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Abstract

We devise a general method for automatic meta-
analyses in neuroscience and apply it on text data
from published functional imaging studies to ex-
tract main functions associated with a brain area
— the posterior cingulate cortex. Abstracts from
PubMed are downloaded, words extracted and
converted to a bag-of-words matrix representa-
tion. The combined data is analyzed with hierar-
chical non-negative matrix factorization. We find
that the prominent themes in the PCC corpus are
episodic memory retrieval and pain. We further
characterize the distribution in PCC of the Ta-
lairach coordinates available in some of the arti-
cles. This shows a tendency to functional segrega-
tion between memory and pain components where
memory activations are predominantly in the cau-
dal part and pain in the rostral part of PCC.
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Number of posterior cingulate entries in the
PubMed database as a function of the year
of publication. The query was “("posterior
cingulate" OR "posterior cingulum" OR

"retrosplenial" OR "retrosplenium")”.

Download of PubMed Abstracts

We download abstracts from the PubMed Web-
service by restricting the search to posterior cin-
gulate area and functional neuroimaging with the
following query:

("posterior cingulate" OR

"posterior cingulum" OR

"retrosplenial" OR

"retrosplenium") AND

("magnetic resonance imaging" OR

"positron emission tomography")

Vectorization of Abstracts

Vectorization of the abstracts using “bag-of-
words” and an extensive stop-word list. The result
is an abstract × term matrix X(N × P ).

Text Clustering with NMF

Non-negative matrix factorization (NMF) [1] is use
the cluster the vectorized abstracts

X = WH + E, (1)

with W(N ×K), H(K × P ), K varied between
1 . . . 12 and the cost function E is defined as

E = trace(EE
T) = ||E||2F , (2)

Hierachical NMF Clustering on Posterior Cingulate PubMed Abstracts
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NMF tree with components from non-negative matrix factorization of the bag-of-words converted
posterior cingulate abstracts. The nodes indicated by yellow dots represent each a specific component
k ∈ {1 . . . K} for a specific K. The y-axis is indicating a specific number of classes K. The size of
the dots indicates the fraction of documents assigned to the component.

The major components appear as memory, Alzheimer’s disease, and pain.

The prominent “memory” component is in alignment with the major review of 275 functional neu-
roimaging studies [2] that found “episodic memory retrieval” to be associated with posterior cingu-
late.

The Alzheimer’s disease topic appears due to studies showing hypoperfusion in the posterior cingulate
cortex, e.g., [3].
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Memory component

# Load Title Ref

1 7.81 Remembering the past: two
facets of episodic memory
explored with positron emis-
sion tomography.

[4]

2 7.56 Differential remoteness and
emotional tone modulate
the neural correlates of au-
tobiographical memory.

[5]

3 5.74 Differential modulation of a
common memory retrieval
network revealed by positron
emission tomography.

[6]

4 5.11 Remembering familiar peo-
ple: the posterior cingulate
cortex and autobiographical
memory retrieval.

[7]

5 5.06 Neuroanatomical correlates
of episodic encoding and re-
trieval in young and elderly
subjects.

[8]

6 4.89 Verbal encoding deficits in a
patient with a left retrosple-
nial lesion.

[9]

7 4.73 The functional neu-
roanatomy of episodic
memory: the role of the
frontal lobes, the hippocam-
pal formation, and other
areas.

[10]

.

..

Memory class: Abstracts associated with the
memory class sorted according to loading on the
NMF component, i.e., values in wk=memory. For
this specific list the (1, 4)-node from NMF tree
figure was selected. The first 7 items in the list all
investigate some aspect of memory.

Similar lists can be constructed for Alzheimer’s dis-
ease and pain. The major part of these studies in
the top of the lists is directly related to Alzheimer’s
disease and pain.

Distribution of Talairach Coordinates from Memory and Pain articles
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Distribution of memory and pain brain activations in the posterior cingulate cortex shown on a
sagittal plot: y is the AP-axis with posterior as negative. The blue outline follows that of the
Talairach atlas. The gray outline is an isocurvature in a probability volume for posterior cingulate
cortex based on modeling of coordinates from the Brede database. Green squares are associated
with “memory” articles and red triangles with “pain” articles.

There is functional heterogeneity in the posterior cingulate since the foci of the memory and pain
activations are different: Memory in the caudal part and pain in the rostral part (P ≈ 0.002,
Hotelling’s T 2 test and a Mahalanobis permutation test).

Automated Neuroinformatic Data Mining

We have presented a method for discovering major themes for a specific brain area. Apart from the
manual entering of Talairach coordinates our method can be completely automatized. Our method
is not confined to the analysis of the posterior cingulate but can be applied to other brain regions
or other words and phrases and their relation to brain anatomy can be identified.
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