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Abstract The contribution of microRNAs to the initia-

tion, progression, and metastasis of medulloblastoma (MB)

remains poorly understood. Metastatic dissemination at

diagnosis is present in about 30% of MB patients, and is

associated with a dismal prognosis. Using microRNA

expression profiling, we demonstrate that the retinal miR-

183–96–182 cluster on chromosome 7q32 is highly over-

expressed in non-sonic hedgehog MBs (non-SHH-MBs).

Expression of miR-182 and miR-183 is associated with

cerebellar midline localization, and miR-182 is signifi-

cantly overexpressed in metastatic MB as compared to

non-metastatic tumors. Overexpression of miR-182 in non-

SHH-MB increases and knockdown of miR-182 decreases

cell migration in vitro. Xenografts overexpressing miR-182

invaded adjacent normal tissue and spread to the lepto-

meninges, phenotypically reminiscent of clinically highly
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aggressive large cell anaplastic MB. Hence, our study

provides strong in vitro and in vivo evidence that miR-182

contributes to leptomeningeal metastatic dissemination in

non-SHH-MB. We therefore reason that targeted inhibition

of miR-182 may prevent leptomeningeal spread in patients

with non-SHH-MB.

Keywords hsa-miR-182 � Metastatic dissemination �
SHH pathway � Medulloblastoma

Introduction

Medulloblastoma (MB) remains one of the most chal-

lenging diseases in pediatric oncology with considerable

mortality and post-treatment morbidity [17]. Recent studies

have consistently identified several distinct biological

subgroups of MB with distinct genetics, demographics, and

clinical outcomes. Subgroup affiliation should prove clin-

ically useful to stratify patients in future MB clinical trials

[1, 2, 10, 16, 19, 20, 23]. One unresolved problem remains

that metastatic dissemination at diagnosis, which is present

in about 30% of MB patients, is associated with a signifi-

cantly inferior prognosis [3]. Our understanding of the

molecular mechanisms contributing to leptomeningeal

dissemination is minimal, providing few if any molecular

targets to treat or prevent disease progression.

The identification of microRNAs (miRNAs) as media-

tors of various centrally important cellular processes has

been one of the most striking improvements in our

understanding of molecular cell function in the last decade.

These short, non-coding RNA molecules (21–25 nucleo-

tides) are known to play important roles in tumorigenesis

and to display distinct expression signatures within dif-

ferent cancer types [8, 13]. However, the specific roles of

miRNAs in the biology of MB, the most frequent malig-

nant brain tumor in childhood remain incompletely

understood. The most striking and consistent finding so far

has been the involvement of the miR-17–92 cluster as an

oncomir in sonic hedgehog-driven MB (SHH-MB) [15,

24].

Corroborating recently reported findings [1], microRNA

profiling in a cohort of 32 primary MBs could readily

distinguish SHH-MB from non-SHH-MB, which was

subsequently validated in an independent tumor cohort

studied on a different miRNA expression platform [15].

Subgroup-specific patterns of miRNA expression could be

due to different cells of origin [4, 6]. Among the most

differentially expressed miRNAs, the retinal miRNAs hsa-

miR-182 (miR-182), hsa-miR-183 (miR-183), and hsa-

miR-96 (miR-96) [25], demonstrated consistent overex-

pression in non-SHH-MBs, whereas in SHH-MBs, they

were expressed at levels comparable to normal cerebellum.

Interestingly, pro-migratory and proliferative effects were

recently attributed to miR-182 in breast cancer [14] and

melanoma [22], another neuroectodermal tumor, whereas

inhibition of proliferation and invasion was reported in

lung cancer [26].

In this report, we demonstrate in vitro and in vivo that

overexpression of miR-182 in the context of non-SHH-MB

drives metastatic dissemination, and that inhibition of miR-

182 is a molecular target for the treatment of metastatic

MB.

Materials and methods

Clinical materials and microRNA preparation

One hundred and eleven MB samples were included in this

study, divided into screening (n = 32), validation cohort

(n = 90), and QRT-PCR-validation cohort (n = 79).

Detailed clinical information is listed in Table 1 and

Supplementary Tables 1/2 and appendix. Molecular sub-

groups were revealed either by gene expression profiling

(n = 40) or immunohistochemistry (n = 71) as previously

described [16, 19, 20]. All clinical samples were collected

after informed consent at the Department of Neuropathol-

ogy, NN Burdenko Neurosurgical Institute, Moscow,

Russia.

Snap frozen tissues were homogenized and total RNA

was extracted using the miRNeasy kit (Qiagen) following

the manufacturer’s instruction. RNA quality was assessed

using the RNA 6000 Nano kit (Agilent). Samples with a

RNA integrity number (RIN) higher than 8.0 were used for

further experiments. Our previously published dataset

including 90 primary MB samples using a different meth-

odology and platform was used as validation cohort [15].

MicroRNA microarray and bioinformatic analysis

MicroRNA expression profiles of the screening cohort

were obtained by the 1,146 Human miRNAs V2, Illumina

microRNA DASL array (Illumina). Raw data were nor-

malized by quantile normalization using the Illumina

software BeadStudio (ver.3). Normalized data were log2

transformed. Details on the microarray analysis are given

in the Supplementary appendix. p values of 0.05 or below

were considered significant.

Quantitative real-time PCR

TaqMan MicroRNA Assay (Applied Biosystems) was used

to verify the expression levels of candidate miRNAs (hsa-

miR-182, ABI assay ID 00597; hsa-miR-183, ABI assay ID

000484) as previously reported [7]. Expression levels of
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individual miRNAs were calculated using the 2[-delta delta

C(T)] method [12] relative to the average expression level

of two housekeeping small RNAs, RNU6B (ABI assay ID

001093) and RNU66 (ABI assay ID 001002), and a pooled

normal cerebellum total RNA (24 male/female Caucasian,

ages 16–70; Clontech).

Medulloblastoma cell culture

Medulloblastoma cell lines DAOY (Cat#HTB-186,

ATCC), D458 Med (kindly provided by Dr. Darell D.

Bigner, Duke University, USA) [9], and Med8A (kindly

provided by Dr. Michael D. Taylor, University of Toronto,

Canada) [11] were selected for functional validation

according to their different expression levels of candidate

miRNAs (Supplementary Fig. 1a). DAOY and Med8A

were cultured in DMEM (Invitrogen) with 10% FBS. D458

Med was cultured in Improved MEM with Zn2? option

medium (Invitrogen) with 20% FBS. All MB cell lines

were incubated in a 5% CO2 atmosphere condition.

Stable overexpression and transient knockdown (KD)

of miRNA candidates

PCR fragments containing miR-182 (296 bp), or miR-183

(325 bp) were cloned into the pCMX-PL1 vector (pCMX,

kindly provided by Dr. Roland Schüle, Medical School

Freiburg, Germany) [18]. The primer sequences are pro-

vided in Supplementary Table 3. Transfection was carried

out with Lipofectamine 2000 (Invitrogen), 25 mM Zeocin

(Invitrogen) was applied to the culture medium for stable

clone selection; two single colonies with the highest

expression level, confirmed by QRT-PCR, were used for

further functional studies (Supplementary Fig. 1b). Tran-

sient KD of miRNA candidates was carried out by Ambion

Anti-miR miRNA Inhibitor (anti-miR-182, AM12369;

anti-miR-183, AM12830; ABI). Expression levels of can-

didate miRNAs were evaluated by QRT-PCR after KD

(Supplementary Fig. 1c). Functional assays were carried

out 24 h after KD.

Scratch assay

DAOY and Med8A were grown in confluence on a Lab-

Tek chambered coverglass (Nunc) in monolayer. After

serum starvation for 24 h, a ‘‘wound’’ was made in the

middle of the chamber and pictures were taken at the

indicated time. Migratory speed was calculated by com-

paring the final wound width (after 12 h) with the initial

width at the beginning of the experiment. The relative

migratory speed was determined by preparing a ratio of the

migratory speed of the tested cell line compared to the

control cell line (pCMX for overexpression, and scrambled

negative control for knockdown).

Table 1 Clinical–pathological characteristics of the patients–screening cohort

Variable Medulloblastoma subtypes Fisher’s exact test

p
SHH

11 (34.4%)

WNT

4 (12.5%)

Group C

3 (9.4%)

Group D

14 (43.8%)

All

32 (100%)

Age, years

B3 3 (27.3%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 4 (12.5%) 0.03

4–17 4 (36.4%) 3 (75.0%) 2 (66.7%) 10 (71.4%) 19 (53.1%)

C18 4 (36.4%) 1 (25.0%) 0 (0.0%) 4 (28.6%) 9 (34.4%)

Gender

Female 1 (9.1%) 2 (50.0%) 1 (33.3%) 5 (35.7%) 9 (28.1%) 0.25

Male 10 (90.9%) 2 (50.0%) 2 (66.7%) 9 (64.3%) 23 (71.9%)

Localization

Hemispheric 8 (72.7%) 1 (25.0%) 0 (0.0%) 1 (7.1%) 10 (31.2%) \ 0.01

Midline 3 (27.3%) 3 (75.0%) 3 (100.0%) 13 (92.9%) 22 (68.8%)

Histology

Classic 4 (36.4%) 4 (100.0%) 0 (0.0%) 11 (78.6%) 19 (59.4%) \ 0.01

MBEN/desmoplastic 5 (45.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (15.6%)

LCA 2 (18.2%) 0 (0.0%) 3 (100.0%) 3 (21.4%) 8 (25.0%)

Metastatic stage

M0 7 (63.6%) 3 (75.0%) 2 (66.7%) 6 (42.9%) 18 (56.2%) 0.66

M1–3 4 (36.4%) 1 (25.0%) 1 (33.3%) 8 (57.1%) 14 (43.8%)

MBEN Medulloblastoma with extensive nodularity, LCA large cell/anaplastic, SHH sonic hedgehog pathway
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Boyden chamber migration/invasion assay

The migration ability of DAOY and D458Med was mea-

sured in transwells with a 8-lm pore polycarbonate

membrane insert (Corning). The invasion ability was

determined using BD BioCoat Matrigel invasion chambers

(BD Biosciences). After serum starvation for 24 h, cells

were harvested and resuspended in serum free medium.

1 9 105 cell (DAOY, adhesive cell line) or 5 9 105 cells

(D458 Med, half suspension cell line) were seeded in the

upper reservoir of the migration and invasion chambers,

respectively. Normal culture medium with FBS was added

in the lower reservoir as a chemoattractant. After 16

(DAOY) or 24 (D458 Med) hours of incubation, migrated

cells were fixed with methanol, stained with haematoxylin,

and mounted on a glass slide for cell counting.

3D microchannel migration assay

Poly(dimethylsiloxane) (PDMS) based microchannel chips

were kindly provided by Dr. Ralf Kemkemer (Max Planck

Institute for Intelligent Systems, Germany). Microfabri-

cated channel structures with the dimensions of 5 9 11 9

300 lm (W 9 H 9 L) (Supplementary Fig. 2) were coated

with a 50-lg/ml fibronectin solution prior to use. The chip

was fixed on a Teflon holder and 2 9 105 cells were seeded

on the chip in close proximity to the channels. After cells

were attached on the chip, live-cell imaging was started.

During the experiments, no chemical gradient or flow inside

the channels was applied. Phase-contrast time-lapse pic-

tures of multiple positions were captured for every 10 min

with an automated inverted microscope (Zeiss Cell Obser-

ver; Carl Zeiss) equipped with a heated and air-humidified

chamber. Images were recorded and processed with Zeiss

AxioVision and ImageJ software. Cell behaviors were

analyzed and categorized as described in Supplementary

appendix and reported previously [21].

Medulloblastoma experiments in vivo

5 9 105 DAOY cells with stable transfection of miR-182

or control vector were injected into the left cerebellar

hemisphere of CB17/SCID mice (Charles River Labora-

tories). Details are given in the Supplementary appendix.

Results and discussion

Non-SHH-MB display a distinct miRNA expression

pattern that includes overexpression of retinal miRNAs

We determined genome-wide miRNA expression profiles

in a screening set of 32 primary MBs (Table 1).

Unsupervised hierarchical clustering identified three major

groups with SHH-MBs showing the clearest separation from

the remaining subgroups (Fig. 1a, Supplementary Fig. 3).

Principal component analysis demonstrates the same rela-

tionships (Fig. 1b). Based on our overlapping mRNA

expression profiling data [19, 20], the molecular subgroups

included WNT, SHH, and non-WNT/non-SHH MB variants.

Likely due to the low proportion of group C tumors (n = 3),

group C and D tumors could not be differentiated based on

miRNA expression patterns. Fundamental miRNA expres-

sion differences between SHH- and non-SHH-MB were

determined by significance analysis of microarrays, yielding

a robust 26-miRNA signature that could readily separate

SHH-MBs from non-SHH-MBs (Supplementary Table 4,

Fig. 1c). Validation of the 26-miRNA signature using an

independent series of 90 primary MBs (Supplementary

Table 1) [15] studied on a different miRNA platform also

readily separated SHH from non-SHH tumors (Supplemen-

tary Fig. 4). Notably, the retinal miRNA cluster on

chromosome 7q32 (miR-182, miR-183, and miR-96) were

the most differentially regulated miRNAs within the

26-miRNA signature (Supplementary Table 4). In the vali-

dation dataset, the same strong effect was observed for miR-

182 and miR-183 (Supplementary Fig. 4). Thus, we focused

all subsequent analyses on these two miRNAs that showed

consistent results in both independent datasets.

miR-182 and miR-183 are highly overexpressed in non-

SHH-MB

The expression levels of miR-182 and miR-183 were

subsequently validated by quantitative real-time PCR

(QRT-PCR) in the screening cohort (n = 32) studied by

miRNA profiling, and a non-overlapping QRT-PCR-vali-

dation cohort (n = 79; Supplementary Table 2). For the

screening cohort, QRT-PCR results were closely correlated

with the microarray data (Spearman’s q 0.97, p \ 0.0001;

Supplementary Fig. 5). In the QRT-PCR-validation cohort,

we further confirmed that expression levels of both can-

didate miRNAs were significantly higher in non-SHH-

MBs, as compared to SHH-MBs (p \ 0.0001; Fig. 2a).

Likely, due to the heterogeneous prognosis of non-SHH

tumors with excellent prognosis of WNT-MBs and inter-

mediate to dismal prognosis of group C and D [16, 19, 20],

we observed no prognostic impact of miR-182 and miR-

183 expression (data not shown). Importantly, further

correlation of the QRT-PCR results with clinical and

pathological parameters revealed that MBs located in the

cerebellar midline showed a significantly higher expression

of both candidate miRNAs (p \ 0.001), and miR-182

showed a significantly higher expression in metastatic MB

(p = 0.03; Fig. 2b). These data complement previously

published data showing that SHH-MB usually occur
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laterally in the cerebellar hemisphere [17], and have a lower

incidence of metastases [16]. Since miR-182 expression was

highly correlated with SHH subtype, the link between miR-

182 expression and tumor localization (p = 0.23) and

metastasis (p = 0.24) was not independent of MB subtype. In

contrast to an earlier study reporting on the up-regulation of

retina miRNAs in WNT-MBs [5], we demonstrate in our large

dataset that ‘retinal miRNA’ overexpression is not limited to

WNT-MB, but rather shows high expression levels across all

of the non-SHH tumors (Fig. 2a).

Scratch assay reveals pro-migratory effects

of miR-182/183 overexpression

Proliferation was not consistently affected by stable over-

expression or transient knockdown (KD) of miR-182 and

Fig. 1 Genome-wide microRNA expression. MicroRNAs miR-182

and miR-183 are highly up-regulated in non-SHH-MB. Color scheme

applies to all figures: SHH (red), WNT (blue), C (yellow), and D

(green). a Unsupervised hierarchical clustering (HCL) of miRNA

expression, method: Ward, distance: Euclidean. Predicted molecular

subgroup information was obtained from our previous study [19].

b Principal component analysis of the screening set showed sonic

hedgehog-driven medulloblastomas are distinct from other disease

variants regarding their miRNA expression patterns. c Supervised

HCL of screening set based on the 26-miRNA signature separating

SHH-MB from non-SHH-MB, green boxes indicate retinal miRNAs,

miR-182, miR-183, and miR-96, which were generally overexpressed

in non-SHH-MBs. MicroRNA-182 and miR-183 showed distinct

expression patterns in the three clusters
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miR-183 in the MB cell lines DAOY or Med8A (Supple-

mentary Fig. 6). Next, we tested the migratory effects of both

candidates. Overexpression of miR-182 in DAOY cells

(DAOY-182K1, DAOY-182K2) significantly increased

migration speed in scratch assays at least fourfold compared to

the empty vector control (DAOY-pCMX) (Dunnett contrasts,

p \ 0.001). In contrast to this, we observed a decreased

migratory propensity for DAOY with miR-182 KD (Fig. 3a,

b). DAOY with miR-183 overexpression (DAOY-183K1,

DAOY-183K2) did not show a clear difference regarding the

migratory speed compared to DAOY-pCMX. Knockdown of

miR-183, however, also resulted in decreased cell migration

(Fig. 3b, c) (p \ 0.001). A second MB cell line, Med8A,

which has a very low baseline expression of miR-182 and

miR-183 (Supplementary Fig. 1a) showed a moderate but

significant increase in the migratory speed after stable trans-

fection of miR-182 and one miR-183 clone (p \ 0.001),

whereas further KD of these miRNAs did not show any sig-

nificant changes in the migratory speed of Med8A (Fig. 3b, c).

3D microchannel assay confirms the pro-migratory

effect of miR-182

A micro-fabricated device with channel structures mim-

icking a 3D in vivo environment was used to monitor cell

migration by time-lapse imaging. This technique, in

comparison to the classic Boyden chamber assay, allows

the user to follow single cell migration though accurately

defined structures in real-time. The interaction between

cells and the channels was categorized into three activi-

ties: penetration, invasion, and permeation [21]. Time-

lapse pictures in Fig. 3d (taken from Video 1) show an

example of a DAOY cell permeating a 5-lm wide

channel (all three different cell behaviors are demon-

strated in Video 1–4). The invasiveness of cells is defined

as the percentage of invasive and permeative cells of

all cells that were trying to enter the channels. Sta-

ble overexpression of miR-182 increased the average

invasiveness 2.6-fold (DAOY-182K1) and 2.9-fold

(DAOY-182K2) compared to DAOY-pCMX, respec-

tively (Dunnett contrasts, p \ 0.001). Inversely, DAOY

with transient KD of miR-182 showed a significantly

reduced invasiveness of 0.6-fold as compared to negative

controls (Dunnett contrasts, p = 0.03, Fig. 3e). In line

with these observations, upon miR-182 overexpression in

Med8A cells, we observed a trend towards an increased

migratory and invasive phenotype (Fig. 3f; Video 5,

Video 6). Notably, Med8A-pCMX cells showed no

migratory behavior and were not capable of invading the

5-lm channels.

Fig. 2 Quantitative Real-time PCR a Validation of miR-182 and

miR-183 expression levels by QRT-PCR in test set (n = 79). Non-

SHH-MBs show significantly higher expression of both candidate

miRNAs compared to SHH-MBs. b Expression of miR-182 and miR-

183 is linked to tumor location and metastatic stage. Both candidates

showed higher expression in midline MBs, and miR-182 showed

significantly higher expression in metastatic MBs
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Fig. 3 In vitro migration

studies. a Representative images

of scratch assay after stable

overexpression and transient

knockdown (KD) of miR-182 in

DAOY. Scale bar 100 lm.

b Overexpression of miR-182

showed a dramatic impact on

the migration speed of both

DAOY and Med8A cell

(Dunnett contrasts, *p \ 0.001).

c Transient KD of miR-182 and

miR-183 showed a significant

effect on the migration speed of

DAOY only (Dunnett contrasts,

*p \ 0.001). d Images from

time-lapse video, a DAOY cell

permeating a 5 9 11 9 300-lm

channel. The outline of the

DAOY cell was manually

marked with black lines for

better visualization. Scale bar
100 lm. e 3D Micro-channel

assay showed that the relative

invasiveness was doubled in

both single DAOY colonies

with miR-182 overexpression,

and was decreased by *50%

after siRNA treatment

compared to empty vector

transfected control (pCMX) and

scramble negative siRNA

treatment control (siCtrl)

(Dunnett contrasts, *p \ 0.001;

**p = 0.03). f No invasive cells

were observed in Med8A with

empty vector (pCMX), but

observed in both single colonies

with miR-182 overexpression

(Med8A-182K1: p = 0.37,

Med8A-182K2: p = 0.12).

Basal migration was 0% for

Med8A-pCMX, such that it was

not possible to provide a fold

change here rather than an

absolute frequency. All error
bars indicate the mean ± SD of

three independent experiments.

g Boyden chamber assays

confirmed that miR-182

expression is significantly

associated with the pro-

migratory phenotype of DAOY

and D458 Med cells
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Boyden chamber assay confirms the pro-migratory

effect of miR-182 is not a unique phenotype of DAOY

cells

In line with the scratch assay and 3D microchannel assay

data, DAOY cells with miR-182 overexpression showed an

at least twofold increment of migration compared to empty

vector in the migration and invasion assays. A significant

reduction of cell migration was noted upon KD of miR-182

in DAOY cells. To confirm these observations in another

MB cell line, D458 Med with very high expression level of

miR-182 (Supplementary Fig. 1a) was also subjected to

Boyden chamber assays upon stable overexpression and

KD of miR-182. Both migration and invasion assay

showed a significant increase of migrated cells upon miR-

182 overexpression in D458Med cells (182K1, 182K2 in

Fig. 3g). Conversely, transient KD of miR-182 resulted in

decreased migration (Fig. 3g). Taken together, these find-

ings confirmed that miR-182 has an important role in the

pro-migratory phenotype of MB cells in vitro.

Overexpression of miR-182 induced invasive MB

growth in vivo

To further assess the pro-migratory properties of miR-182

in vivo, we performed orthotopic xenograft experiments of

vector control DAOY cells as compared to those over-

expressing miR-182. MRI revealed mean tumor formation

at 4.6 months (range 3–7) after implantation. Haematoxy-

lin & eosin staining of xenograft sections demonstrated

tumor formation by all clones irrespective of the transfec-

ted construct (tumor incidence of xenografts in injected

Fig. 4 Haematoxylin & eosin

staining of DAOY xenograft

sections. a, b Both DAOY-

182K1 and DAOY-182K2

invaded into the adjacent

normal brain, forming small

colonies, indicated by green
arrowheads. c DAOY-pCMX

formed xenografts with a clear

boundary towards normal brain,

indicated by yellow arrowheads.

d, e Magnified view of the

infiltrating colonies of DAOY-

182K1 and DAOY-182K2 into

the normal brain. f Magnified

view of the boundary between

normal brain and a DAOY-

pCMX xenograft. g–i Both

DAOY-182K1 and DAOY-

182K2 showed larger cellular

size than DAOY-pCMX

morphologically resembling

large cell medulloblastoma,

which is associated with a

highly malignant and invasive

clinical phenotype. j–o A higher

incidence of leptomeningeal

spread was seen in tumors

overexpressing miR182

compared to controls (black
boxes position of the 9400

image in the 9100 image)
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mice: pCMX 4/5 mice, 182K1 4/6 mice, 182K2 2/2 mice).

All of the xenografts from DAOY-182K1 and DAOY-

182K2 extensively infiltrated the surrounding normal tis-

sue, giving rise to countless small colonies widely

distributed throughout the cerebellum (green arrowheads in

Fig. 4a, b, d, e), whereas all of the tumor formed by the

control clone DAOY-pCMX displayed a clear boundary

(Fig. 4c, f). Notably, all of the xenografts derived from

DAOY-182K1, and DAOY-182K2 showed a similar mor-

phology, with larger cells reminiscent of large cell/

anaplastic MB, in contrast to the morphology of the xe-

nografts derived from the control clones (Fig. 4g–i).

Furthermore, leptomeningeal spread was seen only in

miR182 overexpressing tumors (K1: 3/4 tumors, 1/4 was

dead from tumor before a histological evaluation could be

performed; K2: 2/2 tumors) compared to controls, which

showed no leptomeningeal spread (pCMX 0/4 tumors)

(Fig. 4j–o). Only the local leptomeninges but not the CSF

or spinal cords were studied, hence it remains to be elu-

cidated if distant spread in the form of circulating cells in

the CSF is also present in the mice with miR-182 over-

expressing xenografts. Overexpression of miR-182 did not

affect the latency of the xenograft formation, in keeping

with our in vitro results on cell proliferation (Supplemen-

tary Fig. 6).

In conclusion, our study provides both in vitro and in

vivo evidence for an important role of miR-182 in lepto-

meningeal spread of non-SHH-MB. By elucidating the

biology of metastatic MB, novel targeted treatment

approaches might be developed for these tumors with

particularly dismal prognosis.
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