilms; and, in so doing,
confirms the presence of the microbes (spirochetes) that make these
biofilms.
Figure 3: Intracellular biofilms (Congo red stains the amyloid (the infrastructure
of biofilms) which is present intracellularly 10x).

Figure 1: Co-aggregation of biofilm and Aβ (A senile plaque stained with
PAS and Aβ immunostain. The Aβ (dark brown-black) co-localizes with the
PAS (pink) which represents the extracellular polysaccharides of biofilm. Light
staining (arrows) in cytoplasm represents intracellular Aβ 40x).
Figure 4: Intracellular Aβ (Combined PAS and Aβ immunostain. Brown-black
staining (Aβ, white arrows) is present intracellularly 40x).

Figure 5: Dendrite disintegration (Schematic from ADEAR Alzheimer’s disease
education and referral center, a service of the National Institute on Aging showing formation of neurofibrillary tangles).
Figure 2: TLR2 (CD 282 (TLR2) Small brown-black deposits are present
throughout the tissue 10x).
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Next, the Aβ fibrils, which have been produced during the
formation of the intracellular biofilms, have been shown to induce
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the last stage of syphilis [15]. It seems most reasonable to treat
early Lyme disease and pre-dental exposures with this agent.
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