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Nanobacteria: controversial pathogens in nephrolithiasis and

polycystic kidney disease

E. Olavi Kajander®, Neva Ciftcioglu?, Marcia A. Miller-Hjelle® and J. Thomas Hijelle®

Nanobacteria are unconventional agents 100-fold smaller than
common bacteria that can replicate apatite-forming units.
Nanobacteria are powerful mediators of biogenic apatite
nucleation (crystal form of calcium phosphate) and crystal
growth under conditions simulating blood and urine. Apatite is
found in the central nidus of most kidney stones and in mineral
plaques (Randall's plaques) in renal papilla. The direct injection
of nanobacteria into rat kidneys resulted in stone formation in
the nanobacteria-injected kidney during one month follow-up,
but not in the control kidney injected with vehicle. After
intravenous administration in rats and rabbits, nanobacteria are
rapidly excreted from the blood into the urine, as a major
elimination route, and damage renal collecting tubuli.
Nanobacteria are cytotoxic to fibroblasts in vitro. Human kidney
cyst fluids contain nanobacteria. Nanobacteria thus appear to
be potential provocateurs and initiators of kidney stones, tubular
damage, and kidney cyst formation. It is hypothesized that
nanobacteria are the initial nidi on which kidney stone is built up,
at a rate dependent on the supersaturation status of the urine.
Those individuals having both nanobacteria and diminished
defences against stone formation (i.e. genetic factors, diet and
drinking habits) could be at high risk. Kidney cyst formation is
hypothesized to involve nanobacteria-induced tubular damage
and defective tissue regeneration yielding cyst formation, the
extent of which is dependent on genetic vulnerability. Curr Opin
Nephrol Hypertens 10:000-000. © 2001 Lippincott Williams & Wilkins.
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Introduction

Nanobacteria were discovered over 10 years ago as
autonomously replicating biological particles causing
cytotoxicity in mammalian cell cultures [1]. This agent
mediates apatitic calcification in culture. The apatite
produced is biogenic because it is formed in a carbon-
containing biomatrix around the agent, forms small
spherical units of apatite in nanoscale crystal size that
are very resistant to acid hydrolysis, and can be formed at
non-saturating concentrations of calcium and phosphate
[2,3]. Such spherical units were identified in most human
kidney stones examined, were cultured from these
kidney stones, and produced new stones in culture
[4,5]. Calcified and non-calcified forms of nanobacteria
have been observed free in culture and intracellularly in
mammalian cells /2 vitro [4-6]. Calcified nanobacteria are
very resistant to chemical disinfection [7], heat, ultravio-
let and high gamma irradiation, and can survive in a
lyophilized state for extended periods of time [8].

Methods to diagnose nanobacteria in biological sub-
stances, cells, tissues, blood and urine include immuno-
detection with nano-specific monoclonal antibodies,
electron microscopy and culture [6,9]. Susceptibility
tests can be used to test the effects of antibiotics and
other chemotherapeutic agents [10,11°]. The eradication
of nanobacteria from serum and culture media has been
obtained using high gamma irradiation or filtration, and
nanobacteria-free culture media are commercially avail-

able.

The concept that nanobacteria are living organisms is
controversial. The size of nanobacteria is typically only
0.1-0.2 microns, making them 100-fold smaller than
common bacteria. We have explored the concept that,
although relatively small, such particles could be
primitive life forms [1]. In addition, we have sought
alternative concepts, such as nanobacteria or fragments
of nanobacteria being non-living biomineralization
products that are somehow able to multiply with
kinetics similar to life forms [12]. The general debate
continues over the existence of relatively tiny microbes,
which are sometimes generically called nanobacteria
[13,14]. However, our fundamental findings of nano-
bacteria detection and culture have been reproduced all
or partly by several groups [15,16,17°18°°]. Although the
issue of organism status is important, more relevant to
medicine is the following question: are nanobacteria
pathogenic?
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How is apatite formed by nanobacteria?

The mechanism(s) by which apatite is formed around
nanobacteria is unknown. However, the effectiveness of
its biomineralization is remarkable: apatite formation 7#
vitro stopped only when the calcium level decreased by
50% from 1.8 to 0.9 mM and the phosphate levels fell to
near zero [19°°]. Nanobacteria could feed on dolomite
[CaMg(CO3),] as a calcium source [20]. Furthermore,
synthetic apatite added to nanobacteria cultures dis-
solved while nanoparticles were accumulating apatite
(our unpublished observation). Nanobacteria-induced
apatitic biofilm formation is dependent on the presence
of oxygen [1,5], can be prevented with several antibiotics
and antimetabolites, and by high gamma irradiation at
sterilizing doses [10,11°].

The mechanism might be similar to bone formation,
which is also not fully understood. Models for bone
formation, which use metastable concentrations of
calcium and phosphate, involve gels that include nidi,
such as matrix vesicles, apoptotic vesicles or collagen,
but exclude the known proteinaceous inhibitors for
crystal formation. Such systems have not been tested
with nanobacteria. Vali & «/ [16] demonstrated that
nanoforms contain apatite—protein complexes and im-
muno-electron microscopy revealed protein antigens in
proximity to apatite, suggesting a novel form of
protein-associated mineralization. Recently, Cisar ef al.
[17°] were able to repeat the propagation of nanobac-
teria-like particles, observed similar kinetics for apatite
mineralization, but could not extract DNA or proteins
from the particles. Their interpretation was that the
particles were self-replicating inorganic apatite. Unfor-
tunately, their work was confounded by the lack of
positive and negative controls, surveillance for nano-
bacterial contamination, metabolic studies, the use of
monoclonal antibodies to identify nanobacteria, and the
contamination of polymerase chain reaction reagents by
bacterial DNA. It has been our experience that
nanobacteria actually inhibit the amplification of
exogenous classical bacterial DNA by polymerase chain
reaction methods.

Cisar ¢r al. [17°] did not analyse the antigenicity and
infectivity of the particles they claimed were nanobac-
teria. Our studies have revealed specific nanobacteria
(protein) antigens that result in an immune response in
animals and humans. There is one verifiable case of
human seroconversion after laboratory exposure to
nanobacteria. Rats housed in the same cage became
infected when only one animal was inoculated with
nanobacteria. Apatite is a normal body constituent
known to be non-immunogenic and non-infectious,
which we have verified in rats and rabbits (unpublished
results). Our ongoing studies indicate that approximately
10% of adult healthy people in Scandinavia have

antinanobacteria antibodies, whereas patient groups with
kidney diseases and atherosclerosis have a much higher
incidence of antibodies against nanobacteria. It is thus
plausible that nanobacteria are human pathogens.

Nanobacteria and pathogenesis of

kidney stones

Figure 1 shows similar apatite units produced in
nanobacterial cultures and in human apatitic kidney
stones. Both grow as layers of mineral and matrix [5].
Figure 2 shows a simplified contemporary scheme for
stone formation. The following observations support a
role for nanobacteria in nephrolithiasis. Nanobacteria are
renotropic: Tc-labelled nanobacteria were eliminated
from the body via uptake to kidney tissue from the
blood, and were transported to urine in a process lasting
approximately 15 min [22]. They retained their Tc label
and culturability during excretion. Nanobacteria can be
cultured in urine or artificial urine [15], and look like
Carr’s concretions (see legend to Fig. 2). Apatitic
particles are the predominant crystal type in the urine
of both controls and recurrent stone-formers. However,
crystalluria appears to form at a lower urinary ionic
concentration in stone-formers [23], suggesting a higher
crystallization potency in stone-formers, i.e. active nidi or
weaker crystallization inhibitor activity. Nanobacteria
may thus represent transportable apatitic nidi from blood
to kidney tissue and tubuli.

Collections of Carr’s concretions probably adhere to
epithelia in the collecting tubuli or near papilla, as
observed with Randall’s plaques. Adhesion may require
previous cellular injury [24]. Phosphatidylserine is
ordinarily confined to the inner leaflet of the plasma
membrane, but is relocated in apoptotic cells to the cell
surface, where it may act as a binding site for
nanobacteria. Nanobacteria do adhere to cells and can
cause apoptotic injury [6], especially in collecting tubuli
[22]. Calcium oxalate monohydrate and hydroxyapatite
crystals rapidly adhere to anionic sites on the surface of
cultured renal epithelial cells, but this process is
inhibited by specific urinary anions, such as citrate,
glycosaminoglycans, uropontin, bikunin [25°] or nephro-
calcin, each of which coat the crystals. Competition for
the crystal surface could thus determine if a crystal binds
to a tubular cell [26]. A novel protein closely related to
nucleolin was recently identified as a possible receptor
for the binding of apatite crystals [27]. Once present on
the cell surface, crystals are internalized by renal cells
[28°]. Crystals may be dissolved slowly or may infest
cells and tissue as Randall’s plaques. Randall’s plaques
are found most frequently in patients with calcium salt
stones and abnormalities in their urinary milicu [29°].
Randall’s plaques may start stone formation as a nucleus
for deposits of calcium salts, depending on supersatura-
tions in urine.



Figure 1. Scanning electron microscope images of human kidney
stone and nanobacteria

(@)
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(b)

(@) Human kidney stone composed of carbonate apatite units, and (b)
cultured nanobacteria showing similar apatite units. Bar=10 um. Similar
pictures have been published by Kajander and Ciftcioglu [5] and
Ciftcioglu et al. [19°°].
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Hypothesis of nanobacterial kidney

stone formation

Figure 3 places nanobacteria in the array of over-
lapping factors known either to inhibit or promote
kidney stone formation. In the context of these factors,
nanobacteria would add novel aspects to kidney
calcification. First, a robust apatite nucleator, such as
a nanobacterium, may overwhelm (either chronically or
episodically) otherwise marginally effective anti-nuclea-
tion factors in vulnerable individuals. Second, nucleat-
ing particles (nanobacteria) may be transported from
the blood into the urine. Any infection by nanobacteria
at any place in the body might thus provoke kidney
stones or even calcification at the original site of
infection. Third, anti-nanobacterial treatment strategies
may be explored in patients susceptible to kidney
stones. Nanobacteria are sensitive to tetracycline class
antibiotics 7z vitro, but clinical trials are necessary to
clarify treatment regimens and outcome [10]. Some
nucleoside analogues, such as 5-fluorouracil, are effec-
tive iz vifro against nanobacteria (our unpublished
data) suggesting that antiviral, antimycotic and anti-
metabolite agents should be screened as drugs or drug
combinations.

Important evidence for the hypothesis comes from two
recent papers. An association with kidney stone
formation was established by detecting nanobacteria
in 70 out of 72 kidney stones [19°°]. Interestingly,
apatite stones gave the highest immunopositivity for
nanobacteria, but overall nanobacteria positivity did
not depend on the stone type. Garcia Cuerpo ef al.
[18°°] developed a translumbar, percutaneous renal
puncture method for the injection of materials into the
kidney without antibiotic coverage. Using this techni-
que, rats developed kidney stones in a nanobacteria
inoculum-dependent manner. Such findings are re-
quired to prove Koch’s postulates linking nanobacteria
to kidney stone formation. Larger scale animal studies
using this elegant model are required to confirm
causality and to serve as a basis for tests of anti-
nanobacterial therapies.

The life-long prevalence of kidney stones appears to
have increased throughout the whole 20th century, and
occurs in up to 15% of the population [30]. Treatment
of kidney stones has been estimated to cost over
US$3000 per patient per year [31]. The incidence of
new cases and recurrences may continue to rise.
Therefore, new approaches in treatment and preven-
tion could have a huge economic effect, apart from
benefits in terms of reduced morbidity. Interestingly, a
high prevalence of kidney calcifications is observed in
polycystic kidney disease (PKD) [32°]. Could nano-
bacteria also contribute to the pathology of this
disease?
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Figure 2. Formation of kidney stone in a renal papilla

Carr's concretions are small calcium
phosphate spheres often found in normal
collecting ducts. Collections of Carr’s
concretions form shining Randall's plaques
near the tip of papilla. Detached Randall's
plagues may act as a nucleus of stone
formation. Stone grows as calcium salts and
matrix form new layers on the stone surface.
Adapted from Blandy [21], with permission.
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Infectious agents/microbial toxins as
contributors to renal cyst formation

Modern methods and new concepts of pathogenic
mechanisms for infectious agents and microbial toxins,
released during infection or present in food, reveal a
greater than anticipated role of such agents in causing
chronic disease [14,33-35,36°37°]. PKD, the most
common autosomal dominant disease in humans, can
be viewed simultaneously as a genetic disease with
variable expression [38,39°40-42], a neoplastic process
[43], and an infectious disease or microbial toxicosis
[44°°45,46,47°%]. There are reports of endotoxin
[44°°,45], nanobacteria [44°°], and fungal antigens and
antibodies [46] in human kidney cyst fluids. The
presence of such microbiological material in human cyst
fluids cannot be dismissed as innocuous, because the
perceived anomalies of PKD are plausibly related to the

reported biological effects of endotoxins and mycotoxins
found or logically inferred from findings in PKD kidneys
[47°°,48,49°,50-53] (Fig. 4). However, plausibility does
not prove causality, even when yet to be defined
environmental factors are thought to alter the progres-
sion of PKD [38,41,42]. Future research will need to
address the issue of exposure to infectious agents/toxins
relative to the onset of cystogenesis.

Infectious agents or microbial toxins could influence the
expression of PKD in two ways: by causing the first or
second mutations in PKD genes or by establishing a
tissue environment in which cells with one or more PKD
gene mutations cannot adequately repair tissue damage
[54-57]. In the first case, PKD cysts have been described
as ‘fluid-filled tumors’ [41,43] associated with a ‘two-hit
model’ for PKD mutagenesis [58]. Mutagenesis in PKD
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Figure 4. Hypothesis for nanobacteria provocation of kidney cystogenesis

PKD, Polycystic kidney disease.

PKD gene products, polycystin 1 & 2, collectively displays a large extracellular
target consisting of cysteine- and leucine-rich regions, immunoglobulin and C-type
lectin domains, a LDL receptor like domain, and putative calcium channel and
calcium channel regulator domains. Kidney tubule cells express polycystins and
undergo cystogenesis in polycystic kidney disease.
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Nanobacteria, its fragments and microbial cargo may show heightened toxicity to cells
expressing polycystins. Toxicity may also be magnified in PKD cells due to inadequate
cellular repair mechanisms. In the common simple kidney cysts, nanobacteria may also
cause damage, but normal tissue repair mechanisms limit damage to a single nephron.

has been speculated to involve such concepts as an
intrinsic instability of PKD genes [59,60], oxidative
damage to DNA caused by tissue inflammation [60], and
a functional deficiency of folate caused by the actions of
microbial toxins on the sphingolipid-associated, glyco-
sylphosphatidylinositol-linked folate binding protein
[47°°]. On this last point, the disruption of sphingolipid
biology may be a central phenomenon linking together
PKD [47°°], the protection of kidney tubule cells during
stress [61,62], and mycotoxin-induced pathology of the
liver, kidney, gastrointestinal tract, and altered embry-
ogenesis [49°,63,64°°,65]. Folate deficiency is a con-
tributor to birth defects and cancer [66]. Maternal
infection during fetal development is linked to several
birth defects [67]. Infectious etiologies for many cancers
are considered likely [36°].

If a mutation of a PKD allele occurs during spermatogen-
esis, oogenesis, or blastocyst formation, the mutated PKD

allele will be present in all or some cells, respectively,
although not all cell types express PKD gene products
[60]. Such heterozygous autosomal dominant PKD
individuals could, later in life, develop a mutation of
the remaining normal copy of the PKD allele. This can
occur in one or more tissues, leading to the complete loss
of functional PKD gene products (polycystins 1 and 2
[57,60]) and a derangement of those cellular functions
dependent on these proteins [68,69]. The bioavailability
and distribution of infectious agent(s)/toxin(s) would
impact both the degree and site of PKD lesions. Much
is yet to be learned of the effect of heterozygosity on (i)
the mutability of the remaining normal PKD allele; (ii)
the apparent vulnerability of PKD patients to infection
[70-72]; (iii) the integrity of the colon [73]; and (iv) the
ability to repair tissue damage caused by infectious
agents/toxins [74,75]. Some PKD gene mutations may
yield polycystins that retain a degree of functionality,
thereby influencing phenotypic expression [39°,40].
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The endotoxins and fungal antigens present in the
human PKD kidney are plausibly derived from the
gastrointestinal tract [44°*]. A preliminary report of
nanobacteria in marine, pond, and potable water [15]
makes ingestion a possible route of exposure. Anomalies
of the colon referred to as diverticula are reported to
occur in 80% of PKD patients [73]. The PKD colon may
be the initial domino in the progression of events leading
to cystogenesis: (1) damage to gut barriers; (ii) enhanced
absorption of colonic microbial and diet-derived cysto-
genic materials; (iii) actions of absorbed microbial
materials on kidney and liver cyst formation and
vasculature aneurysms. Although widely thought to be
abnormal [41], a clear demonstration that the PKD colon
is continuously or episodically ‘leaky’ has yet to be
provided.

What cellular toxicity caused by microbial agents/toxins
might account for renal cystogenesis? Apatite-coated
nanobacteria are renotropic, and cause damage to the
renal collecting tubules [22]. Although nanobacteria from
human PKD cysts give a positive differential Limulus
amebocyte lysate test for endotoxin and immunoblot
assays for chlamydial lipopolysaccharide (LLPS: endotox-
in) and Bartonella henselae antigens, it is not known
whether these constituents are products of nanobacterial
metabolism [44°°]. Microbial components are known to
bind to apatite, a property useful in assays applicable to
the detection of microbial contamination of meat [76].
Nanobacteria with toxins are presented to the kidney,
either as products of nanobacterial metabolism or
absorbance of microbial material present in saliva, the
colon, and the environment (Fig. 2). The extraction and
carriage of toxins in foods (e.g. fumonisin [49°,64°°]) by
nanobacteria or other particles to the kidney represents a
potential new link between diet and kidney diseases.

In PKD, the tissue distribution of lesions follows the
expression of polycystins. Kidney tubule epithelium,
vasculature, and gut epithelium express polycystin 1
[57,60], a transmembrane protein that exhibits domains
(e.g. C-type lectins), which in other proteins (e.g. C-type
collectins) mediate the binding of microbes. On the basis
of these descriptions of polycystin 1, we posited that
microbial components may bind to polycystin 1 and
thereby localize to tissues expressing polycystin [46],
ultimately causing cysts, aneurysms, or diverticula. The
relative efficiency of normal versus aberrant polycystins
in binding nanobacteria or microbial toxins is unknown.
Microbe-induced damage to PKD cells results in cells
that poorly conduct tissue repair and yield altered tissue
structure [74].

Tubule obstruction is proposed by Tanner ez a/. [77] to
be an early event in cystogenesis. In Fig. 2, the trapping
of nanobacteria in a tubule obstructed as a result of

nanobacterial cytotoxicity may provide selection pressure
for the emergence of progressively more cystic cell
types: cytoresistant [61,62] PKD cells intrinsically
defective in repairing tissue [74]. A similar model might
also explain simple kidney cysts, in which a lack of
genetic vulnerability limits cyst formation to an indivi-
dual nephron. Evidence of nanobacteria or antigens has
been found in simple and PKD kidney cysts, PKD liver
cysts, and human pineal cyst fluids [44°°,78].

Nanobacteria bind to and are internalized by human
PKD cells iz vitro [44°*]. The release of apatite-bound
toxins would occur after internalization in endocytic
vesicles as a result of the acidic pH that would etch
apatite. In fibroblasts, a cell type that expresses
polycystin [57], internalization is required before cyto-
toxicity is observed [6]. In models of nephrolithiasis and
cystogenesis, cellular digestion of oxalate stones is
reported to cause the release of cytotoxic free radicals,
leading to cytotoxicity [79,80]. Therefore, continued
research into nanobacteria and related concepts of
‘particulate vectors for toxin absorption, concentration,
and delivery’ may yield new insights into an array of
diseases in which tissue calcification, mutagenesis, or
cystogenesis are important [81].

Conclusion

Nanobacteria remain controversial agents that mediate
apatite nucleation and crystal growth. They are reno-
tropic, cause apoptotic cell death, are present in human
kidney stones and kidney cyst fluids. They may trigger
renal pathology involving damage to tubular epithelium,
biomineralization, and perhaps tubule obstruction and
chronic infection, resulting in defective tissue repair.

Acknowledgements

The authors acknowledge and appreciate support from TEKES
(Technology Development Centre, Finland), the Finnish Academy, and
‘X-Bugs: Friends of Microbes in Chronic Disease Research’ (Peoria),
which includes Heart Care Midwest, Peoria Radiology Associates,
Robert and Eleanor Flinn, and donations to the University of lllinois
Foundation for PKD Research.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

*  of special interest

** of outstanding interest

1 Kajander EO, Kuronen |, Akerman K, et al. Nanobacteria from blood, the
smallest culturable autonomously replicating agent on Earth. Proc SPIE Int
Soc Opt Eng 1997; 3111:420-428.

2 Kajander EO, Bjorklund M, Ciftcioglu N. Mineralization by nanobacteria. Proc
SPIE Int Soc Opt Eng 1998; 3441:86-94.

3  Bjorklund M, Ciftcioglu N, Kajander EO. Extraordinary survival of nanobac-
teria under extreme conditions. Proc SPIE Int Soc Opt Eng 1998; 3441:86—
94,

4  Ciftcioglu N, Bjorklund M, Kajander EO. Stone formation and calcification by
nanobacteria in human body. Proc SPIE Int Soc Opt Eng 1998; 3441:105-
111,



5 Kajander EO, Ciftcioglu N. Nanobacteria: an alternative mechanism for
pathogenic intra- and extracellular calcification and stone formation. Proc Natl
Acad Sci USA 1998; 95:8274-8279.

6 Ciftcioglu N, Kajander EO. Interaction of nanobacteria with cultured
mammalian cells. Pathophysiology 1998; 4:259-270.

7 Kajander EO, Ciftcioglu N. Nanobacteria as extremophiles. Proc SPIE Int
Soc Opt Eng 2000; 3755:106-112.

8 Bjorklund M, Ciftcioglu N, Kajander EO. Extraordinary survival of nanobac-
teria under extreme conditions. Proc SPIE Int Soc Opt Eng 1998; 3441:86-
94.

9 Miler-Hjelle MA, Hijelle JT, Ciftcioglu N, Kajander EO. Nanobacteria:
methods for growth and identification of this recently discovered calciferous
agent. In: Olson W, editor. Rapid microbiological methods for the 21st
century. Raleigh: Davis Horwood Int. Publ., Ltd.; 2001, in press.

10 Ciftcioglu N, Monkkénen M, Miller-Hjelle MA, et al. Nanobacterium
sanguineum (NS) antibiotic susceptibility tests and evidence of cytotoxicity
of NS isolates from patients with polycystic kidney disease. Proceedings of
the Am Soc Microbiol General Meeting; 30 May-3 June1999; Chicago:
abstract A-114, p.24.

11 Ciftcioglu N, Kajander EO. Growth factors for nanobacteria. Proc SPIE Int Soc
*  Opt Eng 2000; 3755:113-119.

Growth factors improve nanobacterial culturability. This may help to develop
culture assays applicable to clinical use.

12 Kajander EO, Bjorklund M, Ciftcioglu N. Suggestions from observations on
nanobacteria isolated from blood. In: Size limits of very small microorganisms.
Proceedings of a workshop. Washington DC: National Academy Press;
1999. pp. 50-55.

13 Hamilton A. Nanobacteria: gold mine or minefield of intellectual enquiry?.
Microbiol Today 2000; 27:182-184.

14 Wainwright M. Nanobacteria and associated ‘elementary bodies’ in human
disease and cancer. Microbiology 1999; 145:2623-2624.

15 Burton S, Lappin-Scott HM. Nanobacteria: environmental survey and
development of detection methods. Proceedings of the Am Soc Microbiol
General Meeting; 21-25 May 2000; Los Angeles: abstract R19.

16 Vali H, McKee MD, Ciftcioglu N, et al. Nanoforms. A new type of protein
associated mineralization. Geochim.Cosmochim Acta 2001; 65:63-74.

17 CisarJO, XuD-Q, Thompson J, et al. An alternative explanation of nanobacteria-
*  induced biomineralization. Proc Natl Acad Sci USA 2000; 97:11511-11515.
This study confirms the existence of culturable particles but presents conflicting
results on the biological nature of nanobacteria.

18 Garcia Cuerpo E, Kajander EO, Ciftcioglu N, et al. Nanobacteria. Un modelo de
** neo-litogenesis experimental. Arch Esp Urol 2000; 53:291-303.

A small but very carefully controlled study proves that nanobacteria can cause
kidney stones in the rat. To fulfil Koch's postulates in kidney stone formation more
studies are needed.

19 Ciftcioglu N, Bjorklund M, Kuorikoski K, et al. Nanobacteria: an infectious cause
** for kidney stone formation. Kidney Int 1999; 56:1893-1898.

The first paper that shows the association of nanobacteria with kidney stones.
Nanobacteria could be cultured from kidney stones.

20 Ciftcioglu N, Ciftcioglu V, Vali H, et al. Sedimentary rocks in our mouth:
dental pulp stones made by nanobacteria. Proc SPIE Int Soc Opt Eng 1998;
3441:130-136.

21 Blandy J. Formation of renal calculi. In: Lecture notes on urology. Oxford, UK:
Blackwell Science Ltd.; 1998. pp. 81.

22 Akerman KK, Kuikka JT, Ciftcioglu N, et al. Radiolabeling and in vivo
distribution of nanobacteria in rabbit. Proc SPIE Int Soc Opt Eng 1997;
3111:436-442.

23 Fan J, Chandhoke PS. Examination of crystalluria in freshly voided urines of
recurrent calcium stone formers and normal individuals using a new filter
technique. J Urol 1999; 161:1685-1688.

24 Chandhoke PS, Fan J, May DJ, Yagisawa T. Role of the renal collecting
system in initial kidney stone formation. J Endourol 1999; 13:601-604.

25 Ebisuno S, Nishihata M, Inagaki T, et al. Bikunin prevents adhesion of calcium

®  oxalate crystal to renal tubular cells in human urine. J Am Soc Nephrol 1999; 10
(Suppl 14):S436-S440.

This study describes the most potential inhibitor for adhesion of crystals to kidney

cells.

26 Lieske JC, Deganello S. Nucleation, adhesion, and internalization of calcium-
containing urinary crystals by renal cells. J Am Soc Nephrol 1999; 10 (Suppl
14):S422-S429.

Nanobacteria Kajander et al. 7

27 Sorokina EA, Kleinman JG. Cloning and preliminary characterization of a
calcium-binding protein closely related to nucleolin on the apical surface of
inner medullary collecting duct cells. J Biol Chem 1999; 274:27491-27496.

28 Lieske JC, Toback FG. Renal cell-urinary crystal interactions. Curr Opin
*  Nephrol Hypertens 2000; 9:349-355.
The most recent excellent review on crystal-kidney cell interaction.

29 Low RK, Stoller M, Schreiber CK. Metabolic and urinary risk factors associated
*  with Randall’s papillary plaques. J Endourol 2000; 14:507-510.
Important new information on the pathogenic role of the Randall’s plaques.

30 Wahl C, Hess B. Kidney calculi-is nutrition a trigger or treatment? Ther
Umsch 2000; 57:138-145.

31 Parks JH, Coe FL. The financial effects of kidney stone prevention. Kidney Int
1996; 50:1706-1712.

32 Grampsas SA, Chandhoke PS, Fan J, et al. Anatomic and metabolic risk factors
for nephrolithiasis in patients with autosomal dominant polycystic kidney
disease. Am J Kidney Dis 2000; 36:53-57.

The most recent report of calcification of the PKD kidney.

[}

33 Fredricks D, Relman D. Sequence-based identification of microbial patho-
gens: a reconsideration of Koch's postulates. Clin Microbiol Rev 1996; 9:18-
33.

34 Cassell GH. Infectious causes of chronic inflammatory diseases and cancer.
Emerg Infect Dis 1998; 4:475-487.

35 Lorber B. Are all diseases infectious? Another look. Ann Intern Med 1999;
131:989-990.

36 GoedertJJ, editor. Infectious causes of cancer: targets for intervention. Totowa,
*  New Jersey: Humana Press, Inc.; 2000.

A compelling and thorough presentation of infectious agents, especially viruses, in
cancer causation.

37 Cunningham MW, Fujinami RS, editors. Molecular mimicry, microbes, and
®  autoimmunity. Washington, DC: ASM Press; 2000.

A well-written account of immunological mechanisms by which microbes influence
an unexpectedly wide array of diseases.

38 Gabow PA, Johnson AM, Kaehny WD, et al. Factors affecting the
progression of renal disease in autosomal-dominant polycystic kidney
disease. Kidney Int 1992; 41:1311-1319.

39 Hateboer N, Veldhuisen B, Peters D, et al. Location of mutations within the
*  PKD2 gene influences clinical outcome. Kidney Int 2000; 57:1444-1451.
One of the first reports that suggests that not all PKD mutations yield a totally
inactive polycystin.

40 Hateboer N, Lazarou LP, Williams AJ, et al. Familial phenotype differences in
PKD1. Kidney Int 1999; 56:34-40.

41 Martinez RR, Grantham JJ. Polycystic kidney disease: etiology, pathogenesis,
and treatment. Dis Mon 1995; 41:698-765.

42 Fick GM, Gabow PA. Hereditary and acquired cystic disease of the kidney.
Kidney Int 1994; 46:951-964.

43 Grantham JJ. The etiology, pathogenesis, and treatment of autosomal
dominant polycystic kidney disease: recent advances. Am J Kidney Dis
1996; 28:788-803.

44 Hijelle JT, Miller-Hjelle MA, Poxton IR, et al. Endotoxin and nanobacteria in
**® polycystic kidney disease. Kidney Int 2000; 57:2360-2374.
The first report of nanobacteria in human PKD tissues and fluids; the sources of
endotoxins in PKD kidney are also explored. Monoclonal antibodies to chlamydial
lipopolysaccharide were found to crossreact with nanobacteria.

45 Gardner Jr KD, Burnside J, Elzinga L. Cytokines in fluids from polycystic
kidneys. Kidney Int 1991; 39:718-724.

46 Miller-Hjelle MA, Hielle JT, Jones M, et al. Polycystic kidney disease: an
unrecognized emerging infectious disease? Emerg Infect Dis 1997; 3:113-
127.

47 Hijelle JT, Miller-Hjelle MA, Nowak DM, et al. Polycystic kidney disease and

** fungi: shifting paradigms involving infection and diet. Rev Med Microbiol 2000;
11:1-13.

A highly integrated review of microbes and sphingolipid biology in PKD along with

a discussion of the dual anti-PKD and antimicrobial actions of experimental PKD

therapies.

48 Hazmann L, El-Samalouti V, Ulmer AJ, et al. Components of gut bacteria as
immunomodulators. Int J Food Microbiol 1998; 41:141-154.



8 Renal pathophysiology

49 Vesper H, Schmelz, EM, Nikolova-Karakashian MN, et al. Sphingolipids in food

* and the emerging importance of sphingolipids to nutrition. J Nutr 1999;
129:1239-1250.

An articulate review of the surprising importance of sphingolipids in tissue biology,

especially the gastrointestinal tract and kidney, the sources of sphingolipids, and

the emerging importance of mycotoxins present in foods as disruptors of

sphingolipid biology and causes of disease.

50 Werder AA, Amos MA, Nielsen AH, Wolfe GH. Comparative effects of
germfree and ambient environments on the development of cystic kidney
disease in CFW wd mice. J Lab Clin Med 1984; 103:399-407.

51 Gardner Jr KD, Evan AP, Reed WP. Accelerated renal cyst development in
deconditioned germfree rats. Kidney Int 1986; 29:1116-1123.

52 Gardner Jr KD, Reed WP, Evan AP, et al. Endotoxin provocation of
experimental renal cystic disease. Kidney Int 1987; 32:329-334.

53 Miller MA, Prior RB, Horvath F, Hijelle JT. Detection of endotoxiuria in
polycystic kidney disease patients by the use of the Limulus amebocyte lysate
assay. Am J Kidney Dis 1990; 15:117-122.

54 Roelfsema JH, Spruit L, Saris JJ, et al. Mutation detection in the repeated part
of the PKD1 gene. Am J Hum Genet 1997; 61:1044-1052.

55 Qian F, Watnick TJ, Onuchic LF, Germino GG. The molecular basis of focal
cyst formation in human autosomal dominant polycystic kidney disease type
1. Cell 1996; 87:979-987.

56 Brasier JL, Henske EP. Loss of the polycystic kidney disease region of
chromosome 16P13 in renal cyst cells supports a loss of function model for
cyst pathogenesis. J Clin Invest 1997; 99:194-199.

57 Calvet JP. Molecular genetics of polycystic kidney disease. J Nephrol 1998;
11:24-34,

58 Germino GG. Autosomal dominant polycystic kidney disease: a two-hit
model. Hosp Pract 1997; 32:81-102.

59 Bacolla A, Wells RD. A 2.5-Kbp purinepyrimidine sequence from intron 21 of
polycystic kidney disease gene impedes growth of E. coli [Abstract]. FASEB
J 2000; 14:A1439.

60 Torres VE. New insights into polycystic kidney disease and its treatment. Curr
Opin Nephrol Hypertens 1998; 7:159-169.

61 Zager RA, Burkhart K. Decreased expression of mitochondrial-derived H,O,
and hydroxyl radical in cytoresistant proximal tubules. Kidney Int 1997,
52:942-952.

62 Zager RA, Conrad S, Lochhead K, et al. Altered sphingomyelinase and
ceramide expression in the setting of ischemic and nephrotoxic acute renal
failure. Kidney Int 1998; 53:573-582.

63 Stevens VL, Tang J. Fumonisin B1-induced sphingolipid depletion inhibits
vitamin uptake via the glycosylphosphatidylinositol-anchored folate receptor. J
Biol Chem 1997; 272:18020-18025.

64 Enongene EN, Sharma RP, Bhandari N, et al. Disruption of sphingolipid

** metabolism in small intestines, liver and kidney of mice dosed subcutaneously
with fumonisin B1. Food Chem Toxicol 2000; 38:793-799.

This report highlights the sensitivity of the intestine, liver, and kidney to this

mycotoxin, but more importantly shows that the toxic effects are much more

pronounced and protracted in the kidney. Such a pattern of toxicity meshes nicely

with the occurrence of lesions in PKD.

65

66

67

68

69

70

71

72

73

74

75

76

77

78

80

81

Flynn TJ, Pritchard D, Bradlaw JA, et al. In vitro embryotoxicity of fumonisin
B1 evaluated with cultured post-implantation staged rat embryos. In Vitro
Toxicol 1996; 9:271-279.

Blount BC, Mack MM, Wehr CM, et al. Folate deficiency causes uracil
misincorporation into human DNA and chromosome breakage: implications
for cancer and neuronal damage. Proc Natl Acad Sci USA 1997; 94:3290—
3295.

Greenough A, Osborne J, Sutherland S, editors. Congenital, perinatal and
neonatal infections. New York: Churchill Livingstone Inc; 2000.

Murcia NS, Sweeney E. coli WE, Avner ED. New insights into the molecular
pathophsiology of polycystic kidney disease. Kidney Int 1999; 55:1187-
1197.

Kim K, Drummond |, lbraghimov-Beskrovnaya O, et al. Polycystin 1 is
required for the structural integrity of blood vessels. Proc Natl Acad Sci USA
2000; 97:1731-1736.

Schwab S, Bander S, Saulo K. Renal infection autosomal dominant
polycystic kidney disease. Am J Med 1987; 82:714-718.

Sklar A, Caruana RJ, Lammers JE, Strauser GD. Renal infection in autosomal
dominant polycystic kidney disease. Am J Kidney Dis 1987; 10:81-88.

Roscoe JM, Brissenden JE, Wililams EA, et al. Autosomal dominant
polycystic kidney disease in Toronto. Kidney Int 1993; 44:1101-1108.

Scheff RT, Zuckerman G, Harter H, et al. Diverticular disease in individuals
with chronic renal failure due to polycystic kidney disease. Ann Intern Med
1980; 92:202-204.

Calvet JP. Injury and development in polycystic kidney disease. Curr Opin
Nephrol Hypertens 1994; 3:340-348.

Counts RS, Nowak G, Wyatt RD, Schnellmann RG. Nephrotoxicant inhibition
of renal proximal tubule cell regeneration. Am J Physiol 1995; 269:F274—
F281.

Berry ED, Siragusa GR. Hydroxyapatite adherence as a means to
concentrate bacteria. Appl Environ Microbiol 1997; 63:4069-4074.

Tanner GA, Gretz N, Connors BA, et al. Role of obstruction in autosomal
dominant polycystic kidney disease in rats. Kidney Int 1996; 50:424-431.

Hjelle JT, Miller-Hjelle MA, Caughey RC, et al. Nanobacteria as a potential
etiologic agent in calcification of the human pineal gland. Proceedings of the
Second International Conference on Emerging Infectious Diseases/American
Society for Microbiology meeting, 16-19 July 2000; Atlanta; p. 102.

7%nassen JA, Cooney RA, Kennington L, Scheid CR. Enhanced sensitivity of

autosomal dominant polycystic kidney disease cells to oxalate may be
mediated by increased oxidant stress. Abstract/Poster presented at the
NIDDK Workshop on Polycystic Kidney Disease; 10-11 September 1997,
Crystal City.

Scheid C, Koul H, Hill WA, et al. Oxalate toxicity in LLC-PK1 cells: role of
free radicals. Kidney Int 1996; 49:413-419.

Carson DA. An infectious origin of extraskeletal calcification. Proc Natl Acad
Sci USA 1998; 95:7846-7847.



